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L — The  hiertness  of  Quicklime.     Part  11. 
By  V.  H.  Velet,  M.A. 

Introductoey. 
In  a  former  communication  (Trans.,  1893,  63,  821 — 833),  it  has  been 
shown  that  quicklime  does  not  combine  to  any  appreciable  degree 
with  carbon  dioxide  or  sulphur  dioxide  at  temperatures  below  300° ; 
it  was  further  proposed  to  continue  the  investigation  on  these  lines, 
and  to  examine  the  reactions  of  other  gases,  such  as  chlorine,  which, 
under  ordinary  conditions,  are  readily  absorbed  by  slaked  lime. 

Historical. 

The  well-known  researches  of  Wanklyn  (Ghem.  News,  20,  271)  and 
Couper  (Trans.,  1883,  43,  153—155)  have  established  the  fact  that 
certain  metals,  such  as  sodium,  Dutch  metal,  &c.,  do  not  burn  in 
carefully  dried  chlorine.  Further,  it  has  been  shown  by  Pringsheim 
(Wiedemann's  Annalen,  1887,  32,  421),  as  also  by  Dixon  (Bakerian 
Lecture,  1893,  Phil.  Trans.,  A,  100),  that  a  mixture  of  hydrogen  and 
chlorine  gases,  when  dried,  are  far  less  sensitive  to  the  action  of  sun- 
light than  when  moist. 

It  was  pointed  out  by  Morin  (Ann.  Chim.  Fhys.,  37,  139),  that 
Avhen  bleaching  powder  is  heated,  chlorine,  and,  subsequently,  oxygen, 
is  given  oft".  Mendeleeff  (Frinciples  of  Chemistry,  Eng.  trans.,  1, 
471)  mentions  the  fact,  without,  however,  quoting  the  authority,  that 
"  quicklime  does  not  absorb  chlorine  when  cold,  but  at  a  red  heat  in 
a  current  of  chlorine  it  forms  calcium  chloride  with  evolution  of 
oxygen."  And  also  that  "  slaked  lime,  when  dry,  does  not  absorb 
chlorine  at  100°." 

YOL.  LXV.  B 


2  VELEY:   THE   INERTNESS   OF   QUICKLIME. 

Mr.  Francis  Jones  Las  informed  me,  in  a  private  communication, 
that  he  found  "  some  years  ago  that  there  was  no  action  between 
chlorine  and  lime  at  ordinary  temperatures,  or  up  to  a  red  heat," 
and,  under  these  circumstances,  "  a  decomposition  took  place,  with 
evolution  of  oxygen."  In  the  present  communication,  these  state- 
ments will  be  confirmed  and  amplified,  except  that  it  will  be  shown 
that  the  reaction,  under  the  conditions  of  experiment,  commences  at 
about  300°. 

Lunge  {Sulphuric  acid  and  Alkali,  3,  106 — 109)  conducted  a  series 
of  experiments,  in  which  quicklime,  containing  variable  proportions 
of  water,  was  exposed  to  a  continuously  changing  atmosphere  of 
chlorine  in  a  bell-jar,  sealed  by  a  hydraulic  lute  of  sulphuric  acid  of 
specific  gravity  1'4.  The  only  results  of  special  importance  to  this 
enquiry  show  that,  if  the  amount  of  water  present  is  6'5  per  cent.,  the 
amount  of  so-called  available  chlorine  is  as  low  as  9'6 — 12'49  per 
cent.,  instead  of  40  per  cent.,  or  thereabouts.  I  have  also  been 
informed  that,  in  samples  of  bleaching  powder  sent  into  the  market, 
and  deficient  in  available  chlorine,  lumps  of  quicklime  are  found,^ 
which,  doubtless,  have  escaped  hydration  before  being  placed  in  the 
chambers. 

It  is  not,  of  course,  proposed  to  deal  in  any  way  with  the  composi- 
tion or  constitutional  formula  of  bleaching  powder ;  it  will  not,, 
therefore,  be  necessary  to  allude  to  the  literature  upon  this  subject. 

EXPEEIMENTAL. 

The  method  of  experiment  was  mainly  identical  with  that  described 
in  the  former  communication,  but  a  few  variations,  by  way  of  im- 
provement, were  introduced ;  I  am  indebted  to  Mr.  H.  B.  Baker  for 
kind  suggestions  upon  these  points. 

The  lime,  after  ignition  in  a  platinum  crucible,  was  placed  in  a 
piece  of  hard  combustion  tubing,  sealed  at  the  lower  end,  and  with  a 
constriction  at  the  upper  end ;  the  latter  was  partially  closed  with 
asbestos  fibre,  beyond  which  a  plug  of  phosphorus  pentoxide  was 
placed.  The  tube  up  to  the  constriction  was  heated  for  some  hours 
in  a  combustion  furnace,  then  allowed  to  cool  slightly,  and  cut  off  at 
the  constriction.  The  lime,  still  quite  hot,  was  then  poured  into  the 
U  -tube,  which  had  been  kept  heated  for  some  time  in  a  bath  of  nitre. 
It  was  hoped  that,  by  this  method,  all  traces  of  water  were  eliminated, 
not  only  from  the  lime,  but  also  from  the  walls  of  the  JJ-tube;  for,, 
though  glass  may,  for  all  practical  purposes,  be  dried  in  a  water  bath,, 
yet,  undoubtedly,  even  at  the  temperature  of  100°,  slight  traces  of 
water  are  persistently  retained. 

The  only  exposure  to  the  air,  and  the  operator  who  is,  unfortunately,, 
himself  producing  the  two  substances  capable  of  reacting  with  the 
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lime,  was  during  the  pouring  out  of  the  lime  from  the  combustion 
tube  into  the  U-tube. 

The  chlorine  gas,  generated  from  lump  manganese  peroxide  and, 
hydrochloric  acid,  was  puriBed  by  passing  through  a  wash-bottle 
containing  water,  and  surrounded  with,  black  paper,  to  prevent  the 
decomposition  of  the  chlorine  solution  into  hydrochloric  acid  and 
oxygen,  the  former  of  which  might  pass  through  the  apparatus. 

Before  any  experiments  were  made,  the  chlorine  was  passed  for 
some  hours  through  the  whole  system  of  water  and  sulphuric  acid 
bottles  and  phosphorus  pentoxide  tubes,  set  up  as  described  in  the 
former  communication,  so  as  to  diminish  the  risk  of  any  reaction 
between  the  last-named  substance,  or  impurities  contained  therein, 
whereby  hydrochloric  acid  might  be  generated,  and  thus  vitiate  the 
results. 

The  lime  used  was  free  from  iron  oxides,  alumina,  and  silica,  except 
minute  traces ;  the  proportion  of  chlorine,  as  chloride,  found  was 
0067  per  cent.,  a  value  which  would  not  materially  affect  the  results 
obtained. 

In  this  investigation,  the  amount  of  chemical  change  must  neces- 
sarily be  estimated,  not  only  by  synthetical,  but  also  by  analytical, 
methods,  since  one,  or  both,  of  two  reactions  may  take  place,  namely, 
the  direct  addition  of  chlorine  and  the  substitution  of  this  element 
for  the  oxygen. 

Synthesis. — For  this  purpose,  the  dried  chlorine  was  passed  into  the 
lime  contained  in  the  JJ**^^®  ^^^  heated  to  the  required  tempera- 
ture ;  to  ensure,  as  far  as  possible,  the  complete  reaction  between  the 
substances,  that  limb  of  the  \J  -tube  which  served,  in  any  experiment, 
for  the  entry  of  the  gas  was  made,  in  the  succeeding  experiment,  to 
serve  for  its  exit.  The  chlorine,  which  escaped  absorption  by  the 
lime,  after  passage  through  a  guard-tube  containing  phosphorus  pent- 
oxide  and  pumice,  was  collected  in  a  tared  vessel,  containing  a  con- 
centrated solution  of  soda.  At  the  conclusion  of  the  synthetical 
experiments,  a  current  of  air,  purified  from  carbon  dioxide  and  dried 
by  sulphuric  acid  and  phosphorus  pentoxide,  was  drawn  through  the 
U-tube,  so  as  not  only  to  remove  the  atmosphere  of  chlorine,  but 
also  to  eliminate  any  gas  which  might  mechanically  adhere  to  the 
lime.  The  sample  was  then  quickly  taken  out,  rubbed  up  in  a  mortar, 
and  introduced  into  a  dry  and  warm  weighing  tube. 

Methods  of  Analysis. — The  total  calcium  was  determined,  in  all  cases, 
as  the  sulphate,  by  evaporating  the  substance  with  sulphuric  acid, 
a  method  susceptible  of  great  accuracy. 

The  available  chlorine,  if  any,  was  determined  by  Bunsen's  iodo- 
metric  method,  and  half  the  amount  found  was  taken  as  the  chlorine 
present  in  the  form  of  hypochlorite. 

B  2 
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The  total  chlorine  was  determined,  in  those  cases  in  which  there 
was  evidence  of  the  production  of  oxygenated  chlorine  compounds,  by- 
destroying  these  by  boiling  with  a  solution  of  urea,  purified  from  a 
slight  impurity  of  chloride  by  allowing  it  to  stand  over  crystals  of 
silver  nitrate,  and  drawing  off  the  solution  as  occasion  required.  (It 
was  found  that  better  results  were  obtained,  when  dealing  with  sack 
small  quantities  of  oxygenated  chlorine  compounds,  by  using  urea 
rather  than  a  concentrated  solution  of  ammonia,  as  recommended  in 
most  manuals.)  The  solution,  with  the  partially  undissolved  lime, 
was  then  made  up  to  a  definite  volume,  the  whole  allowed  to  settle, 
and  the  amount  of  chlorine  determined  in  an  aliquot  portion,  after 
neutralisation  of  the  dissolved  lime  with  nitric  acid,  by  a  standard 
solution  of  silver  nitrate  of  the  strength  commonly  used  in  water 
analysis.  If  no  appreciable  quantity  of  oxygenated  chlorine  com- 
pounds was  present,  the  preliminary  treatment  with  urea  was,  of 
course,  omitted. 

The  free,  or  unaltered,  lime  was  determined  by  treatment  with  urea, 
evaporating  the  whole  to  dryness,  extracting  the  calcium  chloride 
with  alcohol  (recently  dehydrated  by  distillation  with  lime),  and 
then  evaporating  the  solid  residue  with  sulphuric  acid.  The  method 
was  much  simplified  in  the  absence  of  oxy-acids  of  chlorine ;  in  this 
case,  the  substance  was  dissolved  in  an  excess  of  a  dilate  standard 
solution  of  sulphuric  acid,  the  excess  being  subsequently  determined 
by  a  standard  solution  of  ammonia. 

The  results  obtained  by  the  analytical  and  synthetical  methods  are 
compared,  not  only  by  way  of  a  check,  but  also  for  the  indirect 
determination  of  the  amount  of  the  oxygen  eliminated  by  the 
chlorine. 

Effect  of  Temperature. 

Various  series  of  experiments  were  conducted,  in  order  to  deter- 
mine the  temperature  at  which  there  are  indications  of  a  chemical 
change ;  the  points  selected  were  20°,  40°,  100°,  200°,  300°,  and  352° 
(temperature  of  melting  nitre). 

After  passage  of  gas  for  V?\  hours,  there  was  practically  no  absorp- 
tion of  the  chlorine  by  the  lime  at  a  temperature  of  20°,  for,  though 
the  gas  was  passed  at  rates  varying  from  0"616  to  4"  733  grams  per 
hour,  yet  the  total  gain  in  weight,  in  terms  of  lime,  was  1"1  per  cent., 
and,  in  terms  of  chlorine  passed,  0'5  per  cent.,  the  greater  part  of  which 
was  in  the  first  experiment.     The  product  contained 

Chlorine  available   1*17 

Lime  free 98-87 

100-04 
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The  above  results  also  confirm  those  obtained  by  synthesis,  ia 
showing  that  the  lime  is  practically  unaltered. 

By  way  of  comparison,  the  above  experiment  was  repeated,  under 
otherwise  the  same  conditions,  except  that  the  hydrate  was  substi- 
tuted for  the  anhydrous  oxide.  A  recently  ignited  sample  of  the 
latter  was  hydrated,  under  conditions  which  precluded  the  access  of 
carbon  dioxide,  and  the  superfluous  water  was  removed  by  desiccation 
over  sulphuric  acid  and  then  analysed. 

Found.  Theory. 

Water  per  cent 24* 21  24H2 

Under  these  conditions,  about  95  per  cent,  of  the  gas  was  absorbed 
during  the  first  periods  of  exposure,  and,  subsequently,  about  10  per 
cent. ;  when  the  absorption  was  apparently  completed,  the  product 
was  taken  out,  and,  on  analysis,  the  following  results  were  obtained. 

Per  cent. 

Total  chlorine 43-33 

Available  chlorine. 41*94 

Free  lime 9-30 

Total  calcium 3071 

"Water 14-69 

The  results  would  point  to  the  following  composition. 

Bleaching  compound,  CaCl'OCl 74*85 

Calcium  chloride 2*01 

Free  lime 9-30 

Water 14*69 

100*85 

The  experiments  were  then  repeated  with  calcium  oxide  at  various 
temperatures,  the  first  point  selected  being  40°,  namely,  that  at  which 
the  formation  of  calcium  chloride  and  chlorate,  instead  of  hypo- 
chlorite, commences. 

Under  these  conditions,  the  gain  in  weight  was  only  0*1  per  cent, 
after  passage  of  the  chloi-ine  for  13|-  hours,  even  though  the  rate  of 
the  gas  was  purposely  varied  from  0*5  to  2  grams  per  hour.  The 
analysis  (I,  table,  p.  7)  showed  that  a  small  quantity  of  chlorate 
was  formed.  The  results  given  above  would  point  to  the  composi- 
tion given  under  I  in  table. 

At  a  temperature  of  103°,  after  passage  of  the  chlorine  for  12  hours, 
the  total  gain  was  less  than  1  per  cent.,  and  the  analysis  showed  that 
over  96  per  cent,  of  the  lime  remained  unaltered  (II,  p.  7).  Neg- 
lecting the  insignificant  amount  of  available  chlorine,  which  would 
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amount  only  to  O'OIS  per  cent,  of  chlorine  present  as  hypochlorite, 
the  results  point  to  the  composition  given  under  II. 

The  analytical  and  synthetical  results  compare  as  follows. 


Weiglit  of  r.me  originally 

Weight  of  material  after  experiment. 

taken. 

Found,                        Calculated. 

12  -707  grams 

12  -8149  grams 

12-8722  grams 

In  this  case,  also,  both  the  synthetical  experiment  and  analytical 
results  show  that  there  is  no  appreciable  amount  of  chemical  change 
between  the  reacting  substances. 
•  On  repetition  of  the  experiment  at  203°,  there  was  a  total  gain  in 
weight  of  3  per  cent.,  and  the  product,  on  analysis,  furnished  the 
results  given  under  III  (p.  7).  I^eglecting  the  available  chlorine, 
as  before,  these  results  point  to  the  composition  given  under  III. 

The  analytical  and  synthetical  results  compare  as  follows. 


Weight  of  lime  originally 

Weiglit  of  material  after  experiment. 

taken. 

Found. 

Calculated. 

12-0285  grams 

12-3985  grams 

12-408  grams 

The  above  results  show  that,  at  this  temperature,  there  is  some 
evidence  of  the  replacement  of  the  oxygen  by  the  chlorine,  though 
the  lime  is,  for  the  most  part,  as  yet,  unaltered. 

Another  experiment,  conducted  at  the  same  temperature,  led  to  a 
yery  similar  result,  and,  on  analysis,  the  following  numbers,  given 
under  IV  (p.  7),  were  obtained.     These  point  to  the  composition  IV. 

The  analytical  and  synthetical  resuslt  compare  as  under. 


Weight  of  lime  originally 

Weight  of  material  after  experiment. 

taken. 

Found. 

Calculated. 

12  -8848  grams 

13  -4638  grams 

13  -5037  grams 

The  composition  of  the  material  does  not  differ  much  from  that 
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obtained  in  preceding  experiments,  though  the  mass  of  chlorine  passed 
was  nearly  three  times  as  much  in  the  one  case  as  in  the  other.  Both 
series  of  experiments  show  that  the  amount  of  chemical  change  is 
very  small,  93  per  cent.,  or  thereabouts,  of  the  free  lime  being  re- 
covered unaltered. 

When,  however,  the  experiment  was  conducted  at  a  temperature 
•of  292°,  there  was,  in  the  first  pei'iod  of  four  hours,  a  gain  in  weight 
in  the  lime  of  8'3  per  cent.,  or,  to  put  the  result  in  another  form,  the 
percentage  gain  was,  to  the  amount  of  gas  unabsorbed,  in  the  ratio  of 
46'8  :  53'2  ;  in  a  second  period  of  four  hours,  there  was  a  considerable 
gain  in  weight,  but,  in  a  third  period,  the  alteration  was  inconsider- 
able.    The  analysis  of  the  product  is  given  under  Y  (see  below). 

The  analytical  and  synthetical  results  compare  as  under. 


"Weight  of  lime  taken. 

Weight  of  material  after  experiment. 

Found. 

Calculated. 

12  -897  grams. 

15  •  6578  grams 

15  -4073  grams 

I 


The  material  obtained  at  the  conclusion  of  the  synthetical  experi 
ment  was  a  hard,  caked-together  mass,  which  was  removed  only  with 
•difficulty  from  the  experimental  JJ-tube.  The  results  show  thatj  at 
this  temperature,  there  is  a  considerable  amount  of  replacement  of 
the  oxygen  of  the  lime  by  the  chlorine,  rather  less  than  two-thirds  of 
the  lime  taken  being  unaltered  at  the  end  of  the  process. 


I 


Analyses .... 

I. 

At  40°. 

II. 
At  103°. 

III. 
At  203°. 

IV. 

At  203°. 

V. 

At  292°. 

Total  chlorine 

Available  chlorine. . . 

Free  lime 

Total  calcium 

3  14 

1-78 

95-08 

69-84 

2-52 

0-03 

96-37 

69-84 

4-15 
0-004 
93  -50 

68-85 

5-28 
0-003 
93-19 
67-51 

24-93 

64-76 
56-63 

Composition. .  . . 

I. 

II. 

III. 

IV. 

V. 

Free  lime 

95-08 
2-58 
1-79 
0-66 

96-37 
3-97 

93-50 
6-41 

93-19 
6-57 

64  -76 

Calcium  chloride. . . . 
„      hypochlorite 
„      chlorate .... 

35-32 

100-11 

100-34 

99  -91 

99-76 

100-08 
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Lastly,  a  series  of  experiments  was  conducted  at  the  temperature 
of  melting  nitre  352°,  and  the  results  obtained  showed  that  a  con- 
siderable reaction  takes  place  at  first,  and,  afterwards,  the  lime  is 
slowly  converted  into  calcium  chloride;  probably  the  latter  cakes 
roand  the  unaltered  lime,  and  thus  prevents  a  very  intimate  contact 
of  the  gas  in  its  passage.  The  material  obtained  was  detached 
from  the  tube  with  even  greater  difficulty  than  in  the  preceding 
series ;  during  this  manipulation,  there  was,  doubtless,  some  absorp- 
tion of  moisture  by  the  material,  which  contained  such  a  large  pro- 
portion of  calcium  chloride. 

Results  of  Analysis. 

Per  cent. 

Free  lime 38-82 

Calcium  chloride 56'09 

Water  (by  difference) 5"09 

The  results,  however,  suffice  to  show  that  a  difference  of  50°  prac- 
tically causes  a  reversal  of  the  percentage  proportions  of  the  oxide 
and  the  chloride.  It  was  not  thought  necessary  to  examine  the 
chemical  reaction  at  any  higher  temperature  by  the  method  described,, 
owing  to  the  manipulative  difficulties  involved  in  the  process. 

Co7iclusion. 

I.  Dry  chlorine  does  not  combine  with  dry  lime,  at  ordinary  tem- 
peratures, to  form  the  so-called  bleaching  powder. 

II.  'No  appreciable  chemical  change  is  observable  between  these 
two  substances  below  a  temperature  of  300",  when  a  partial  replace- 
ment of  oxygen  by  chlorine  takes  place ;  under  these  conditions,  the 
reaction  is  analogous  to  that  of  baryta  and  chlorine,  not  specially 
dried,  and  at  ordinary  temperatures. 

It  is  proposed  to  continue  these  investigations  in  the  case  of  other 
a,nhydrous  oxides  and  acidic  gases. 

I  would  express  my  thanks  to  Mr.  G.  B.  Cronshaw,  of  Queen's 
College,  for  his  care  and  attention  in  carrying  out  the  analytical 
work  of  this  investigation. 

The  University  Museum, 
Oxford: 


IT. — Formation  of  Pyrroline  Derivatives  from  Aconitic 

add. 
By  S.  RuHEMANN,  Ph.D.,  M.A.,  and  F.  E.  Allhusen,  B.A.,  Jesua 

College. 

The  experiments  described  in  this  paper  are  a  continuation  of  the- 
work  on  the  conversion  of  fatty  acids  into  pyridine  derivatives,  which 
has  been  the  subject  of  several  communications  to  this  Society  and  to 
the  Berichie.  It  may  be  pointed  out  that  the  transformation  of 
ethylic  acetylcitrate  and  of  ethylic  aconitate  into  citrazinamide  was 
the  starting  point  of  the  enquiry,  and  we  have  resumed  the  study  of 
aconitic  acid  with  the  object  of  further  testing  the  view  as  to  the 
constitution  of  pyridine  deduced  from  the  formation  of  the  amide  of 
dihydroxyisonicotinic  acid,  and  of  examining  more  carefully  the 
substances  which  have  been  obtained  from  it,  and  which  were  de- 
scribed some  time  ago  {Ber.,  20,  3369  ;  21,  1247). 

The  result  of  the  experiments  now  recorded  is  the  transformation 
of  aconitic  acid  into  pyrroline  derivatives,  brought  about  by  the 
action  of  aniline  on  the  ethereal  salt  of  dibromotricarballylic  acid, 
obtained  by  combining  ethylic  aconitate  with  bromine.  The  aconitic 
acid  was  prepared  by  Hentzschel's  method  (J.pr.  Chem.,  [2],  35,  205), 
which  gave  even  a  better  yield  than  that  indicated  by  the  author ; 
its  ethereal  salt,  prepared  in  the  usual  manner,  was  then  transformed 
into  ethylic  dibromotricarballylate  in  the  following  manner,* 

6'7  grams  of  bromine  (a  little  more  than  the  required  quantity)- 
were  added  in  portions  to  a  solution  of  10  grams  of  ethylic  aconitate 
in  20  grams  of  carbon  tetrachloride,  contained  in  a  bottle,  surrounded 
by  cold  water,  and  exposed  to  strong  sunlight.  The  rapidity  with 
which  the  halogen  is  taken  up  was  found  to  depend  on  the  intensity 
of  the  light,  combination  being  complete  in  some  of  the  experi- 
ments after  40  minutes,  whilst  in  others  an  hour's  exposure  was 
required.  In  all  cases,  hydrogen  bromide  was  formed,  the  amount 
increasing  in  proportion  to  the  diminished  intensity  of  the  light. 
On  some  occasions,  when  part  only  of  the  bromine  had  been  added  to- 
the  mixture,  and  on  account  of  absence  of  bright  sunlight  the  opera- 
tion could  not  be  completed  the  same  day,  dense  fumes  of  hydrogen 
bromide  were  evolved  on  opening  the  bottle,  and  the  absorption  of 
the  remaining  bromine  was  much  delayed.  After  the  carbon  tetra- 
chloride and  the  small  excess  of  the  halogen  had  been  distilled  off  on 

I  owe  the  directions  for  the  preparation  of  the  ethereal  salt  of  dibromotricarb- 
allylic acid  to  Mr.  A.  Michael,  and  I  gladly  avail  myself  of  this  opportunity  of' 
expressing  my  thanks  to  him. — S.  R. 
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the  water  bath,  the  residual  yellow  oil  was  heated  in  a  vacuum,  at 
150°,  in  order  to  remove  the  remainder.  The  ethylic  salt  thus  ob- 
tained, amounting  to  15  grams  (theory  requires  16"2  grams),  was  not 
•distilled,  as  this  causes  it  to  undergo  partial  decomposition.  Its 
-density  was  1*5354  at  21°/2l° ;  an  analysis  was  made  of  the  addition 
.product,  purified  in  the  manner  described. 

0-3730,  by  Carius'  method,  gave  0-3367  AgBr.    Br  =  38-41. 
C3H3Br2(C02Et)3  requires  Br  =  38-28  per  cent. 

Action  of  Baryta  on  Ethylic  Dihromotricarhallylate. 

This  action  was  studied  with  the  object  of  displacing  the  halogen 
in  the  ethylic  salt  by  hydroxy!  groups,  thus  converting  it  into 
hydroxycitric  acid,  the  acid  which  Pawolleck  {Annalen,  178,  157) 
obtained  by  the  action  of  lime  on  chloraconitic  acid,  the  product  of 
the  addition  of  hypochlorous  acid  to  aconitic  acid.  It  was  found, 
however,  that  under  the  influence  of  baryta  the  salt  underwent 
decomposition,  yielding  barium  bromide  and  the  barium  salts  of 
oxalic  acid  and  succinic  acid.  The  ethylic  salt  was  heated  on  a 
sand  bath,  with  excess  of  an  aqueous  solution  of  barium  hydroxide, 
in  a  flask  attached  to  a  reflux  condenser ;  the  reaction  took  place  very 
readily,  the  oil  gradually  disappeared,  and  a  yellow  precipitate  was 
formed,  which  was  collected  and  washed  with  hot  water  until  the 
filtrate  was  almost  fi'ee  from  barium.  This  precipitate  consisted  for 
the  most  part  of  barium  oxalate,  as  was  proved  by  an  analysis  of  the 
-acid  obtained  from  it. 

The  filtrate  was  freed  from  barium  by  dilute  sulphuric  acid,  the 
solution  concentrated,  and  the  crystals  which  separated  as  the 
solution  cooled  were  washed  with  concentrated  hydrochloric  acid 
and  recrystallised  from  water.  They  were  proved  to  be  succinic  acid 
by  the  ordinary  tests,  and  by  analysis  of  the  acid  and  of  its  silver 
salt. 

The  formation  of  oxalic  and  succinic  acids  from  ethylic  dibromo- 
tricarballylate  by  the  action  of  baryta  might  be  supposed  to  involve 
the  formation  first  of  hydroxycitric  acid,  which  then  undergoes  de- 
■composition,  as  indicated  by  the  equation 

CH(OH)-COOH 

C(OH).COOH      =  9OOH        CH.COOH^ 

ik-COOH  COOH        CH.-COOH 

The  fact,  however,  that  hydroxycitric  acid  is  formed  from  chloro- 
citric  acid  by  boiling  it  with  lime  water  renders  this  explanation 
improbable,  and  leads  to  the  view  that  baryta  removes  hydrogen 
bromide  from  the  salt,  and   that   the   resulting   bromaconitic  acid, 
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CBrCOOH 

C'COOH     ,  is  ti'ansformed  into  hjdroxyaconitic  acid,  whicli  finally 

CHa-COOH 

undergoes  decomposition  as  follows. 

C(OH)-COOH 

y.COOH  +  H.O  =  9OOH        CH.COOH 

6h,C00H  CC)0H        CH..COOH 

This  view  is  sapported  by  the  behaviour  of  one  of  the  products 
formed  by 

The  Action  of  Aniline  on  Ethylic  Dibromtricarhallylate. 

It  was  found  that  aniline  acted  on  the  ethylic  salt  at  the  ordinary 
temperature  with  development  of  heat,  and,  after  about  an  hoar, 
aniline  hydrobromide  separated.  The  action,  however,  took  place 
more  readily  on  heating  a  mixture  of  the  ethylic  salt  with  an  excess  of 
aniline  on  the  water  bath,  and  was  completed  after  an  hour's  diges- 
tion. The  aniline  hydrobromide  was  filtered  off,  washed  with  ether, 
and  the  excess  of  aniline  extracted  from  the  dark  brown,  ethereal 
filtrate  by  shaking  it  with  dilute  sulphuric  acid.  On  distilling  off  the 
ether,  a  dark,  viscous  oil  remained,  from  which  needles  separated 
after  standing  several  hours  in  a  vacuum  over  sulphuric  acid ;  these 
were  collected,  washed  with  a  little  ether,  and  frequently  recrystal- 
lised  from  the  same  solvent,  when  colourless  needles  were  obtained, 
very  soluble  in  alcohol,  and  melting  at  87 — 88°.  The  substance  was 
dried  in  a  vacuum  over  sulphuric  acid,  and  analysed. 

0-2220  gave  0-1140  H^O  and  0-5170  CO^.     C  =  63-50;  H  =  5-7. 
0-2500    „     0-1288     „      „     0-5845     „       C  =  63-74;  H  =  57. 
0-2595     „      10-5  c.c.  of  moist  nitrogen  at  18°  and  765  mm.  N"  =  4'7. 
CisHnNOs  requires  C  =  6337;  H  =  5-61;  N  =  462  per  cent. 

This  compound,  as  shown  below,  is  to  be  regarded  as  ethylic 
anhydroanilaconitate,  and  its  constitution  is  expressed  by  one  of  the 
formultB 

^^^Co'^'     or  C00aH,.C-N-C«H5  ^ 

COOC^H^-CH.-C-COOC^Hs  C00C,E.,-C1I,-G-C0 

The  filtrate  from  this  substance,  after  removal  of  the  ether,  was  a 
dark  brown,  viscous  mass  from  which  no  crystals  separated  even  after 
several  weeks.  On  attempting  to  distil  it  in  a  vacuum,  decomposition 
took  place  at  a  temperature  above  300°,  the  mass  charred,  and  a 
liquid  passed  over  having  a  distinct  cyanate  odour;  the  distillate 
partially  solidified  to  a  mass  of  colourless  crystals  which,  after  re- 
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crystallisation  from  hot  alcohol,  melted  at  235°,  and  was  recognised 
as  diphenylcarbamide. 

0-2495  gave  28'8  c.c.  moist  nitrogen  at  19°  and  760  mm.     N  =  13-26. 
CO(NH-C6H5)3  requires  N"  =  13-20  per  cent. 

If,  however,  the  above-mentioned  viscous,  brown  product  was- 
heated  to  a  temperature  of  260 — 260°,  a  small  quantity  of  colourless 
crystals  of  diphenylcarbamide  came  over,  whilst  the  liquid  remain- 
ing in  the  flask  solidified  to  a  brown,  crystalline  mass.  This,  on 
crystallisation  from  alcohol,  gave  yellowish  plates  insoluble  iu  ether, 
but  soluble  in  hot  spirit.  This  substance  melted  at  181°,  and,  on 
analysis,  gave  numbers  which  agree  with  the  formula  CieHnNOs. 

I.  0-2025  gave  0-1060  H^O  and  0-4715  CO^.     C  =  63-50 ;  H  =  5-81.. 
11.  0-2330    „     10  c.c.  moist  nitrogen  at  18°  and  744  mm.  N  =  4-84. 
CisHnNOa  requires  C  =  63-37;  H  =  5  61 ;  IS"  =  462  per  cent. 

It  is  isomeric  with  the  substance  melting  at  87 — 88°  (p.  11)  ;  its 
constifcution,  as  shown  below,  may  be  represented  by  the  symbol 

COOC2H5.C— CH 
COOC^Hs-C     C'OH  . 

N-CeHs 

The  compound  appears,  therefore,  to  be  a  derivative  of  pyrroline,, 
namely,  ethylic  phenylpyrrolonedicarboxylate. 

Ethylic  Anhydroanilaconitate. 

The  formulae  assigned  to  this  substance  (p.  11)  are  both  in  ac- 
cordance with  the  behaviour  of  the  compound  towards  ammonia  and 
alkalis.  When  left  in  contact  with  concentrated  ammonia,  it  was 
gradually  dissolved,  and,  on  adding  hydrochloric  acid  to  the  solution, 
it  became  turbid,  and  the  original  substance  separated  in  colourless 
needles  melting  at  87 — 88°.     The  ammoniacal  solution,  no  doubt, 

^  .NH-CeHs 
contains  the  ammomium  salt,  ii^C00NH4,  and   the 

COOaHs-CH^-C-COOCiiHs 
acid  salt  formed  on  acidifying  then  loses  water,  and  the  original  sub- 
stance is  reproduced.  On  boiling  the  substance  with  concentrated 
potash  in  a  flask  attached  to  a  reflux  condenser,  it  dissolved,  but  an 
oil  soon  separated,  and  was  identified  as  aniline.  This  action  agrees 
with  the  formulae  assigned  to  ethylic  anhydroanilaconitate. 

The  same  decomposition  takes  place  on  heating  the  ethereal  salt 
with  baryta;  the  products  are  aniline  and  a  precipitate  consisting  of 
the  barium  salts  of  oxalic  and  succinic  acids.  The  latter  of  these 
acids  was  isolated,  and  identified  by  its  reactions  and  by  an  analysis. 
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The  action  of  potash  or  baryta  on  ethylic  anhydroanilaconitate 
tnay  be  represented  as  follows. 
N-CeHa 

M^CO  C(OH)-COOH 

C-COOH      +  2H2O  =  C-COOH  +  CeHj-NHa. 

CHa-COOH  CH/COOH 

The  hydroxyaconitic    acid,   however,  simultaneously    takes  up  a 
molecule  of  water,  and  is  resolved  into  oxalic  and  succinic  acids. 

Ethylic  Phenylpyrrolonedicarhoxylate 
probably  owes  its  formation  to  the  presence  of  ethylic  auilidoaconitate, 

n^COOCaHj,  in  the  filtrate  from  the  substance  melt- 
COOCjHj-  CH2-C-COOC2H5 

ing  at  87 — 88°.  Tbis  compound  may  be  regarded  as  the  first  product 
of  the  interaction  of  aniline  and  ethylic  dibromotricarballylate,  which 
then  loses  one  molecule  of  alcohol  yielding  either  ethylic  anhydro- 
anilaconitate  or  ethylic  phenylpyrrolonedicarhoxylate.  That  the  view 
expressed  above  with  regard  to  the  constitution  of  the  latter  salt  is 
correct  is  rendered  probable  by  the  change  it  undergoes  when  heated 
with  ammonia  and  potash. 

Action  of  Ammonia. — Strong  aqueous  ammonia  dissolves  the  com- 
pound when  left  in  contact  with  it  for  several  hours,  and  a  blood-red 
liquid  is  formed  which  gradually  deposits  red  crystals,  readily  soluble 
in  water.  On  adding  hydrochloric  acid  to  the  red  solution,  however, 
the  colour  disappears,  and  a  yellowish  precipitate  is  thrown  down 
which  is  almost  insoluble  in  water  and  in  alcohol,  and  decomposes 
without  melting  when  heated.  It  was  purified  by  dissolving  it  in 
ammonia,  reprecipitating  with  acid,  and  washing  with  water.  The 
substance  was  dried  at  100°  and  analysed. 

I.  0-2230  gave  0-0835  H^O  and  0-4815  CO2.    C  =  58-88  ;  H  =  4-16. 
II.  0-2370    „      24  c.c.  moist  nitrogen  at  18°  and  753  mm.  N  =  11-58. 

CuHioNsOi  requires  C  =  58-52  ;  H  =  4-06  ;  N"  =  11-38  per  cent. 

The  results  of  the  analyses  indicate  that  this  compound  is  the  acid 
amide  of  phenylpyrrolonedicarboxylic  acid.     Its  behaviour  character- 
ises it  as   such,    and   its   constitution   will  be   represented  by    the 
CONHa-C— CH2  COOH-C— CH 

formula    COOH-C     C-OH  or  by  CONH^-C     C -OH.  It  is  readily  dis- 

\/  \/ 

N-CsHs  N-CHs 

solved  by  alkalis,  and  is  precipitated  unchanged  on  the  addition  of 

mineral  acids.     If  boiled  with  potash,  however,  ammonia  is  evolved, 

and  the  alkaline  solution  then   yields  a  precipitate  of  pyrrolonedi- 

carboxylic  acid  on  the  addition  of  an  acid. 
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Action  of  Potash  on  the  Ethereal  Salt. — The  presence  of  a  hydroxy! 
group  in  the  ethereal  salt  follows  from  the  fact  that  the  pyrroline 
derivative  is  soluble  in  dilute  alkalis,  and  that  it  is  precipitated  un- 
changed from  the  solution  on  adding  an  acid.  If,  however,  the  solu- 
tion is  boiled  with  strong  potash  for  about  30  minutes  in  a  flask 
attached  to  a  reflux  condenser,  hydrolysis  takes  place,  and,  on  acidi- 
fying and  cooling,  almost  colourless  needles  separate ;  these  are 
slightly  soluble  in  cold  and  fairly  easily  in  boiling  water.  The 
ethereal  salt  is  also  hydrolysed  by  heating  it  with  water  for  several 
hours,  the  yellow  plates  of  the  salt  gradually  disappearing,  and  being 
replaced  by  colourless  needles.  These  melt  at  227",  but  decompose. 
On  analysis,  numbers  were  obtained  which  agree  with  those  required 

COOH'C— CH 
by  the  formula  COOH-C     C-OH. 

N-CeHs 

I.  0-2090  gave  0-0715  H2O  and  0-4475  CO2.     C  =  58-36 ;  H  =  3-80. 

11.  0-2495     „      12-5  c.c.  moist  nitrogen  at  16°  and  755  mm.  N"  =  5-82. 

CzHaNOs  requires  C  =  58-30 ;  H  =  3-05 ;  N  =  5-67  per  cent. 

On  heating  pyrrolonedicarboxylic  acid  with  lime,  an  oil  having  n 
distinct  odour  of  pyrroline  is  formed;  this  gives  the  characteristic 
test,  colouring  fir-wood  red,  after  it  has  been  moistened  with  hydro- 
chloric acid.  We  intend  to  further  study  this  acid  and  the  pyrrolone- 
formed  from  it. 

The  behaviour  of  eihylic  dibromotricarballylate  with  ethylic  sodium 
malonate  was  found  to  be  similar  to  that  of  the  ethereal  salts  of 
bromomalonic  acid  and  its  homologues  (Ruhemann,  Ber.,  26,  2356). 

To  1-2  grams  of  sodium,  dissolved  in  20 — 30  grams  of  absolute 
alcohol,  were  added  7-7  grams  of  ethylic  malonate,  and  then  10  grams 
of  the  ethereal  salt  of  the  dibromo-acid.  Action  readily  took  place, 
and  was  completed  by  heating  for  about  30  minutes  on  the  water 
bath.  On  adding  water,  an  oil  separated,  which  was  dissolved  by 
agitation  with  ether,  and  the  ether  removed  bj-  distillation.  On 
standing  over  night,  the  oily  residue  deposited  colourless  needles,, 
which,  after  recrystallisation  from  dilute  alcohol,  melted  at  76°. 

0-2150  gave  01345  H2O  and  0*4175  CO2.     C  =  52  91 ;  H  =  695. 
CuHjjOs  requires  C  =  52*83 ;  H  =  6-91  per  cent. 

This  substance  is  ethylic  ethanetetracarboxylate, 
(_C00C,U,),CR-C11(C00C,U,)„ 

which  Conrad  and  Bischoff  (Annalen,  214,  68)  obtained  from  ethylic 
chlormalonate  and  ethylic  sodiomalonate. 
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The  filtrate  from  ethylic  ethanetetracarboxylate  consisted  chiefly  of 
ethylic  malonate  and  aconitate  ;  their  separation  was  effected  by  fi-ac- 
tional  distillation  in  a  vacuum.  The  portion  boiling  betAveeu  184° 
and  186°  under  a  pressure  of  25  mm,  was  analysed. 

0-2090  gave  0-1350  H^O  and  0-4280  COo.     C  =  5584 ;  H  =  7-17. 

CijHisOs  requires  C  =  55-81 ;  H  =  6 '9 7  per  cent. 
Action  takes  place,  therefore,  according  to  the  equation 

CHBr-COOaHs 
2CHNa(C00C.H.).  +  cOOC.H.CH.6Br.COOC.H.      = 

2I^aBr  +  9H(C00C.H,).  CH-COOC.H, 

In  conclusion,  we  express  our  best  thanks  to  ^Ir.  A.  F.  Shoyei",  of 
Trinity  Hall,  for  the  help  he  has  given  us,  more  especially  at  the  be- 
ginning of  this  work. 

Gonville  and  Caius  College, 
Cambridge. 


III. — Preparation  and  Properties  of  Bromolapachol. 
By  Samuel  C.  Hooker. 

Ik  my  researches  on  the  constitution  of  lapachol  and  its  derivatives,. 
I  have  shown  that  these  substances  are  of  peculiar  interest,  owing  to 
the  changes  which  readily  occur  in  the  quinone  group,  some  of  the 
compounds  being  derivatives  of  a-naphthaquinone,  and  some,  deriva- 
tives of  /3-naphthaquinone. 

In  order  to  furnish  further  examples  of  these  changes,  and  in  the 
hope  of  subsequently  being  able  to  formulate  some  general  rules 
regarding  them,  I  have  prepared  the  compounds  described  in  this 
paper. 

The  preparation  of  dibromo-^-lapachone  was  described  in  a  paper 
recently  presented  to  the  Society  (Trans.,  1893,  63,  424) ;  this  com- 
pound, which  can  he  readily  obtained  in  comparatively  large  quanti- 
ties by  following  the  directions  there  given,  has  furnished  the  material 
for  this  investigation. 

In  a  previous  communication,  I  discussed  at  length  the  reconversion 
of  bromo-^-lapachone  into  lapachol  (Trans.,  1892,  61,  615).  I  have 
now  found  that  dibromo-y3-lapachone  may  be,  in  like  manner,  readily 
converted  into  bromolapachol.  The  preparation  of  bromolapachol  in 
this  indirect  manner  is  the  more  interesting  because  it  has  so  far- 
proved  impossible  to  obtain  a  simple  bromine  derivative  of  lapachol 
by  the  direct  action  of  bi'omine. 
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I  Lave  previously  called  attention  (Trans.,  1892,  61,  621)  to  tlie 
Tery  remarkable  change  wliicli  /3-lapaclione  undergoes  in  contact  with 
•concentrated  hydrochloric  acid,  being  thereby  quantitatively  con- 
verted into  a-lapachone.  It  was  also  shown  at  the  same  time  that 
a-lapachone  can  be  quantitatively  reconverted  into  /3-lapachone  by 
merely  dissolving  it  in  concentrated  sulphuric  acid.  Similar  changes 
occur  with  the  bromolapachones  described  in  this  paper.  The 
relation  between  these  compounds  is  shown  in  the  following  formulae. 


(?)BrL      1    /'O  by  H2SO4      (?)  Br'        '         l-Q 

o  o 

«'-Bromo-|3-lapachone.*  w'-Bromo-a-lapachone. 

-w^-Bromo-yS-lapachone  is  an  orange-red  compound  which  melts  at 
;about  205° ;  it  interacts  very  readily  with  orthotoluylenediamine 
yielding  a  yellow  azine. 

w*-Brom-a-lapachone  is  a  pale  yellow  substance  which  fuses  at 
172-6— 173-5°.  O 

On  boiling  with  dilute  aqueous  alkalis,  .-^ N^  ^CsHio-OH 

both  compounds  are  readily  converted  into     /?«>  x>  I       |       Utt 
ithe  same  bromhydroxyhydrolapachol,  .  X/X/ 

Experimental   Part. 

Bromolapachol, 

(OBrlJJoH 

o 

To  prepare  bromolapachol,  10  grams  of  finely-powdered  dibromo- 
i^-lapachone  are  moistened  with  a  10  per  cent,  solution  of  sodium  hydr- 
oxide, and  very  thoroughly  ground  to  a  paste ;  the  quantity  of  the 
alkaline  solution  is  then  gradually  increased  until  100  c.c.  in  all  have 
been  used,  the  mixing  being  continued  so  as  to  insure  entire  freedom 
from  lumps.  The  solution  with  the  substance  in  suspension  is  then 
transferred  to  a  small  flask,  10  grams  of  zinc  dust  are  added,  and  the 
flask  is  loosely  corked,  and  slightly  agitated  at  intervals  during  an 
hour,  after  which  its  contents  are  rinsed  out  and  diluted  with  about 

*  This  compound  is  isomeric  with  the  bromo-j8-lapachone  previously  described 
'(Trans,  1892,  61,  638),  obtained  by  tlie  action  of  bromine  on  lapachol.  I  have 
•added  the  prefix  n'  to  its  name  for  purposes  of  distinction,  intending  to  convey  by 
•the  same  that  the  bromine  is  situated  in  the  naphthalene  ring,  but  that  its  exact 
jjosition  has  yet  to  be  determined. 
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1500  c.c.  of  water.  The  zinc  dust  is  separated  as  completely  as  pos  • 
sible  by  decantation,  and  the  diluted  solution  is  then  oxidised  by 
drawinsr  air  through  it  by  means  of  an  ordinary  filter  pump.  When 
the  oxidation,  which  usually  takes  some  hours,  is  complete,  the  solution 
is  of  a  rich  claret  colour,  and  can  be  readily  filtered  off  from  the 
green,  orange,  and  other  particles  in  suspension.  The  solution  should 
remain  absolutely  bright  after  filtration :  if  it  passes  through  the 
filter  paper  with  difficulty,  or  if  a  film  forms  over  its  surface,  the 
oxidation  is  incomplete  and  should  be  continued.  When  thoroughly 
oxidised,  the  solution  is  poured*  into  an  excess  of  dilute  hydrochloric 
acid,  and  the  resulting  light  yellow  precipitate  is  washed  and  dried. 
Bromolapachol  is  thus  obtained  in  a  pure  form,  the  yield  being 
6  grams.  The  reactions  involved  in  its  formation  are  precisely 
similar  to  those  concerned  in  the  reconversion  of  bromo-y8-lapachone 
into  lapachol  (Trans.,  1892,  61,  615  and  642),  and  need  no  further 
explanation  here. 

Bromolapachol  may  be  obtained  crystallised  in  leaflets  very  closely 
resembling  lapachol,  by  boiling  the  substance,  as  above  obtained,  with 
a  quantity  of  alcohol  insufficient  to  dissolve  it.  When  a  larger 
quantity  of  alcohol  is  used  and  the  substance  passes  entirely  into 
solution,  it  is  redeposited,  on  cooling,  in  very  charactei'istic,  golden 
scales,  which  resemble  flattened  needles.     It  melts  at  170 — 171". 

The  substance,  crystallised  from  alcohol,  gave  the  following  figures 
on  analysis. 

01570  gave  0-3218  CO2  and  0606  H^O.     C  =  55-90 ;  H  =  4-28. 

0-1679     „     0-0975  AgBr.     Br  =  24-71. 

CijHiaBrOs  requires  C  =  56-07;  H  =  4-04;  Br  =  24-92  per  cent. 

Bromolapachol  can  be  reconverted  into  dibromo-/3-lapachone  by  the 
action  of  bromine.  The  change  corresponds  precisely  to  the  forma- 
tion of  bromo-yS-lapachone  from  lapachol  (Trans.,  1892,  61,  639). 
1  gram  of  bromolapachol  dissolved  in  35  c.c.  of  chloroform  was  added 
to  0-5  gram  of  bromine  in  15  c.c.  chloroform.  After  standing  a  few 
minutes,  the  chloroform  was  distilled  off  from  a  water  bath,  and  the 
residue  dissolved  in  10  c.c.  of  boiling  alcohol ;  dibromo-yS-lapachone 
began  to  crystallise  out  almost  immediately;  0-95  gram  was 
•obtained.f 

Bromolapachol  dissolves   in  concentrated   sulphuric  acid  forming 

*  Not  vice  versa,  or  the  precipitated  bromolapachol  will  enclose  considerable 
-quantities  of  its  undecomposed  zinc  salt. 

t  The  mother  liquor  was  allowed  to  stand  for  some  time  ;  it  slowly  deposited 
yellow  needles  in  small  quantity,  believed  to  be  the  previously  described  compound, 
2Ci5Hi3Br303,HBr  (Trans.,  1893,  63,  433),  which  it  resembled  in  appearance  as 
well  as  in  its  properties,  as  far  as  the  small  quantity  obtained  rendered  comparison 
possible. 

VOL.  LXV.  0 
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an  intensely  orange-red  solution,  from  which  w^-bromo-/3-lapachone  is 
precipitated  on  adding  water. 

On 

n'-Bromo-fi-lapacJione, 

O 

This  compound  is  formed  by  the  action  of  concentrated  sulphuric 
acid  on  hromolapachol,  on  bromhydroxyhydrolapachol,  and  oq 
«.*-brom-a-lapachone ;  in  all  three  cases  the  conversion  occurs  quan- 
titatively. It  is  most  conveniently  prepared  by  dissolving  5  grams 
of  bromolapachol  in  25  c.c.  of  concentrated  sulphuric  acid,  and  pour- 
ing the  solution  into  a  relatively  large  volume  of  water ;  bromo-/3- 
lapachone  separates  in  a  crystalline  condition,  and,  when  well  washed, 
is  pure  enough  for  most  purposes.  For  analysis,  it  was  crystallised 
from  alcohol. 

I.  0-1815  gave  0-3759  COj  and  0-0758  H2O.  C  =  56-48  ;  H  =  4-64. 
*II.  0-1864  „  0-3832  „  „  0-0736  „  C  =  56-06 ;  H  =  4-38. 
III.  0-1212     „     0-0716  AgBr.     Br  =  2513. 

CisHisBrOa  requires  C  =  56-07  ;  H  =  4-04 ;  Br  =  24-92  per  cent. 

n*-.Bromo-/3-lapachone  separates  from  alcohol  in  orange-red  needles, 
which  slowly  darken  on  exposure  to  diffused  daylight.  It  melts  and 
decomposes  at  about  205°  when  the  temperature  is  rapidly  raised,  and 
at  lower  temperatures  when  more  slowly  heated.  It  dissolves  in 
most  of  the  organic  solvents  without  difficulty,  although  it  is  in  most 
cases  considerably  less  soluble  than  ;3-lapachone,  which  it  closely 
resembles  in  appearance  as  well  as  in  its  reactions.  It  is  converted 
by  hydrogen  bromide  or  chloride  into  n*-brom-a-lapachone,  and  by 
boiling  aqueous  alkalis  into  bromhydroxyhydrolapachol. 

w^-Bromo-/3-lapachone  combines  very  readily  with  orthotoluylene- 
rliamine,  in  acetic  acid  solution,  giving  a  yellow  azine  which  dissolves 
in  concentrated  sulphuric  acid,  forming  an  intensely  violet  solution. 

rv'-Brom^a.-lavaclione,  I         • 

(P)Brl^;-0 

o 

This  compound  can  be  readily  obtained  by  the  action  of  hydrogen 
bromide  on  the  corresponding  ^-lapachone.  Ifc  is  most  conveniently 
prepared  as  follows.  4  grams  of  ?i*-bromo-y3-lapachone,  free  from 
large  crystals  or  lumps,  are  immersed  in   120  c.c.  of  a  solution  of 

*  I  am  indebted  to  Mr.  Ellwood  Wilson  for  this  combustion. 
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hydrogen  bromide,  sp.  gr.  1"49.  The  acid  is  then  slowly  heated, 
being  finally  kept  at  a  temperature  just  below  its  boiling  point,  until 
the  orange  crystals  have  disappeared  and  entirely  given  place  to  yellow 
ones,  a  change  which  soon  occurs.  When  the  solution  is  cold,  it  is 
diluted  with  water,  and  the  compound  is  collected  and  thoroughly 
washed.  It  may  be  further  purified  by  crystallisation  from  alcohol^ 
in  which  it  is  not  very  soluble. 

0-2039  gave  0-4180  COo  and  0-0765  H2O.     C  =  55-90 ;  H  =  4-16. 
0-1463     „     0-0875  AgBr.     Br  =  25'45. 
CisHizBrOs  requires  C  =  5607  ;  H  =  404 ;  Br  =  2492  per  cent. 

«*-Brom-a-lapachone  crystallises  from  alcohol  in  pale  yellow  scales 
or  plates  which  melt  at  172-5 — 173-5°. 

If  the  compound  is  dissolved  in  concentrated  sulphuric  acid,  and 
the  solution,  after  standing  about  15  minutes,  is  poured  into  an  excess 
of  water,  the  isomeric  n*-bromo-y3-lapachone  is  obtained  as  an  orange^ 
crystalline  precipitate. 

n*-Brom-a-lapachone  is  converted  by  boiling  aqueous  alkalis  inta 
bromhydroxyhydrolapachol.  A  2  per  cent,  solution  of  sodium  hydr- 
oxide is  conveniently  used  for  the  purpose,  the  boiling  being  con- 
tinued until  the  greater  part  of  the  compound,  which  should  be  finely 
pulverised,  is  dissolved.  The  filtered  alkaline  solution  is  acidified 
with  acetic  acid,  and  bromhydroxyhydrolapachol  is  at  once  precipi- 
tated in  a  crystalline  condition. 

O 

l-^V^lCsHio-OH 
Bromhydroxyhydrolapachol,  . 

(?)Br!^/'\/l0H 

O 

This  compound  may  be  most  conveniently  obtained  by  the  action  of 
a  2  per  cent,  solution  of  sodium  hydroxide  on  n^-bromo-/3-lapachone, 
the  directions  above  given  for  the  conversion  of  n*-brom-a-lapachone 
into  the  same  compound  being  followed.  After  crystallisation  from 
absolute  alcohol,  bromhydroxyhydrolapachol  gave  the  following  re- 
sults on  analysis. 

0-2715  gave  0-5260  CO2  and  0-1082  H2O.     C  =  52-83  ;  H  =  4-42. 
0-1997     „     0-1096  AgBr.     Br  =  23-35. 
CisHisBrOi  requires  C  =  53-09 ;  H  =  4-42 ;  Br  =  23-59  per  cent. 

Bromhydroxyhydrolapachol  separates  from  alcohol  in  two  forms. 
It  is  sometimes  obtained  as  golden  leaflets  or  scales,  and  sometimes  as 
dense  crystals,  which,  when  deposited  slowly,  attain  considerable 
size.  It  melts  at  164-5 — 165-5°,  and  is  readily  converted  into 
n*-brom-y3-lapachone  by  concentrated  sulphuric  acid. 

C  2 
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IV. — Tlie  Magnetic  Rotation  of  Hydrogen  Chloride  in 

different  Solvents:  and  also  of  Sodium   Chloride, 

Lithium  Chloride,  and  of  Chlorine. 

By  W.  H.  Perkin,  Ph.D.,  F.R.S. 

Fouii  years  ago  I  gave  an  account  of  observations  on  tlie  magnetic  rota- 
tions of  solutions  of  the  hydrogen  compoands  of  the  halogens  (Trans., 
1889,  55,  702,  &c.),  showing  that  in  aqueous  solution  the  rotations 
of  these  compounds  varied  with  the  concentration,  and  that  the 
numbers  obtained  were  smaller  when  very  little  water  was  used  than 
w^hen  much  was  present.  It  was  of  interest,  therefore,  to  examine 
these  compounds  in  the  absence  of  water,  but  as  it  was  not  possible 
to  work  with  the  liquefied  gases,  for  want  of  suitable  apparatus,  a 
neuti-al  solvent  had  to  be  found,  which  was  not  easily  acted  on  by 
these  substances.  Many  liquids  were  tried,  but  generally  they  were 
either  not  suflBciently  good  solvents,  or  they  were  acted  on  by  these 
powerful  agents.  At  last,  a  trial  with  isoa my  1  oxide,  or  ether,  showed 
that  it  not  only  dissolved  an  appreciable  quantity  of  hydrogen 
chloride,  but  was  scarcely  acted  on  by  it,  even  after  many  days,  and 
a  solution  of  the  gas  in  this  solvent  was  consequently  employed. 
It  could  not  be  used,  however,  with  hydrogen  bromide  and  iodide, 
as  it  is  attacked  by  them  too  readily.  The  rotation  for  hydrogen 
chloride  given  by  this  solution  was  much  lower  than  that  yielded 
by  any  of  even  its  strongest  aqueous  solutions,  approximating  to  the 
value  estimated  from  compounds  of  the  fatty  series,  and  only  a  little 
more  than  half  that  given  by  dilute  aqueous  solutions. 

Dr.  H.  Jahn  (Ann.  Phys.  CAem.,  43,  280),  however,  has  questioned  the 
correctness  of  my  results,  and  has  suggested  that  when  isoamyl  oxide 
is  saturated  with  hydrogen  chloride,  a  change  occurs  involving  the 
formation  of  isoamyl  chloride  and  alcohol,  and,  therefore,  that 
the  product  I  examined  was  a  mixture  of  these  compounds,  and 
not  a  solution  of  hydrogen  chloride  as  I  had  stated.  In  a  recent 
inaugural  dissertation  by  Dr.  Schonrock,  describing  experiments 
undertaken  at  the  suggestion  of  Dr.  Jahn,  this  point  is  again 
referred  to,  and  elaborate  calculations  are  made  to  see  whether 
Dr.  Jahn's  hypothesis  can  be  reconciled  with  my  results.  Dr. 
Sclionrock  considers  that,  if  I  had  made  certain  errors  in  my  measure- 
ments affecting  the  second  decimal  place  of  the  specific  rotations 
I  gave,  my  results  would  not  be  inconsistent  with  Jahn's  hypo- 
thesis, remarking  that  "in  the  face  of  these  results  it  must  be 
admitted  that  the  assumption  of  the  decomposition  of  amy!  ether  by 
hydrogen  chloride  is  in  no  way  opposed  to  Perkin's  observations." 
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An  account  is  then  given  of  what  is  called  a  special  investigation  on 
this  subject,  of  which  I  need  say  but  little,  except  that  measurements 
are  described  made  with  a  solution  of  hydrogen  chloride  said  to 
contain  1*0841  per  cent,  of  hydrogen  chloride,  l"2193of  amyl  chloride, 
and  1*0079  of  amyl  alcohol;  from  which  Schonrock  actually  ventures 
to  calculate  the  molecular  rotation  of  hydrogen  chloride,  and  finally 
remarks,  "  Hydrogen  chloride,  therefore,  turns  the  plane  of  polarisa- 
tion to  an  eqnal  extent,  both  in  water  and  in  amyl  ether"  {Zeit. 
physikal.  CJiem.,  11,  773 — 776).  The  influence  of  experimental  errors 
on  the  measurements  of  dilute  solutions  cannot  have  been  brought 
under  the  notice  of  Dr.  Schonrock,  because  if  he  had  considered  the 
subject  he  certainly  would  not  have  measured  either  this  or  the 
other  very  dilute  solutions  to  which  he  refers  in  his  dissertation.  In 
a  paper  on  the  magnetic  rotation  of  sulphuric  and  nitric  acids,  &c., 
I  have  drawn  attention  to  this  subject  (Trans.,  1893,  63,  58). 

I  have  lately  made  further  experiments  with  solutions  of  hydrogen 
chloride  in  isoamyl  oxide.  If,  in  the  saturation  of  this  liquid,  the  hydro- 
gen chloride  be  free  from  air,  and  the  passage  of  the  gas  be  discon- 
tinued when  it  commences  to  bubble  through  unabsorbed,  the  amount 
taken  up  can  be  pretty  closely  found  by  weighings  made  before  and 
after  the  experiment.  The  accurate  determination  of  the  free  acid 
is,  however,  of  the  simplest  character,  consisting  in  merely  transfer- 
ring a  weighed  quantity  of  the  solution  to  a  stoppered  bottle  con- 
taining water,  and  titrating  with  caustic  soda  solution.  In  the 
following  table,  the  results  obtained  by  direct  weighings  and  by 
titrating  solutions  made  at  different  temperatures  are  compared.  The 
results  given  by  the  weighings  are  slightly  lower  than  the  others, 
but  this  is  only  what  might  be  expected,  and  is  caused  by  loss  of  the 
solvent  by  evaporation. 

Temperature  at  which      Per  cent,  of  HCl  Per  cent,  of  HCl 

absorption  occurred.  by  weighings.  by  titration. 

0°  18*61  18*70 

5  16*78  17*04 

9  16*28  16-26 

13  15*05  15*40 

15  14*59  14*91 

25  11-27  11*58 

These  results  show  that  very  little,  if  any,  action  takes  place ; 
otherwise  the  titrations  would  give  lower  results  than  the  weighings, 
but  other  evidence  on  this  point  will  be  found  further  on.  In  the 
case  of  the  solutions  given  above,  the  saturation  was  not  carried  out 
so  far  as  to  be  quite  complete,  but  the  results  show  that  isoamyl 
oxide  behaves  like  an  ordinary  solvent,  the  amount  of  hydrogen 
chloride  absorbed  increasing  as  the  temperature  is  reduced. 
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It  is  scarcely  necessary  to  say  that  in  preparing  a  solution  of  hydro- 
gen chloride  in  isoamyl  oxide,  it  is  better  to  do  so  at  a  temperature 
several  degrees  above  that  at  which  the  solution  is  to  be  used,  so  that  it 
may  not  give  off  gas  and  change  in  composition,  during  the  observa- 
tions. Of  course,  such  solutions  require  very  careful  manipulation 
whilst  being  examined ;  it  would  never  do,  for  example,  to  pour 
them  from  one  vessel  to  another. 

.  I  have  again  determined  the  magnetic  rotation  of  hydrogen  chloride 
in  isoamyl  oxide.  The  solution  was  prepared  at  13°,  and  contained 
14-41  per  cent,  of  dissolved  gas  =  HCl  +  I'ST'iCioHaaO. 

Density :  d  474°,  0-8366  and  d  9°  19°,  0-8323. 

Magnetic  rotation : 

t.  Sp.  rotation.         Mol.  rotation. 

9-3°  1-0398  17-584 

Less  C10H20O  (11-168  X  1372)  =  15323 


Mol.  rotation  of  HCl  =    2-261 

These  numbers  correspond  very  closely  with  those  previously  ob- 
tained, namely,  2-211  and  2-265. 

A  solution  containing  14*8  per  cent,  of  hydrogen  chloride,  after 
it  had  been  made  three  days,  was  freed  from  hydrogen  chloride 
by  washing  first  with  water,  and  subsequently  with  dilute  alkali, 
and  the  amyl  oxide  was  then  quantitatively  examined  for  isoamyl 
chloride ;  for  this  purpose  rather  large  quantities  were  used — 6  and 
7  grams — and  to  decompose  any  chloride  it  might  contain,  the  liquid 
was  heated  in  a  sealed  tube  with  alcohol  and  sodium  ethylate  at 
120 — 13U°  (the  chloride  is  decomposed  at  100°  by  this  reagent). 
After  the  alcohol  and  isoamyl  oxide  had  been  removed,  the  saline 
solution  was  neutralised  with  nitric  acid,  and  titrated  with  decinormal 
solution  of  silver  nitrate.  Two  determinations  were  made,  and  gave 
0-0071  and  0-0058  per  cent.,  so  that  the  extent  to  which  action  took 
place  between  isoamyl  oxide  and  hydrogen  chloride  during  three 
days'  contact  is  so  small  that  it  can  be  ignored,  so  far  as  the 
magnetic  rotation  is  concerned.  1  have  found  that  chemical  action 
does  very  slowly  take  place  if  a  solution  of  hydrogen  chloride  in  this 
solvent  is  kept  in  a  warm  place,  an  aqueous  layer  containing  hydrogen 
chloride  separating  after  the  lapse  of  several  months.  The  above 
solution  containing  14-41  per  cent,  of  hydi'Ogen  chloride,  examined 
three  weeks  after  its  preparation,  was  found  to  contain  14-29  per  cent, 
of  hydrogen  chloride.  It  had  been  kept  at  a  temperature  of  from 
about  6°  to  12°. 

I  may  here  mention  that  I  have  made  a  few  quantitative  experi- 
ments -with  hydrogen  bromide  and  isoamyl  oxide.     A  solution  was 
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prepai'ed  which  was  found  hy  direct  weighing  to  contain  36"5  per 
cent.  oE  the  gas ;  at  the  end  of  ten  hours,  howeyer,  this  gave,  on 
titration,  only  32-1  per  cent,  of  hydrogen  bromide.  A  second  solution, 
containing  45-7  per  cent,  of  bromide,  at  the  end  of  12  hours,  contained 
only  39-3,  and,  after  36  hours,  31-1  per  cent.,  showing  that  interaction 
takes  place  too  rapidly  in  this  case  to  allow  of  this  solvent  being  used 
for  measurements  of  the  magnetic  rotation  of  hydrogen  bromide  as 
previously  mentioned. 

While  experimenting  on  the  preparation  of  chlorides  from  alcohols 
and  hydrogen  chloride,  I  had  occasion  to  notice  how  small  an  amount 
of  chemical  change  appears  to  take  place  unless  a  dehydrating  agent 
be  also  present,  or  the  temperature  be  considerably  raised,  and  it 
occurred  to  me  that  it  might  be  useful  to  make  a  few  experiments  in 
connection  with  this  subject,  to  ascertain  whether  the  formation  of 
chlorides  really  took  place  at  ordinary  temperatures ;  and  if  so,  at 
what  rate.  For  this  purpose,  isoamyl  alcohol,  kept  at  about  10°,  was 
slowly  saturated  with  hydrogen  chloride;  weighings  being  made 
before  and  after  the  saturation.  The  titrations  of  this  solution 
agreed  closely  with  the  numbers  given  by  the  weighings,  being 
slightly  higher,  as  in  the  case  of  the  isoamyl  oxide  solutions.  After 
keeping  for  a  week  and  again  titrating,  practically  the  same  numbers 
were  obtained,  so  that  it  is  evident  scarcely  any  chemical  action  had 
taken  place,  the  product  being  simply  a  solution  of  hydrogen  chloride 
in  isoamyl  alcohol. 

Experiments  were  then  made  with  ethylic  alcohol  with  the  following 
results. 

Ethyl  alcohol  taken 19-566  grams 

Hydrogen  chloride  absorbed 12*142      „ 

Weight  of  solution 31-708      „ 

Percentage    of    hydrogen    chloride 

according  to  weighings 38-29  per  cent. 

Percentage  found  by  titration    ....      38-45        ,, 

Two  days  after  preparation 38-46        „ 

Eive  days  ,,  38-27        „ 

Seven  days  „  38-08        „ 

From  these  results,  it  is  evident  that  with  this  alcohol  also  chemical 
change  takes  place  with  remarkable  slowness^  and  it  was,  therefore, 
thought  worth  while  to  examine  the  magnetic  rotation  of  hydrogen 
chloride  both  in  isoamyl  alcohol  and  in  ethyl  alcohol. 

Two  different  solutions  in  isoamyl  alcohol  were  examined ;  they 
gave  the  following  results. 

Solution  1. — This  contained  28-03  per  cent,  of  dissolved  gas  = 
HCl  +  l-065C5Hi,O. 
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Density  :  d  4<°I4^%  0-9356 ;  d  878°,  0-9326. 
Magnetic  rotation,  average  of  40  readings  : 

s  t.  Sp.  rotation.  Mol.  rotation. 

7-5°  1-2403  9-617 

Less  C5H12O  (5-943  x  1-065)  =       6-329 

Mol.  rotation  of  HCl  =      3-288 

Solution  2. — This  contained  25*45  per  cent,  of  dissolved  gas  = 
HCl  +  I-215C5H12O. 

Density  d  474°,  0*9281 ;  d  9°/9°,  0*9244 
Magnetic  rotation,  average  of  32  readings  : 

t.  Sp.  rotation.  Mol.  rotation. 

8-8°  1-2189  10-505 

Less  CjHiaO  (5-943  x  1-215)  =        7-220 


Mol.  rotation  of  HCl  =        3-285 

The  average  of  these  closely  concordant  results  is  3-286. 

The  solution  containing  25*45  per  cent,  of  hydrogen  chloride  when 
first  prepared,  after  heing  kept  for  three  weeks  at  a  temperature  of 
from  ahout  6°  to  12°,  contained  25-32  per  cent. 

Only  one  solution  of  hydrogen  chloride  in  ethyl  alcohol  has  been 
examined  ;  it  gave  the  following  results. 

This  contained  40*04  per  cent,  of  the  dissolved  gas  =  HCl  -|- 
l*188CuH60. 

Density  :  d  474°,  0*9897  ;  d  8°/8°,  0*9863. 

Magnetic  rotations,  average  of  64  readings  : 

f.  Sp.  rotation.  Mol.  rotation. 

7*75°  1*2991  6*668 

Less  CjHeO  (2*780  x  1*188)  =     3*303 


3*365 


This  number  is  slightly  higher  than  that  obtained  with  the 
isoamyl  alcohol  solution,  but  only  by  0*083,  and  this  may  be  parti- 
ally due  to  the  presence  of  the  trace  of  water  which  is  usually  found 
in  alcohol  even  when  carefully  dried  (the  density  was  0*7967  at 
15°/15°),  aqueous  hydrogen  chloride  having  a  high  rotation. 

Solutions  of  hydrogen  chloride  in  both  liquids  were  examined 
to  see  whether  they  contained  any  appreciable  amount  of  chlorides. 
The  isoamyl  alcohol  solution  was  treated  in  the  same  manner  as  the 
isoamyl  oxide  solution,  the  hydrogen  chloride  being  removed,  and 
the  remaining  alcohol  heated  in  a  sealed  tube  at  120 — 130°  with 
alcohol  and  sodium  ethylate,  &c.  Two  determinations  were  made, 
and  gave  0*0062  and  0*0058  per  cent,  of  chlorine,  so  that  practically 
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in  these  solutions,  whicli  were   three  days  old,  no  cliange  capable  of 
influencing  the  rotation  had  taken  place. 

The  examination  of  the  ethjl  alcohol  solution  foi"  ethylic  chloride 
was  not  so  simple  as  the  foregoing.  The  following  method  waa 
adopted :  34  grams  of  a  freshly-prepared  solution  containing  32'37 
per  cent,  of  hydrogen  chloride  was  taken  and  diluted  with  its  own 
bulk  of  water ;  the  product  was  nearly  neutralised  with  sodium 
hydrate,  and  then  rendered  alkaline  with  sodium  carbonate  ;  after 
this  it  was  distilled  in  an  apparatus  provided  with  a  fractionating 
column  until  about  30  c.c.  had  passed  over.  All  these  operations 
were  performed  in  an  apparatus  provided  with  one  exit  only,  and 
this  was  guarded  with  a  potash  bulb  containing  alcohol  to  absorb 
any  ethyl  chloride  that  might  otherwise  escape.  The  distillate  and 
alcohol  from  the  bulbs  were  mixed  and  heated  with  sodium  hydrate 
in  a  sealed  tube  at  100°  for  about  two  hours  (ethyl  chloride  is  quickly 
decomposed  under  these  conditions).  The  chlorine  found  in  th& 
saline  solution  by  this  process  amounted  to  only  0"00054  per  cent.  ^ 
therefore,  ethyl  alcohol  can  be  saturated  with  hydrogen  chloride 
without  any  appreciable  chemical  change  taking  place,  and  from  the 
results  previously  given  it  is  seen  that  combination  afterwards 
proceeds  but  very  slowly  with  the  lapse  of  time. 

The  isoamyl  oxide  used  in  the  foregoing  experiments  was  obtained 
from  Kahlbaum ;  it  had  scarcely  any  permanent  rotation,  but 
when  saturated  with  hydrogen  chloride  it  produced  a  slight  rotation 
to  the  left.  The  permanent  rotation  of  the  isoamyl  alcohol,  on  the 
other  hand,  was  reduced  to  about  one- third  by  saturating  with 
hydrogen  chloride,  which  is  much  more  than  can  be  accounted  for 
by  the  increase  in  volume  due  to  the  gas  absorbed. 

The  magnetic  rotation  of  hydrogen  chloride  dissolved  in  these 
alcohols  lies  between  that  of  its  rotation  in  isoamyl  oxide  and  in  water^ 
thus: 

Diff. 
Rotation  of  aqueous  solution  (20  p.  c.)  .      4"4121  i  .Qgg 

Rotation  in  alcohols  (average) 3'326^ 

Rotation  in  isoamyl  oxide  (average)    ..      2*245  j^'^^l 

That  the  alcoholic  solution  should  give  lower  results  than  the- 
aqueous  is  only  what  might  be  expected  from  analogy,  as  I  have 
found  that  diethylamine  hydrochloride  and  ammonium  iodide 
(Trans.,  1889,  55,  714,  720,  744)  and  other  compounds  behave  in 
the  same  manner  when  dissolved  in  this  liquid. 

Sodium  Chloride. — As  I  have  examined  sodium  chloride  in  the  dry 
state  as  rock  salt,  and  also  in  aqueous  solution,  this  seems  to  be  a 
suitable  occasion  to  give  an  account  of  the  results,  so  that  a  compari- 
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son  may  be  made  between  tbe  hydrogen  and  sodium  compounds  of 
chlorine. 

The  column  of  rock  salt  examined  was  136  mm.  long. 

Density  :  d  6°  16°  =  2-1675. 

Magnetic  rotation  : 

Although  almost  perfectly  transparent  when  viewed  with  the 
polariscope,  the  rock  salt  did  not  show  such  distinct  changes  as 
transparent  fluids  do,  owing,  it  is  believed,  to  the  presence  of  an 
extremely  minute  quantity  of  selenite,  or  some  other  crystalline  sub- 
stance, but  by  taking  a  considerable  number  of  readings  errors  from 
want  of  sharpness  were  no  doubt  overcome.  It  was  examined  on 
two  occasions,  50  readings  being  made  each  time  ;  the  following  are 

the  averages  : 

t,  Sp.  rotation.  Mol.  rotation. 

15-0"  27168  4-073 

16-0  2-7269  4-088 

Entire  average. .    15-5°  2-7213  4-080 

The  solution  of  sodium  chloride  employed  contained  26-174  per 
•cent. ;  its  composition  was  therefore  NaCl  +   9-I66H2O  . 
Density:  c?  10710°  =  1-2028;  d  20°  120"  =  1-1995. 
Magnetic  rotation,  average  of  32  readings  : 

t.  Sp.  rotation.  Mol.  rotation. 

15-5°  1-3769  14-234 

Less  OH2  =       9166 


Mol.  rotation  of  NaCl  =       5-068 

It  will  be  seen  from  the  above  results  that  there  is  an  analogy 
between  the  rotation  exhibited  by  sodium  chloride  and  hydrogen 
chloride  in  aqueous  solution,  and  when  water  is  absent,  inasmuch  as 
in  both  cases  the  aqueous  solution  gives  the  higher  results.  In  the 
presence  of  water,  sodium  chloride,  however,  does  not  increase  in 
rotation  to  nearly  the  same  extent  as  hydrogen  chloride  does.  H. 
Becquerel,  who  also  has  measured  the  rotation  of  rock  salt,  as  well 
as  of  chloride  of  sodium  in  solution,  has  found  that  the  latter  gives 
the  higher  numbers. 

From  the  rotation  of  rock  crystal,  a  value  for  sodium  is  obtained 
by  subtracting  from  it  that  of  chlorine  as  found  in  organic  chlorides, 
namely,  1-733 ;  this  gives  2-347,  a  number  considerably  higher  than 
that  estimated  from  the  solutions  of  the  sodium  salts  of  the  fatty 
acids  or  the  inorganic  acids  containing  oxygen. 

Lithium  Chloride. — This  salt  being  very  soluble,  it  is  possible  to 
examine  it  in  very  concentrated,  as  well  as  in  dilute,  solutions,  and 
the  results  obtained  are  interesting,  inasmuch  as  the  strong  solutions 
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give  lower  results  than  the  dilute.    Three  difEei^ent  solutions  were  ex- 
amined, about  64  readings  being  made  with  each. 

I.  LiCl  +     3-218  mols.  OH2  :  dlb°ll6%  1-3066;  d20°l20°,  13059. 
II.  LiCl  +    7-411  mols.  OH2  :  d  15715°,  1-1575;  <i  25725°,  1-1568. 
III.  LiCl  +  11-760  mols.  OH^ :  d  15°/15°,  1-10649;  ^25°/25°,  1-10600. 
Magnetic  rotation  : 

t.  Sp.  rotation.  Mol.  rotation. 

L        19°  1-7294  7-379 

Less  OH,  =     3-213 


11. 


Mol.  rotation  of  LiCl  = 

4-166 

I3'2'                  1-4170 

11-970 

Less  OH2  = 

7-411 

Mol.  rotation  of  LiCl  = 

4-559 

7-4°                 1-2877 

16-440 

Less  OH2  = 

11-760 

IIL 


Mol.  rotation  of  LiCl  =       4680 

These  results  therefore  show  that  aqueous  solutions  of  this  salt 
behave  in  an  analogous  manner  to  solutions  of  hydrogen  chloride. 
These  results  were  referred  to  in  the  "Proceedings,"  1890-91,  p.  142. 

Chlorine. — This  is  probably  the  only  element  of  its  class  that  it 
will  be  possible  to  measure  in  a  satisfactory  manner  by  the  method 
at  present  in  use,  as  both  bromine  and  iodine  are  so  strongly 
coloured  that  light  will  not  penetrate  through  a  layer  sufficiently 
thick  to  afford  trustworthy  results,  either  in  the  case  of  the  pure 
substance  or  of  a  sufficiently  strong  solution.  H.  Becqaerel,  how- 
ever, w^ho  attempted  to  measure  bromine,  using  the  red  light  of  the 
lithium  flame,  obtained  a  number  which  gives  a  high  value  for  this 
element.  In  the  case  of  chlorine,  it  would  have  been  best  to  examine 
it  in  the  liquid  condition,  but  at  present  I  have  no  convenient  ar- 
rangement for  this  purpose  ;  therefore  a  suitable  solvent  for  the  gas 
had  to  be  found.  The  best  for  this  purpose  is  carbon  tetrachloride, 
which  at  about  13°  dissolves  sufficient  to  form  a  10  per  cent,  solu- 
tion. The  determination  of  the  amount  of  chlorine  taken  up  by  the 
solvent  was  made  by  introducing  a  weighed  quantity  of  the  solution 
into  a  bottle  containing  potassium  iodide,  and  titrating  with  sodium 
thiosulphate.     Two  solutions  were  examined. 

1.  Contained  10*29  per  cent,  of  chlorine ;  composition  =  CI2  + 
4O2CCI4. 

Density:  d  4°/4°,  1-6085  ;  d  10°/10°,  1-5973. 
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Magnetic  rotations,  average  of  190  readings  made  on  four  different 
occasions  : 

t.  Sp.  rotation.  Mol.  rotation. 

7-1°  1-2866  30-760 

Less  ecu  (6-682  x  4-02)  =     26-460 


CI3  =       4-300 
II.  Contained  9-88  per  cent,  of  chlorine ;    composition  =  Cla   -h 
4-204CCJ4. 

Density  :  d  4<°I4^°,  1-6093  ;  d  979°,  1-5998. 
Magnetic  rotation,  average  of  72  readings  : 

t.  Sp.  rotation.  Mol.  rotation. 

8-2°  1-2858  32-058 

Less  CCI4  (6-582  x  4-204)  =     27-670 


Ch  =       4-388 

The  average  number  for  the  molecular  rotation  of  chlorine  from 
the  above  is  4-344.  If  the  atomic  value  be  taken  as  half  this,  it  will 
be  2-172. 

This  resTilt  is  higher  by  0-439  than  the  value  found  for  this  ele- 
ment when  in  combination,  as  in  propylic  chloride,  in  which  case  it 
is  1-733.  At  the  same  time,  it  is  a  much  low^er  value  than  that 
calculated  from  the  rotation  of  a  dilute  solution  of  hydrogen  chloride 
(4-154  about). 


V. — Studies  on  Citrazinic  acid.     Part  II. 
By  T.  H.  Easteefield,  M.A.,  and  W.  J.  Sell,  M.A.,  F.l.C. 

Conversion  of  Diammonic  Citrate  into  Citrazinic  acid. 
So  many  methods  have  been  described  for  the  conversion  of  "■  an- 
hydro  "-citric  into  citrazinic  acid  derivatives,  that  we  have  been  led 
to  investigate  the  action  of  heat  on  the  ammonium  salts  of  citric  acid, 
with  the  object  of  directly  preparing  citrazinic  acid.  Behrmann  and 
A.  W.  Hofmann  (Ber.,  17,  2688)  have,  indeed,  attacked  this  problem, 
but  were  unable  to  obtain  definite  results,  probably  because  their 
experiments  were  carried  out  at  too  high  a  temperature.  Sabanin 
and  Lasknowsky  (Zeit.  anal.  Chem.,  17,  74)  have  shown  that  when 
ammoniacal  solutions  of  citric  acid  are  heated,  in  sealed  tubes,  at 
110 — 120°  during  several  hours,  and  subsequently  exposed  to  the  air, 
a  blue-green  colour  is  gradually  developed,  and  we  find  that,  if  a 
solution  of  diammonic  citrate  is  heated  on  the  water  bath  for  several 
days  in  an  open  dish,  and  then  allowed  to  cool,  it  behaves  in  a  similar 
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manner.  This  development  of  colour,  on  exposure,  is,  however, 
shared  by  cold  dilute  ammoniacal  solutions  of  citrazinic  acid,  and  led 
us  to  suppose  that  a  slow  condensation  of  citric  to  citrazinic  acid  had 
occurred,  even  under  this  gentle  treatment. 

When  the  action  was  slightly  forced,  by  heating  the  citrate  of 
ammonia  at  130°  for  three  hours  in  an  open  vessel  placed  in  an  air 
bath,  a  considerable  quantity  of  citrazinic  acid  (about  6  per  cent,  of 
the  citric  acid  taken)  was  formed,  but,  at  temperatures  above  160^,  no 
citrazinic  acid  could  be  isolated. 

The  acid  produced  in  this  way  always  showed  a  rather  high  per- 
centage of  nitrogen  ;  after  treatment  with  potash  and  animal  charcoal, 
it  was  identified  as  citrazinic  acid  by  the  fluorescence  of  its  alkaline 
solutions,  its  behaviour  with  a  warm  solution  of  potassic  nitrite,  and 
by  an  analysis. 

0-1287  gave  0-0395  H^O  and  0-2202  CO2.     C  =  46-65 ;  H  =  3-40. 
0-1571      „     12-7  c.c.  dry  nitrogen  at  11°  and  760  mm.     N  =  9-62. 
CeHsNOi  requires  C  =  46-45 ;  H  =  3-23 ;  N"  =  9-03  per  cent. 

This  is  the  simplest  condensation  of  citric  acid  into  a  pyridine 
■derivative  which  has  been  hitherto  described. 

Preparation  of  Citrazinamide  from  Ethylic  Citrazinate. — Though  it 
could  scarcely  be  doubted  that  citrazinamide  is,  in  reality,  the  amide 
of  citrazinic  acid,  it  seemed  desirable  to  check  this  conclusion  by 
preparing  the  amide  from  an  ethereal  salt  of  the  acid.  Ethylic 
citrazinate  was  heated  with  an  excess  of  strong  ammonia  at  120 — 130°, 
for  two  hours  in  a  sealed  tube  ;  a  crystalline  substance  was  formed 
which,  after  recrystallisation  from  dilute  ammonia,  was  recognised  by 
its  appearance  and  a  nitrogen  determination,  as  the  anhydrous 
ammonium  salt  of  citrazinamide  described  by  us  in  a  former  paper. 

0-1347  gave  284  c.c.  dry  nitrogeu  at  12° and  764  mm.    N  =  25-01. 
C6H6!Nr203,N'H3  requires  N  =  24-55  per  cent. 

Beduction  of  Citrazinamide  by  Sodium  Amalgam. — Emil  Fischer 
{Bar.,  23,  933)  has  pointed  out  that,  whereas  amides  of  the  benzeno'id 
series  are  readily  reduced  to  alcohols  by  the  action  of  sodium  amalgam, 
those  of  "the  aliphatic  series  undergo  no  such  reduction,  and  the 
recent  work  of  Max  Marx  (Annalen,  263,  249 — 259),  and  more  par- 
ticularly that  of  Arthur  Hutchinson'(Trans.,  1890,  57,  957),  has  em- 
phasised the  correctness  of  Fischer's  statement.  As  far  as  we  are 
aware,  no  experiments  have  yet  been  made  with  the  object  of  finding 
out  whether  amides  of  the  pyridine  series  would  behave  as  fatty,  or 
as  benzeno'id  compounds,  on  reduction.  In  the  case  of  citrazinamide, 
reduction  readily  takes  place  in  alkaline  solution,  citrazinyl  alcohol 
being  one  of  the  chief  products  ;  and  as  in  the  case  of  some  benzeno'id 
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amides,  a  small  quantity  of  a  kydrobenzom  is  simultaneously  formed. 
These  experiments  may,  therefore,  be  regarded  as  yielding  additional 
evidence  of  the  benzenoid  habitus  of  the  derivatives  of  pyridine. 

C-CH^-OH 

Citrazinyl  Alcolwl,      HC     CHa     . 
HO-C     CO 
%/ 

10  grams  of  citrazinamide  were  dissolved  in  a  small  quantity  of 
caustic  soda  solution  and  diluted  to  200  c.c. ;  the  solution  was  then 
reduced  with  2^  per  cent,  sodium  amalgam,  of  which  215  gram 
(rather  more  than  4  atoms  of  sodium)  were  required.  During  the 
early  stages  of  reduction,  the  liquid  darkened  considerably,  but, 
towards  the  end  of  the  process,  it  became  of  a  light  amber  colour. 
As  soon  as  an  escape  of  hydrogen  showed  that  the  reduction  was 
complete,  the  liquid  was  acidified  with  dilute  sulphuric  acid,  and  the 
small  quantity  of  resinous  matter  which  separated  was  filtered  off 
and  neglected.  On  concentrating  the  solution  to  about  one-quarter 
of  its  bulk,  and  allowing  it  to  cool,  a  brown  substance  separated  in 
minute  spherules,  subsequently  identified  as  a  hydrobenzoin  (see 
below)  ;  the  solution  was  then  neutralised  with  ammonia,  poured  into 
10  times  its  volume  of  methylated  spirit,  and,  after  filtration  from  the 
moist  sulphates,  the  spirit  was  distilled  off.  The  solution,  thus  left, 
was  acidified  with  hydrochloric  acid  and  evaporated  to  a  small  bulk 
in  a  vacuum  over  sulphuric  acid  and  potash ;  the  crystalline  sub- 
stance which  was  deposited  was  then  dissolved  in  a  small  quantity  of 
hot  water,  from  which  it  separated,  on  cooling,  in  clusters  of  almost 
colourless  prisms.  Analysis  agrees  with  the  supposition  that  it  is 
citrazinyl  alcohol,  formed  according  to  the  equation 

CsHiNOj-CONHj  +  2H2  =  CsH^NOz-CH^-OH  +  NK,. 

The  crystals  contain  IHjO,  which  they  do  not  lose  in  a  vacuum 
at  the  ordinary  temperature,  but  do  so  readily  at  100°.  After 
two  recrystallisations,  the  substance  melted  at  158°  without  under- 
going decomposition. 

0-1635  gave  0-0830  H^O  and  0-2695  CO2.     C  =  44-95  ;  H  =  5-64. 
0-1539  lost  0-0174  H2O  and  gave  11-4  c.c.  dry  nitrogen  at  770  mm. 

and  12°.     H2O  =  11-30  ;  N  =  8-88. 
C6H7N03,H20  requires  C  =  4528;  H  =  5-66;  N  =  8-80;  H3O  = 

11-32  per  cent. 
Another  specimen  gave  C  =  45*07;  H  =  5-44;  N  =  9-12  per  cent. 
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The  aqueous  solution  of  the  alcohol  is  very  acid  to  litmus  paper, 
and  gives  a  precipitate  with  ammoniacal  nitrate  of  silver ;  if  this  pre- 
cipitate is  dissolved  in  a  drop  of  ammonia,  and  the  solution  warmed, 
a  silver  mirror  is  formed. 

Citrazinyl  alcohol  dissolves  easily  in  hot  water,  comparatively 
sparingly  in  cold  water,  but  readily  in  acid  or  alkaline  solutions, 
ethyl  and  methyl  alcohol,  acetone,  and  ethylic  acetate.  In  ether, 
benzene,  chloroform,  and  light  petroleum,  it  is  either  very  sparingly 
soluble,  or  insolable. 

The  yield  was  about  16  per  cent,  of  the  amide  employed. 

CH(OH) CH(OH) 

C  C 

^\  ^\^ 

Citrazinyl  Hydrdbenzoin,      HC     CH3        HC     OH2     . 

HO-C     CO     HO-C     CO 
V  ^-^ 

It  has  been  mentioned  that,  during  the  preparation  of  citrazinyl 
alcohol,  a  substance  consisting  of  brown  spherules  was  obtained ; 
this  dissolves  readily  in  hot  water,  much  more  sparingly  in  cold 
water,  and  its  aqueous  solution  reddens  blue  litmus  ;  it  is  very  soluble 
in  alkalis,  and  is  reprecipitated  on  the  addition  of  a  mineral  acid. 
When  analysed,  it  gave  numbers  which  agreed  with  those  required  for 
a  hydrobenzo'in  of  the  above  formula ;  the  yield  of  the  compound  was 
very  small,  and  we  have  been  unable  to  make  further  experiments 
with  it.     Different  specimens  gave  the  following  analytical  results. 

0-1374  gave  00523  H^O  andO-2615  CO2.     C  =  51-9 ;  H  =  4-22. 

0-1135     „     0-0425     „      „     0-2114     „        C  =  50-8;  H  =  4-14. 

0-1192      „     9-7  c.c.  dry  nitrogen  at  11°  and  758  mm.     N  =  9-67. 

0-1135      „     9-6  c.c.         „         „         10°  and  770  mm.     N"  =  10-23. 
(CsH^NO^'CHOH)^  requii-es  C  =  51-42;  H  =  420;  N  =  1000  per  cent,- 

University  Laboratory, 
Cambridge. 


VI. — Freezing  Points  of  Alloys  in  which  the  Solvent  is 

Thallium. 
By  C.  T.  Heycock  and  F.  H.  Nevillb. 

On  account  of  the  costliness  of  thallium,  as  compared  with  the 
solvents  we  have  hitherto  used,  these  experiments  were  conducted  on 
a  small  scale,  about  60  grams  of  thallium  being  employed  in  each 
series. 
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The  small  quantity  of  solvent  obliged  us  to  use  a  Geissler  ther- 
mometer with  a  small  bulb  and  a  much  less  open  range  than  those 
Ave  usually  employ.  The  experimental  errors  were  from  this  cause 
greater  than  in  most  of  our  work  with  tin,  lead,  and  cadmium  as 
solvents,  but  we  think  the  results  are  in  the  main  trustworthy. 

The  thallium  was  procured  from  Messrs.  Johnson  and  Matthey, 
and  when  estimated  with  permanganate,  as  in  Crookes'  Select 
Methods,  gave  a  content  of  at  least  98  per  cent,  of  thallium.  The 
behaviour  of  bismuth  when  dissolved  in  thallium  (see  curve,  below) 
probably  points  to  impurities  in  the  thallium,  for  the  curve  repro- 
duces the  phenomena  of  a  triple  alloy.f  From  the  fact  that  the 
maximum  freezing  point  reached  was  303 '7°  it  follows  that  the 
freezing  point  of  pure  thallium  is  not  lower  than  this  temperature 
(see  Trans.,  1891,  59,  936). 

As  we  expected  from  the  result  of  dissolving  thallium  in  lead  (Trans., 
1892,  61,  910  and  914),  the  behaviour  of  lead  in  thallium  is  anom- 
alous. It  will  be  seen  froru  the  tables  (pp.  33 — 35)  that  the  addition 
of  lead  to  thallium  raises  the  freezing  point.  The  case  is  analogous  to 
that  of  antimony  in  tin  and  silver  in  cadmium.     An  infusible  sub- 
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Freezing  points  of  Thallium  containing  Bismuth. 
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220" 


The  numbers  on  the  top  and  left  side  refer  to  the  left-hand  portion 
of  the  curve,  those  at  the  bottom  and  right  side  to  the  right-hand 
portion  of  the  curve. 

t  An  analysis  of  tlie  thallium  shows  that  it  contains  a  considerable  quantity  of 
lead,  a  little  mercury,  and  traces  of  other  metals. 
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stance  separates  from  the  solution  of  lead  and  thallium  in  such 
quantity  as  to  interrupt  the  experiment.  This  may  be  a  compound 
or  may  be,  as  F.  W.  Kuster  suggests  for  antimony  and  tin,  the 
mixture  solidifying  isomorphously  (Zeit.  physikal.  Chem.,  12,  508), 
but  on  the  latter  hypothesis  we  should  expect  the  atomic  rise  to  be 
much  smaller. 

The  latent  heat  of  fusion  of  thallium  has,  so  far  as  we  know,  not 
been  directly  determined.  We  were,  therefore,  unable  to  apply 
Van't  HofE's  formula  for  the  purpose  of  calculating  the  atomic  fall. 
But  the  agreement  of  the  observed  atomic  falls  caused  by  gold,  silver, 
and  platinum  makes  it  pretty  certain  that  the  avei^age  of  these  is  the 
true  atomic  fall.  We  can  therefore  use  this  number  to  calculate  the 
latent  heat  of  fusion  of  thallium. 


Table  I. — Silver  in  Thallium. 


Total  weight 
of  thallium. 

Total  weight 
of  silver 
present. 

Atoms  of 

silver  per  100 

of  thallium. 

Freezing  point 
of  solution. 

Atomic  fall. 

59-88 

0 

0-122 
0-244 
0-480 
0-684 
0-775 
0-880 

0 
0-385 
0-771 
1-517 
2-160 
2-448 
2-780 

302  -26° 
299  -83 
297  -46 
292  -71 
289  -09 
288  -33 
288  -35 

6-31* 
6-23* 
6-29* 
6-09 

Y    saturated. 

Table  II. — Gold  in  Thallium. 
Geissler  Thermometer. 


Total  weight 
of  thallium. 

Total  weight 
of  gold 
present. 

Atoms  of 
gold  per  100 
of  thallium. 

Freezing  point 
of  solution. 

Atomic  fall. 

60-86 

0 

0 

301  -30° 

0-218 

0  371 

298  -76 

6-85 

0-505 

0-859 

295  -75 

6-46* 

0-835 

1-420 

292  -22 

6-39* 

1-387 

2  -359 

286  -33 

6-35* 

1-925 

3-274 

280  -71 

6-29* 

2-373 

4-036 

276  -20 

6-22 

3-063 

5-208 

272  -59 

5 -Sit 

3-616 

6-149 

207-17 

5-55 

4-193 

7-130 

261  -38 

5-60 

t  The  sudden  decrease  in  this  atomic  fall,  followed  by  a  slow  recovery,  suggest* 
the  possibility  of  an  experimental  error. 
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Table  III. — Platinum  in  Thallium. 


Weight  of 
thallium. 

Total 
■weight  of 
platinum. 

Atoms  of 
platinum 
per  100  of 
thallium. 

Freezing 
point  of 
solution. 

Atomic  fall. 

60-32 
64-63 

70-96 

» 

0 
0-066 
0-252 
0-488 
0-805 
1-307 
1-527 

0 
0-106 
0-372 
0-720 
1-188 
1-930 
2-255 

301 -95^ 
301  -41 
299  -65 
297  -39 
294-55 
291  -11  ■) 
291  -16  J 

5-08t 
6-19* 
6-33* 
6-23* 

saturated 

Selecting  those  atomic  falls  of  the  metals,  gold,  silver,  and  plat- 
inum, -whicli  are  marked  with,  an  asterisk  in  the  preceding  tables,  -we 
find  that  the  mean  fall  produced  by  one  atomic  weight  of  a  foreign 
metal  in  100  atomic  weights  of  thallium  is  6-31°  centigrade. 

If  X,  is  the  latent  heat  of  an  atomic  weight  of  thallium  and  T  its 
freezing  point  on  the  absolute  scale,  we  have  A-  =  0-02TY6-31. 

Table  IV. — Bismuth  in  Thallium,, 


Weight  of 
thallium  used. 

Total  -weight 

of  bismuth 

present. 

Atoms  of 

bismuth  per 

100  of  thallium. 

Freezing  point 
of  solution. 

60 

0 

0 

301  -18° 

0-187 

0-307 

301  -29 

0-489 

0-801 

301  -41 

1-537 

2-513 

301  -18 

2-556 

4-181 

300  -54 

3-663 

5-992 

299  -39 

5-664 

9-266 

302  -30 

6-805 

11  -130 

303  -49 

8-358 

13  -674 

303  -68 

9-740 

15  -933 

302  -57 

10  -898 

17  -830 

301  -06 

12  -786 

20  -915 

297  -56 

13  -889 

22  -720 

294  -98 

16  -211 

26  -518 

288  -89 

18  -115 

29  -634 

283  -38 

20  -107 

32  -890 

277  -35 

22  -416 

36  -669 

271  -25 

24-388 

39  -895 

264  -08 

26  -090 

42  -682 

258  -95 

29  -269 

47  -880 

250  -45 

34  -338 

56  -175 

237  -75 

39  -754 

65  -030 

225  -08 

43  -157 

70  -590 

217  -30 

t  The  platinum  dissolves  easily  at  the  melting  point  of  thallium. 
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Table  V. — Lead  in  Thallium. 
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Weight 

of  thallium 

present. 

Total  weight 
of  lead. 

Atoms  of 

lead  per  100  of 

thallium. 

Freezing  point 
of  solution. 

Atomic  rise. 

ii2  -398 
» 
» 

0 
0-094 
0-189 
0-508 
1-634 

0 
0-148 
0-299 
0-802 
2-580 

301  -18° 
301  -49 

301  -90 

302  -99 
306  -48 

0 
2-09 
2-41 
2-26 
2-05 

Tlie  thermometer  could  not  be  adjusted  on  account  of  a  lump  of  solid  which 
did  not  melt  at  350°.  It  is  pretty  certain  that  a  compound  of  lead  and  thallium 
«eparate8  out. 

Assuming  the  observed  freezing  point  of  thallium,  301°,  to  be  correct, 
T  is  574  and  the  latent  heat  of  fusion  of  1  gram  of  thallium  is  5*12 
calories. 

This  is  somewhat  less  than  that  of  lead,  which  is  given  by  Person 
■as  537. 

We  must  again  express  our  thanks  to  Mr.  C.  T.  R.  Wilson,  of 
Sidney  College,  for  his  care  in  carrying  out  many  of  the  experiments 
in  this  paper. 


VII. — Researches  on  the  Terpenes.     IV.  Phosphorus 

Derivatives  of  Camphene. 

By  J.  E.  Marsh  and  J.  A.  Gardner. 

Phosphorus  pentachloride  acts  on  camphene  in  a  manner  different 
from  that  in  which  it  acts  on  organic  substances  generally.  In 
ordinary  cases,  chlorine  is  substituted  for  hydrogen,  hydroxyl,  or 
-oxygen ;  but,  in  the  case  of  camphene,  the  group  PCI4  is  substituted 
for  hydrogen.  The  action  appears  to  be  in  some  respects  similar  to 
that  which  Anschiitz  and  Moore  observed  as  occurring  between  phos- 
phorus pentachloride  and  salicylic  acid  (Amer.  Ghem.  J.,  10,  296). 
Excess  of  the  pentachloride  was  used,  and  in  this  case  not  only  was 
chlorine  substituted  for  the  acid  hydroxyl,  but  the  hydrogen  of  the 
phenolic  hydroxyl  was  also  displaced  by  PCI4,  the  compound  of 
the  formula  COCl'CeHi'OPCU  thus  produced  being  converted  by 
water  into  an  acid  of  the  formula  COOH'CsHi'O'POaHa.  In  like 
manner,  the  compound  of  the  formala  CioHis'PCU  obtained  from 
•camphene  is  converted  by  water  into  an  acid  of  the  formula 
CioHi^-PO^H,. 

There  is,  however,  a  considerable  difference  in  the  nature  of  the 
products   obtained   in    the   two  cases.       The  salicylic  derivative   is 

D  2 
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formed  at  a  high  temperature,  and  can  be  distilled  in  a  vacuum, 
whereas  the  camphenephosphoric  chloride  is  formed  at  the  ordinary 
temperature,  and  is  decomposed  at  100°,  and  if  it  be  distilled  in  a 
vacuum  it  yields  a  new  compound  of  the  formula  C10H14PCI3  (Trans., 
1891,  59,  652).  This  compound  has  been  prepared  in  the  pure 
state,  but  hitherto  we  have  been  unable  to  separate  the  compound  of 
the  formula  CioHis'PCU  from  the  substances  with  which  it  is  mixed. 
Its  existence  has  been  inferred,  however,  from  the  compounds  ob- 
tained by  the  action  of  water.  The  compound  of  the  formula 
C10H14PCI3  is  converted  by  water  into  a  new  acid  of  the  formula 
CioHuCl-P(OH)2. 

Another  action  occurs  when  camphene  is  moderately  heated  with 
a  large  excess  of  phosphorus  pentachloride,  resulting  apparently  in 
the  formation  of  a  compound  of  the  formula  C10H14PCI5  or 
CioHuCl'PCU.  On  subjecting  this  to  the  action  of  water,  an  acid  of 
the  formula  CioHi4Cl'PO(OH)2  is  produced,  which  is  also  obtainable 
by  the  oxidation  of  the  above-mentioned  phosphinic  acid, 
CioHi4Cl-P(OH)2.  The  acid  of  the  formula  CioH,5-PO(OH)2,  which 
we  call  camphenephosphonic  acid,  exists  in  several  isomeric  forms, 
diifering  in  rotatory  power  according  to  the  nature  of  the  isomeric 
camphenes  from  which  they  are  obtained ;  and  even  the  same  cam- 
phene yields  two  distinct  isomeric  acids,  differing  in  solubility, 
melting  point,  rotatory  power,  and  also  in  chemical  properties. 

The  chlorocamphenephosphonic  acid  also  exists  in  two  isomeric 
forms  when  derived  from  the  same  camphene,  differing  in  solubility, 
in  melting  point,  in  rotatory  power,  and  in  the  amounts  of  combined 
water.  We  find  that  the  sodium  salts  of  these  acids  are  decomposed 
by  bromine  water,  phosphoric  acid  being  separated. 

Camphenes  of  Various  Origin. 

Camphene  varies  much  in  rotatory  power,  this  property 
being  influenced  partly  by  the  mode  of  preparation  and 
partly  by  the  rotatory  power  of  the  turpentine  used.  We  pi-o- 
pose  to  consider  in  another  paper  the  relations  between  the 
rotatory  power  of  camphene  and  that  of  the  turpentine  from  which 
it  is  obtained.  In  other  respects,  the  properties  of  camphene,  what- 
ever the  rotation,  seem  to  be  the  same.  The  particular  actions 
studied  in  this  paper  seem  to  take  place  in  exactly  the  same  manner 
whatever  camphene  is  employed,  and  to  yield  products  identical  in 
every  respect  except  in  regard  to  rotatory  power.  The  description 
of  the  general  course  of  the  changes  applies  equally  well  to  camphenes 
from  all  sources,  and  it  is  only  when  we  have  to  characterise  the 
different  products  more  exactly  that  we  shall  have  to  take  into- 
account  differences  in  rotatory  power. 
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Action  of  Phosphorus  Pentachloride  on  Camphene. 

"When  5  parts  of  camphene  is  mixed  with  8  parts  of  phos- 
phorus pentachloride  in  a  mortar,  the  two  solids  form  a  thin  cream, 
slight  heating  being  observed,  but  no  appreciable  evolution  of  hydro- 
gen chloride.  After  a  short  time,  the  mixture  sets  to  a  hard  solid 
mass ;  this  is  mixed  with  water,  or,  better,  with  ice  in  excess,  and 
allowed  to  stand,  when  a  clear,  oily,  colourless  liquid  is  formed 
which  sinks  in  the  excess  of  water.  After  a  time  a  further  action 
occurs,  the  oil  darkening  in  colour,  and  the  whole  becoming  hot. 
The  syrupy  liquid  is  then  fractionally  extracted  with  a  solution  of 
carbonate  of  soda  as  long  as  anything  is  dissolved,  camphene  hydro- 
chloride being  finally  left,  and  from  this  camphene  may  be  obtained 
by  heating  with  aniline.  The  soda  extractions  contain  the  sodium 
salts  of  two  camphenephosphonic  acids,  and  from  the  solution  the 
acids  may  be  precipitated  partly  in  a  crystalline  and  partly  in  a 
syrupy  state  by  the  addition  of  hydrochloric  acid.  The  acidified 
■extracts,  as  well  as  the  original  solution  from  which  the  syrup 
separated  in  the  first  instance,  are  shaken  up  with  ether  to  extract 
the  dissolved  phosphonic  acids. 

Separation  of  the  Phosphonic  acids. — The  two  phosphonic  acids  are 
separated  from  one  another  by  means  of  ether,  which  dissolves  only 
one  of  them,  leaving  the  other  as  a  white,  felted  mass  of  crystals. 
The  acid  which  is  insoluble  in  ether  we  call  a-,  and  the  soluble  acid 
^-camphenephosphonic  acid.  The  latter  is  recovered  from  the  ether 
oither  by  evaporating  the  ether  or  by  shaking  up  the  ethereal  solu- 
tion with  dilute  caustic  soda,  and  precipitating  the  acid  by  adding 
hydrochloric  acid.  It  is  obtained  in  a  crystalline  form,  but  is  usually 
mixed  with  some  syrupy  matter  which  has  not  been  investigated. 
This  syrupy  matter  is  best  removed  by  means  of  benzene,  in  which 
it  is  readily  soluble,  the  crystals  scarcely  at  all.  Both  the  acids  are 
purified  by  crystallisation  from  dilute  alcohol,  being  dissolved  in 
strong  alcohol,  and  water  added  to  the  hot  solution;  the  a-acid 
crystallises  most  readily,  the  other  more  slowly,  giving  larger 
crystals.  The  two  acids  are  further  distinguished  by  their  behaviour 
with  chloroform ;  in  this  case,  however,  it  is  the  /3-acid  which  is  in- 
soluble, whilst  the  a-acid  readily  dissolves.  Not  infrequently  in 
the  first  extraction  of  the  acid  by  sodium  carbonate  in  accordance 
with  the  method  above  described,  the  sodium  salt  of  the  a-acid 
■crystallises  out,  and  the  acid  itself  may  then  be  obtained  directly 
from  the  purified  sodium  salt. 

a- Camphenephosphonic  acid,  20ioHi5*P03H2  -|-  H2O. 

This  acid  crystallises  from  dilute  alcohol  in  colourless,  light,  fluffy 
needles,  insoluble  in  ether,  but  soluble  in  alcohol,  benzene,  and  chloro- 
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form.     Tlie  air-dried  acid  has  the  composition  represented  by  the 
above  formula. 
Analysis  : 

I.  II.  Calculated. 

Carbon 53'61         53-51  53-33  per  cent. 

Hydrogen....        8-21  8-19  8-00 

When   dried   at   100°,   it   loses    2H2O,   leaving   the   anhydro-acid 
[CioH,5-PO(OH)].0. 
"Water  lost  after  12  hours  (also  after  24  hours)  heating  at  100°. 

Found  7-97.  Calculated  8-00  per  cent. 

Analysis,  after  heating  at  100°  : 

Found. 


t \ 

I.  II.  Calculated. 

Carbon 58-11         58-31  57-96  per  cent. 

Hydrogen....        7-97  7-93  7-70 

Phosphorus..      14-96  —  14-97 

When  dried  in  a  desiccator,  or  in  a  vacuum,  the  acid  quickly  loses 
one  molecule  of  water,  and  afterwards  very  slowly  gives  up  the 
second  molecule. 

Calculated. 


1  mol.  H2O.  2  mols.  H2O. 
Loss  after  24  hours. . . .      4-2    p.c.             —  — 

48      „    ....      5-8      „  4-00  — 

„         several  days.      7-56    ,,  —  8-00 

Substance  dried  in  a  vacuum  24  hours. 

Calculated  for 
Pound.  CioHij-POsHo. 

Phosphorus 14*52  14-35  per  cent. 

The  air-dried  acid  begins  to  melt  at  about  160°,  but  the  melting 
point  is  not  constant.     The  anhydro-acid  melts  at  184°. 

^-GampTienepliosphonic  acid,  CioHi5*P03H2. 

This  acid  crystallises  from  dilute  alcohol  in  large,  colourless 
crystals,  needles  several  centimetres  in  length  having  been  obtained ; 
it  is  soluble  in  ether,  but  insoluble  in  chloroform  and  benzene. 

When  heated  at  100°,  it  does  not  appreciably  lose  weight  (less 
than  2  per  cent,  after  several  days)  ;  but,  after  prolonged  heating 
during  several  weeks,  it  was  found  to  liquefy  and  darken  in  colour ; 
after  three  weeks,  it  had  lost  37  per  cent.,  and  the  syrupy  residue 
contained  phosphoric  acid.     The  acid  melts  at  167°,  but  decomposes. 
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Analysis : 

Found. 

I » ^  Calculated  for 

I.  11.  III.  CioHis-POgHs. 

Carbon 55-29       55*4       55-32  55*5  per  cent. 

Hydrogen 7-97         7-8         8-2  7-8 

Phosphorus....      14-42        —  —  14-35       „ 

Sodium  a.Gamphenephosjplionate,  doHis'POsHNa  +  4H2O. — This 
salt  is  obtained  from  the  acid  and  sodium  carbonate.  It  is  produced 
either  when  one  or  two  equivalents  of  carbonate  of  soda  are  used  for 
eacli  equivalent  of  acid.  It  is  soluble  in  alcohol  and  in  water,  and 
was  crystallised  both  from  water  and  from  dilute  alcohol. 

When  heated  at  100°,  the  salt  loses  its  water  of  crystallisation, 
2  mols.  of  the  salt  losing  9H2O  and  leaving  the  salt  of  the  anhydro- 

acid. 

Found.  Calculated. 

Loss  of  water 25-9  26*1  per  cent. 

Analysis  of  crystallised  salt : 

CioHjs-POsHNa  +  4H2O. 

Carbon 38-69  38-71  per  cent. 

Hydrogen 7-90  7-74         „ 

Analysis  of  dried  salt : 

(CioHisPOaNa)^. 

Carbon 51-96  52-4    per  cent. 

Hydrogen 6-64  6'55         „ 

The  salt  was  also  analysed  by  conversion  into  sodium  metaphos- 
pbate.  A  weighed  quantity  of  the  anhydro-salt  was  heated  with 
nitric  acid  and  ignited. 

ISTaPOj 43-8  44-4  per  cent. 

Sodium  fi-Camphenephosphonate,  CiQHis'POsNaH  +  5H2O. — This 
salt,  like  the  preceding,  is  obtained,  whether  one  or  two  equivalents 
of  sodium  carbonate  be  used  for  each  equivalent  of  acid.  It  crystal- 
lises from  water  in  colourless,  unctuous  plates,  and  is  soluble,  though 
with  difficulty,  in  alcohol. 
Analysis  of  crystallised  salt : 

Found.  Calculated. 

Carbon 3643  36-58  per  cent. 

Hydrogen 815  793 

Phosphorus 9-74  10-0  „ 

The  salt  was  also  analysed  by  converting  it  into  sodium  meta- 
phosphate. 

Found.  Calculated. 

NaPOj 30-37  31-1  per  cent. 
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On  heating  at  100°,  and  also  in  a  vacuum,  the  salt  loses  nearly  the 
whole  of  its  water  of  crystallisation.  But  the  last  traces  are  difficult 
to  remove  at  a  temperature  below  that  at  which  the  salt  itself  under- 
goes decomposition. 

Loss  of  water : 

Calculated  for 
5  mols.  H2O. 

In  a  vacuum 25"9  27'4  per  cent. 

At  100° 26-56 

Phosphorus  in  dried  salt : 

Found  12*62.  Calculated  13"0  per  cent. 

Ammonium  oc-Camphenephosphonate,  CioHi5*P03H*NH4. — This  salt 
was  prepared  by  dissolving  the  acid  in  strong  ammonia  and  evapo- 
rating to  dryness.  It  is  very  soluble  in  water,  and  was  precipitated 
from  the  aqueous  solution,  in  the  form  of  light,  feathery  crystals,  by 
adding  alcohol  and  ether.     On  analysis,  it  gave 

Found.  Calculated. 

Nitrogen   6"4  6*0  per  cent. 

Crystallised  from  water,  it  gave 

Found.  Calculated. 

Nitrogen ^•97  6'0  per  cent. 

It  is  difficult  to  tell,  without  further  investigation,  whether  this 
salt  is  a  derivative  of  the  hydrated,  or  of  the  anhydro-,  acid,  there 
being  such  a  slight  difference  in  composition. 

Ammonium  fi-GampJienepJiosphonate,  CioHi5*P03H'NH4. — The  acid 
was  dissolved  in  ether  and  the  salt  precipitated  by  passing  dry  am- 
monia into  the  solution.     On  analysis,  it  gave 

Found.  Calculated. 

NH3    778  7-26  per  cent. 

This  salt  was  less  soluble  in  water  than  the  preceding.     Crystallised 

from  water,  it  gave 

Found.  Calculated. 

Nitrogen 6*65  6*0  per  cent. 

Barium^  a-Camphenephosphonate,  (CioHi5*P02)2BaO. — This  salt 
was  prepared  by  adding  baryta  water  to  the  acid.  It  is  very  slightly 
soluble  in  water,  and  crystallises  from  hot  water,  on  cooling,  in 
voluminous,  wool-like  masses.  It  is  also  obtained  by  precipitating 
the  ammonium  salt  with  barium  chloride.    Analysis  of  the  dried  salt : 

Found.  Calculated. 

Barium 24'33  24'9  per  cent. 

The  air-dried  salt  contains  5H2O,  corresponding  to  the  formula 
(CioHi5-P02)2BaO  +  5H2O. 


PHOSPHORUS  DERIVATIVES   OF   CAMPHENE.  41 

Found.  Calculated. 

Water 144  14'1  per  cent. 

Zinc  cc-CamphenepJiosphonate,  (CioHi5"P02)2ZnO. — The  zinc  salt 
was  obtained  by  adding  zinc  nitrate  to  the  ammonium  salt,  when  it 
was  precipitated  in  a  flocculent  state,  very  slightly  soluble  in  water. 
Dried  in  air,  it  is  anhydrous.     Analysis  gave 

Found.  Calculated. 

Zinc 1375  13-83  per  cent. 

Motatory  Power. 

It  has  been  already  stated  that  the  phosphonic  acids  derived  from 
different  camphenes  differ  in  their  rotatory  power  in  respect  of 
polarised  light,  without  appreciably  differing  in  chemical  properties. 
They  thus  present  a  difference  in  physical  properties  similar,  in 
kind,  to  that  presented  by  the  camphenes,  and  by  the  turpentines 
from  which  they  are  derived.  The  two  isomeric  phosphonic  acids  are 
obtained  from  Isevorotatory  camphene,  as  well  as  from  dextrorotatory 
camphene  ;  but,  whereas  the  acids  from  dextrorotatory  camphene  are 
inactive,  those  from  Isevorotatory  camphene  are  also  laevorotatory, 
though  to  different  degrees  ;  thus,  in  alcoholic  solution,  the  a-acid 
has  a  specific  rotatory  power  [a]j)  =  —119°,  whilst  the  yS-acid  has  a 
specific  rotatory  power  of  only  — 71°  in  alcoholic  solution. 

Experiments  are  in  progress  with  the  object  of  endeavouring  io 
separate  the  inactive  acids  obtained  from  dextrocamphene  into  their 
possible  active  constituents.  For  this  purpose,  the  cinchonine  salts, 
both  of  the  inactive  and  of  the  active  a-acids,  have  been  prepared ; 
they  are  both  beautifully  crystalline  substances.  A  more  detailed 
description  of  these  salts  is  reserved  for  future  publication,  should 
the  experiments  in  progress  with  them  lead  to  any  definite  result. 

Action  of  Heat  on  the  Sodium  Salts  of  the  Camphenephosphonic  acids. 

It  has  already  been  noticed  that,  when  heated  at  100°  for  a  long 
time,  /3-camphenephosphonic  acid  undergoes  decomposition,  the  crys- 
talline acid  being  converted  into  a  syrupy  liquid  containing  phosphoric 
acid,  a  considerable  loss  in  weight  taking  place.  Both  acids  also 
decompose  at  their  melting  points.  A  more  detailed  study  has  been 
made  of  the  action  of  heat  on  the  sodium  salts  of  the  two  acids. 
When  sodium  ^-camphenephosphonate  is  heated,  it  loses  its  water  of 
crystallisation,  and,  on  raising  the  temperature  to  about  160°,  under- 
goes an  almost  quantitative  decomposition  into  camphene  and  sodium 
metaphosphate.  On  distilling  it  from  an  air  bath  at  about  this  tem- 
perature, 90  per  cent,  of  the  theoretical  amount  of  camphene  whs 
recovered.     When  heated  on  a  watch  glass  in  the  air  bath  for  several 
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hours,  it  melted,  and  left  32"9  per  cent,  of  residue,  tlie  amount  calcu- 
lated for  the  conversion  of  the  crystalline  salt  into  sodium  meta- 
phosphate  being  31'1.  This  residue  gave  the  test  for  mefcaphosphonie 
acid,  namely,  coagulation  of  albumin,  a  white,  gelatinous  precipitate- 
with  silver  nitrate,  and  a  yellow  precipitate  with  ammonium  molyb- 
date. 

Sodium  a-camphenephosphonate  does  not  undergo  decomposition 
so  readily  or  so  completely,  48'1  per  cent,  of  residue  being  obtained,, 
the  amount  calculated  for  the  conversion  of  the  dry  salt  into  sodium 
metaphosphate  being  44'9  :  this  occurred  on  heating  in  an  open  dish. 
When  the  salt  was  heated  in  a  retort,  neither  camphene  nor  any 
distillate  but  water  was  obtained  up  to  the  temperature  210°,  but  on 
heating  at  260°,  a  small  quantity  of  a  semi-solid  distillate  resembling 
impure  camphene  was  obtained,  and  a  residue  was  left  amounting  to  75 
per  cent,  of  the  dry  salt.  The  difference  in  the  constitution  of  the  dry 
salts  readily  accounts  for  this  difference  in  behaviour  underthe  influence- 
of  heat.  It  will  be  seen  that  sodium  /3-camphenephosphonate,  having- 
the  formula  CioHis'POsHNa,  can  break  up  according  to  the  equation 
CioHis'POsHI^a  =  CioHie  +  I^aPOs,  whereas  a-camphenephosphonate- 
of  sodium,  having  the  formula  (CioHis'POaWa).^©,  cannot  break  up 
into  phosphate  and  camphene.  It  is  probable  that  the  greater  de- 
composition of  the  latter  salt  when  freely  exposed  to  the  air,  so  as  to- 
leave  a  residue  containing  metaphosphate,  is  due  to  the  action  of 
aqueous  vapour. 

Hydrolysis  of  the  Phosphorite  acids. — When  subjected  to  the  action  of 
water  in  sealed  tubes,  the  salts  both  of  the  a-  and  of  the  yS-acids  are 
decomposed,  yielding  in  both  cases  camphene  and  sodium  hydrogen 
phosphate,  NaHaPOi.  Here  again  the  two  salts  show  a  difference  in 
"behaviour;  for  while  the  ^-salt  is  readily  decomposed  at  170°,  the 
a-salt  shows  no  apparent  change  below  180°,  but  is  decomposed  at  a 
temperature  considerably  above  200°. 

Action  of  Halogens  on  the  Sodium  Salts  of  the  Phosphonic  acids. 

Bromine  water,  chlorine,  and  iodine  attack  sodium  y8-camphene- 
phosphonate,  setting  free  phosphoric  acid  and  yielding  precipitates, 
that  produced  by  bromine  being  very  dense  ;  a  precipitate  is  pro- 
duced in  this  manner  even  in  very  dilute  solutions.  The  a-salt  i» 
less  readily  acted  on,  but  it,  too,  is  decomposed  by  bromine  and! 
chlorine,  although  not  by  iodine.  We  have  not  yet  ascertained  the- 
nature  of  the  organic  products  formed  in  these  cases.  The  pre- 
cipitate produced  by  bromine  is  of  an  oily  nature ;  in  one  case  this 
oil  was  collected,  washed  with  caustic  soda,  and  dried.  It  decom- 
posed on  distillation.  It  contained  over  60  per  cent,  of  bromine^, 
approximately  corresponding  to  the  formula  CioHisBrj  or  CioHisBrs. 
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Nature  of  the  Isomerism. 

From  the  description  of  the  acids  and  their  compounds  givea 
above  it  will  be  observed  that  the  two  acids  may  be  represented  as. 
derived  one  from  orthophosphoric  acid,  thus, 

roH  raoH,5 

P0<  OH  P0<  OH 

[OH  LOH 

Phosphoric  acid.  /S-Camphenephosphonic 

acid. 

the  other  from  pyrophosphoric  acid,  thus, 

rOH  fC,oHi5 

PO)OH  POiOH 

O  O 

Pyrophosphoric  acid.  a-Camphenephosphonic 

acid. 

It  may  hence  be  objected  that,  inasmuch  as  the  two  acids  are 
derivatives  of  two  different  phosphox-ic  acids,  they  are  not  strictly 
isomeric.  On  the  other  hand,  if  the  difference  between  the  acids, 
were  solely  due  to  their  being  related  one  to  the  other  as  ortho- 
phosphoric  acid  is  to  pyrophosphoric,  wo  should  expect  them  to  be 
mutually  convertible  into  one  another,  or  at  any  rate  one  of  them 
convertible  into  the  other,  just  as  pyrophosphoric  acid  is  convertible 
into  orthophosphoric  acid.  We  have  not  found,  however,  that  either- 
of  the  acids  is  convertible  into  the  other  ;  and  though  the  a-acid 
may,  under  certain  circumstances,  take  the  orthophosphoric  type,  it 
is  still  distinct  from  the  ;8-acid.  We  have,  therefore,  to  look  for  the- 
cause  of  the  isomerism  in  the  different  positions  which  the  phosphonic 
grouping  occupies  in  each  case  with  respect  to  the  camphene  nucleus. 
For  the  explanation  of  this  isomerism,  however,  we  shall  have  to 
wait  until  the  constitution  of  camphene  has  been  definitely  ascer- 
tained. 

University  Laboratory,  Oxford, 


VIII. — Apparatus  for  the  Extraction  for  Analysis  of 

Gases  dissolved  in  Water  ancZ  other  Liquids. 
By  Edgar  B.  Truman,  M.D.,  F.C.S.,  Borough  Analyst,  Nottingham. 

The  apparatus  hitherto  described   for  this  purpose  may  be  referred 
to  two  classes. 

In  the   first,    the  dissolved   gases    are  separated  by  boiling,  and 
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•carried  by  a  long  delivery  tube  (from  which  air  has  been  expelled 
by  passing  steam  through  it)  into  a  vessel  containing,  and  inverted 
•over,  mercury.  This  method  is  described  and  illustrated  in 
Watts'  Dictionary  of  Chemistry,  5,  1028  (1st  edition,  1869). 
Fresenius'  method  (Quantitative  Analysis,  1870,  289)  differs  only 
slightly  from  this,  as  he  conducts  the  gases  given  off  on  boiling  into  a 
vacuous  tube,  these  gases  being  subsequently  decanted  into  a  vessel 
containing  mercury.  In  the  Analyst  for  March,  1893,  there  is  an 
abstract  of  a  paper  by  G.  Musaio,  on  methods  in  use  for  determining 
the  quantity  of  gas  dissolved  in  potable  waters.  He  obtains  the 
gases  by  boiling  the  water  in  a  flask  completely  filled  by  it,  the 
gases  being  received  into  another  flask  filled  with  boiling  distilled 
water,  at  the  pressure  of  the  atmosphere ;  but  as  each  increment  of 
gas  increases  the  pressure,  and  this  in  a  flask  closed  by  a  cork,  there 
must  be  liability  to  leakage.  The  connections  are  made  by  means  of 
india-rubber  corks,  and  india-rubber  tubes  with  pinch- cocks,  and 
there  are  11  junctions,  all  of  glass  and  india-rubber,  in  any  of  which 
leakage  may  occur.  To  this  class  also  belongs  an  apparatus  de- 
scribed and  figured  by  Bremer  in  Rec.  Trav.  Chim.,  11,  278  (Abstr., 
1893,  ii,  432). 

The  great  disadvantage  of  this  method  is  that  it  affords  no  means 
•of  estimating  separately  the  gases  given  off  at  the  ordinary  tempera- 
ture, and  on  boiling. 

The  second  class  does  separate  the  two  sets  of  gases,  and  may  be 
typified  by  M'Leod's  apparatus  (/.  Chem.  Soc,  1869,  307).  In 
this  "  apparatus  for  determining  the  quantities  of  gases  existing  in 
solution  in  natural  waters,"  a  Torricellian  vacuum  is  produced  in  the 
first  place,  and  the  water  to  be  examined  is  driven  into  the  vacuum ; 
the  gases  given  off  at  50°  C.  are  then  pumped  out  by  a  Sprengel. 
After  the  vacuum  has  been  restored,  the  water  is  heated  by  means 
of  a  hot- water  pipe  arrangement,  and  the  gases  given  off  are  again 
removed  by  the  Sprengel. 

Gamgee,  in  his  Text-book  of  the  Physiological  Chemistry  of  the 
Animal  Body,  1880  (1,  196),  gives .  an  article  on  the  separation 
and  determination  of  the  gases  in  blood.  The  blood  is  received 
into  a  graduated  burette  with  stop-cock,  which  is  filled  with  mer- 
cury, and  communicates  below  with  a  mercurial  reservoir.  From 
the  burette  the  blood  is  forced  through  suitable  connecting  tubes 
into  the  vacuous  chamber  of  a  mercurial  pump.  Several  pumps  are 
described — Ludwig's,  in  which  the  vacuum  is  Torricellian  ;  Pfliiger's, 
in  which  the  vacuum  is  also  Torricellian,  but  in  which  there  is  an 
arrangement  by  which  the  water  vapour  disengaged  in  a  vacuum 
from  the  blood  is  at  once  absorbed.  Alvergniat's  pump  is  similar  to 
Pfliiger's,  but  the  barometric  chamber,  that  is,  the  chamber  in  which 
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the  vacuum  is  formed,  is  much  smaller,   and  therefore   sooner  ex- 
hausted. 

In  the  British  Medical  Journal  of  18th  August,  1888,  is  an  address: 
by  M'Kendrick  on  the  gaseous  constituents  of  the  blood  in  relation 
to  respiration.  The  pump  figured  here  acts  also  by  producing  a 
Torricellian  vacuum,  and  in  all  the  pumps  mentioned  the  gases  are- 
obtained  for  analysis  ultimately  by  raising  the  mercury  reservoir,  and 
driving  the  gases  through  connecting  tubes  into  suitable  vessels,  re- 
quiring, therefore,  a  considerable  supply  of  mercury  other  than  that 
in  use  with  the  Sprengel. 

These  apparatus  of  the  second  class  are  highly  complicated,  and  have 
many  stop-cocks  and  other  connections ;  in  some  of  these  connec- 
tions, for  example,  in  the  case  of  an  india-rubber  tube  with  pinch- 
cock,  it  must  be  almost  impossible  to  complete  the  union  without 
including  a  little  atmospheric  air. 

In  the  apparatus  which  I  have  devised  I  make  use  of  the  water- 
pump  to  produce  a  vacuum  in  the  first  place,  supplementing  its 
action  by  that  of  the  Sprengel.  The  gases  are  separated  into  those 
given  off  at  the  ordinary  temperatures,  and  on  boiling,  and  the  in- 
strument is  very  simple  in  its  construction.  It  is  a  slightly  modified 
form  of  the  apparatus  I  showed  and  described  at  the  chemical 
section  of  the  British  Association  held  at  Nottingham  in  September, 
1893. 

A  glass  flask,  A  (p.  46),  of  500  c.c.  capacity,  is  joined  by  means  of 
its  tubular  termination  to  a  second  flask,  B,  of  200  c.c.  capacity,  the 
connection  being  made  by  india-rubber  tube  covered  by  a  water- 
seal.  B  must  have  a  long  and  evenly  tubular  neck  to  allow  of  the 
movement  up  and  down  of  this  water  seal.  In  the  lower  flask  is 
suspended  from  the  upper  one  a  thermometer  reading  up  to  150°  C. 
A  piece  of  slender  glass  rod,  narrow  enough  to  pass  up  the  tubular 
end  of  A,  and  about  25  mm.  in  length,  is  narrowed  in  the  middle,  a 
piece  of  platinum  wire  is  wound  by  one  end  round  the  narrowed 
portion,  and  the  rod  is  pushed  up  into  the  flask  by  pushing  with  a 
stout  wire,  and  pulling  at  the  unattached  end  of  the  platinum  wire  ; 
the  rod  is  fixed  transversely  across  the  lower  opening  of  the  flask,  and 
to  the  dependent  wire  is  attached  the  thermometer. 

Prom  the  neck  of  flask  A  ascend  two  millimetre  tubes.  The  right- 
hand  one  communicates  by  means  of  a  two-way  tap,  F,  with  a  vessel, 
C,  having  a  capacity  of  more  than  50  c.c,  and  closed  above  by  a 
well-fitting  glass  stopper.  This  vessel  is  graduated  at  25  and  50  c.c. 
The  two-way  tap  alternately  makes  communication  between  A  and 
C,  or  between  C  and  the  small  capillary  or  millimetre  tube  JET, 
30  mm.  long.  This  capillary  tube  should  be  tilled  from  C  with 
boiled  distilled  water  to  displace  the  air  which  it  contains.     The 
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capacity  of  the  tube  is  so  small  that  the  amount  of  water  which  it 
contains  may  be  neglected.  Of  course  the  water  examined,  when 
introduced  at   jff,  is  diminished  by    that   amount.     If  desired,  the 


necessary  correction  can  be  made  by  a  slight  scratch  above  the  25 
and  50  c.c.  mark,  and  the  vessel  filled  to  the  corrections.  S  may  be 
lengthened  by  the  addition  of  a  longer  tube,  K. 
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The  tube  on  the  left  side  rises  to  the  level  of  the  bottom  of  C ;  it 
is  then  bent  at  a  right  angle,  and,  proceeding  in  a  horizontal  direc- 
tion, has  two  tubes,  supplied  with  stop-cocks,  joined  on  to  it.  The 
first  passes  upwards,  and  is  attached  by  a  water,  or  glycerine,  seal  to 
a  mercury  tube,  D,  doubled  on  itself  above  and  below,  as  shown,  and 
having  the  length,  from  one  doubled  end  to  another,  of  880  mm. 
This  tube  is  graduated  in  millimetres,  from  0  to  400,  injtwo  direc- 
tions, downwards  in  the  open  limb,  and  upwards  in  the  long  part  of 
the  tube,  starting,  in  each  case,  from  the  level  of  the  horizontal  tube. 
This  tube  is  filled  with  mercury  up  to  the  zero  points ;  it  indicates 
the  rate  of  exhaustion  of  the  apparatus,  and  is  also  a  test  of  leakage. 

The  second  tube,  E,  a  little  further  on,  passes  downwards,  for  the 
purpose  of  attachment  to  a  Geissler's  water-pump.  Still  farther  on, 
the  main  tube  receives  a  stop-cock,  and  then  bends  downwards  for 
connection  with  a  Sprengel  pump. 

The  flask  A  is  cooled  by  a  covering  of  some  porous^material  satu- 
rated with  water.  What  is  known  to  surgeons  as  Gamgee  tissue 
answers  very  well ;  this  consists  of  a  layer  of  cotton-wool,  freed 
from  fat,  and  enclosed  between  two  layers  of  gauze.  A  little  jacket 
of  this  material  is  fastened  round  the  upper  part  of  the  flask  by  a  thin 
wire,  passing  through  a  pair  of  eyelet  holes,  such  as  are  used  in  the 
manufacture  of  boots.  To  the  upper  end  of  the  tube,  forming  the 
water-seal,  is  fixed  an  india-rubber  tube,  cut  out  to  receive  the  glass 
tube,  and  conveying  away  the  surplus  water  from  the  jacket  above. 
The  thin  wire  that  fastens  together  the  jacket  turns  down  to  hold  up 
the  rubber  tube,  and  so  prevent  kinking.  If  thoroughly  wetted  at 
the  commencement  of  the  operation,  very  little  additional  water  is 
required  for  the  purpose  of  keeping  down  the  temperature. 

Flask  B,  having  been  separated  from  A,  after  a  previous  experi- 
m.ent,  and  emptied  of  its  contained  liquid,  is  secured,  by  a  wired 
india-rubber  connection,  and  water  seal,  to  A.  The  terminal  tube  and. 
tube  E  are  put  into  connection  with  the  mercurial  and  the  water 
pump.  The  liquid  to  be  examined  may  be  introduced  into  the 
apparatus  either  by  the  mouth  of  the  vessel  C,  or,  without  access  of 
air,  by  the  capillary  tube  H.  In  the  former  case,  the  stopper  of  G  is 
removed,  and  the  two-way  tap  is  closed  to  both  of  its  communications. 
In  the  latter  case,  after  filling  the  space  from  the  two-way  tap  to  the 
end  of  JI  by  running  out  boiled  distilled  water  from  C,  the  stopper  is 
retained  in  its  place,  and  the  two-way  tap  is  turned  so  that  G  and  A 
communicate. 

The  Avater  pump  is  set  to  work,  and,  with  high-pressure  water,  the 
apparatus  is  exhausted  to  about  740  mm.  in  10  minutes.  In  a  trial 
experiment,  after  10  minutes  action  of  the  Geissler,  the  height  of  the 
mercurial  column  raised  by  the  exhaustion  was  738  mm.     The  tension 
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of  water  vapour  at  the  temperature  recorded  in  tlie  lower  flask,  B 
(18°),  equals  15*5  mm.,  making  the  whole  height,  in  a  dry  tube, 
763*5  mm.  The  reading  of  a  standard  barometer  at  the  time  was 
766"8,  the  difference  being  thus  only  3 '3  mm.  When  the  Geissler 
ceases  to  depress  the  mercury,  the  stop-cock  at  E  is  closed,  and  ex- 
haustion is  completed,  in  about  30  minutes  more,  by  the  Sprengel. 
F.  J.  Smith,  in  Nature,  3rd  August,  1893,  describes  and  figures  a 
"  Periodic  Mercurial  Pump,"  for  refilling,  automatically,  the  Sprengel 
reservoir,  by  means  of  a  water  pump.  By  utilising  the  Geissler  in 
this  way,  the  labour  of  refilling  the  Sprengel  by  hand  is  abolished. 
That  a  vacuum  has  been  obtained,  is  shown  by  the  well-known 
metallic  click  of  the  falling  mercury  in  the  Sprengel,  and  by  the  fact 
that  bubbles  of  air  cease  to  be  given  off  at  the  end  of  the  delivery 
tube :  not  by  the  mercurial  tube  D,  as  it  is  impossible  to  be  certain 
that  the  temperature,  and  consequently  the  tension,  of  water  vapour 
in  the  upper  part  of  D  is  the  same  as  in  flask  B,  where  the  thermo- 
meter is  read. 

The  liquid  to  be  examined  for  gases  is  then  introduced  by  the 
mouth  of  C,  in  which  case  it  is  poured  up  to  the  25  or  50  c.c. 
mark ;  then,  by  cautiously  making  communication  between  G  and  H, 
the  liquid  flows  into  A,  and  then  into./?;  if  100  c.c.  are  required,  this 
step  is  repeated.  If,  however,  the  filling  is  to  be  done  without  access 
of  air,  the  tube  H  is  allowed  to  dip  into  a  beaker  coataining  the  liquid 
to  be  examined,  and  communication  opened  between  it  and  G.  In 
this  way,  the  liquid  is  allowed  to  rise  up  to  25  or  50  c.c. ;  the  tap  then 
opening  the  way  from  G  to  A,  the  contents  of  G  will  descend  into  A 
and  B,  the  operation  being  repeated,  if  necessary.  If  it  is  required 
to  remove  the  water,  or  other  liquid,  from  any  depth,  such  as  the 
bottom  of  a  Winchester  quart,  a  suitable  length  of  glass  tube  of  small, 
or  capillary,  bore  should  be  filled  with  the  liquid  and  attached  to  H 
by  india-rubber  tubing.  If  the  bore  is  sufficiently  small,  the  liquid 
will  remain,  by  capillary  attraction,  high  enough  to  permit  its  being 
raised  sufficiently  above  the  surface  of  the  liquid  to  allow  of  its 
attachment  to  H,  without  admitting  air. 

The  quantity  of  liquid  employed  may  vary  from  100  c.c.  of  an 
ordinary  drinking  water  to  50,  25,  or  10  c.c.  of  a  mineral  or  aerated, 
water. 

The  liquid  is  allowed  to  stand  for  an  hour,  so  that  gases  disengaged 
at  ordinary  temperatures  may  come  off.  These  are  collected  by  the 
Sprengel,  and  analysed  in  the  usual  way. 

The  vacuum  having  been  restored  in  this  way,  heat  is  gently 
applied  to  B,  by  means  of  a  Bunsen  burner.  If  carefully  done,  there 
is  no  bumping.  At  first,  I  made  use  of  small  pieces  of  platinum  foil 
to  prevent  bumping,  but  found  it  unnecessary  to  do  so.     The  effect 
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of  heat  is,  by  disengaging  gas  and  lessening  the  vacuum,  to  raise  the 
temperature  of  the  water,  or  other  liquid,  and  the  tension  of  the 
vapour.  At  first,  the  water  boils  when  it  is  scarcely  warm ;  gradually 
the  mercurial  column  rises  in  the  short  limb  of  D,  the  record  of  the 
thermometer  increases,  and  the  liquid  gets  hotter. 

"When  the  readings  of  the  mercurial  tube  and  the  thermometer 
remain  constant,  the  Bnnsen  is  removed.  The  gases  given  off  by 
boiling  are  then  collected  by  the  Sprengel,  and  analysed.  If  ordinary 
pressure  and  boiling  temperature  have  been  attained  before  all  the 
gases  presumably  have  been  given  off,  the  Bunsen  is  removed,  the 
gases  pumped  out,  and  a  second  boiling  is  proceeded  with.  Practic- 
ally, no  water  passes  over  with  the  gas,  if  the  jacket  at  J.  is  kept  cool, 
and,  therefore,  no  error  arises  from  solubility  of  the  gases  in  the 
distilled  water,  as  is  the  case  with  some  other  forms  of  apparatus. 

Besults  obtained  by  Methods  described. 

Ratio  of  dissolved  gases  in  water  by  calculation  at  20°  C,  is — 

O , 28-23 

N, 6414 

CO3 17-52 

100-00 

Professor  M' Lead's  Figures,  c.c.  per  100  vols.     Grand  Junction  Canal 

Water. 
At  50°  C,  Bj  distillation.  Total. 

O2 1-391  0-007  1-398 

No 0-609  0-011  0  620 

CO2    0-420  3-877  4-297 

2-42  3-895  6-315 


Ratio  taking  only  CO2  at  50°  0, — 

O2 24-9 

N", 65-2 


* "^  I  "Very  near  to  the  theoretical 


CO2 19-9 


j      figures. 


Ratio  taking  both  quantities  of  CO2 — 

O2 9-8 

K, 22-1 

cbj 68-1 

showing  the  disturbing  influence  of  the  CO2  given  off  by  boiling, 
which  is,  as  the  following  figures  show,  derived  from  the  decomposition 
of  the  calcic  bicarbonate,  and  is  not  simply  dissolved  gas, 
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Gases  in  Main  Water. 

At  50''  C.  By  distillation.  Total. 

O2 0-671  0014  OnSS 

N, 1-348  00:53  1-381 

COo 0-045  0-071  0-116 


2-064  0118  2-182 

Ratio  per  Total. 

O   30  7 

isr^ 61-8 

CO2 7-5 

Frofessor  Franldand,  "  Water  Analysis,^'  1888,  worJcing  hy  Fresenius' 

Method. 
Rain  water.        Deep  chalk  well  water. 

O2 0-637  0-028 

N2 1-308  1-944 

CO, 0-128  5-520 

Satios. 

O2 30-7  0-373 

K2 63-0  25-948 

CO2 6-3  73-679 

My  figures.     Nottingham  Water  Supply. 


9tli  May,  1893. 

16th 

Mny,  1S93. 

60°  F.    Boiling. 

Total. 

60°  F. 

Boiling.    Total. 

03 

, . . .     0-40      0-76 

1-16 

0-36 

0-67       1-03 

Na 

...      1-24      2-25 

3-49 

1-34 

2-47      381 

COj  .... 

...     0-10      0-52 

0-62 

0-09 

0-39      0-48 

1-74      3-53 

5-27 

1-79 

3-53       5-32 

Ratio, 

9th  May, 

for  total. 

Oa 

.       220 

N2 

.     66-2 

CO, 

.     11-8 

The  -water  of  the  16th  May  was  titrated  with  decinormal  acid  and 
methyl-orange,  to  ascertain  the  amount  of  calcium  carbonate ;  and, 
in  another  quantity  of  the  same  water,  after  expulsion  of  the  gases 
by  boiling  and  filtration  of  the  water,  the  amount  of  calcium  carbon- 
ate remaining  in  solution  was  estimated. 
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100,000  parts  contained 


-^ 


r 

Eefore  After 

boiling.  boiling. 

CaCOs 9'25  7-5 

=  CO2 407  3-3 

In  c.c 2060  1670 

=  per  cent 2-06  1-67 

Difference  =  0'39,  which  is  the  same  figure  as  that  obtained  by 
measuring  the  CO2  given  olf  on  heating. 

This  shows  that  the  gas  given  off  at  ordinary  temperatures  in  a 
vacuum  is  the  dissolved  gas ;  that  given  off  on  heating  is  derived 
from  the  decomposition  of  the  bicarbonate  of  calcium,  CaH2(C03)2, 
CO2  being  given  off  in  exact  proportion  to  the  CaCOs  thrown  down  by 
heating.  Of  coarse,  on  heating  under  the  ordinary  pressure,  the 
usual  amount  of  CaCOa  would  be  thrown  down,  namely,  all  but 
2  in  100,000  of  water. 

The  oxygen  appears  to  be  entirely  removed  by  heating.  If  water 
containing  caustic  potash  is  heated  in  the  manner  described,  and  the 
resulting  freed  gases  pumped  out,  on  adding  an  air-free  solution  of 
pyrogallol  to  the  flask  contents,  no  change  of  tint  occurs  in  the  mixed 
solutions.  If  now  air  is  allowed  to  enter,  the  usual  darkening  occurs 
at  once. 

I  conclude,  therefore,  that  dissolved  CO2  is  given  off  at  ordinaiy 
temperatures  in  a  vacuum,  and  that  the  oxygen  is  entirely  driven  off 
by  boiling ;  but,  with  respect  to  nitrogen,  I  can  offer  no  opinion. 


IX. — Studies    on   the    Structure    of  Azohenzene.      The 

action   of  Bromine   on   Azohenzene;    'production  of 

Tetrahromohenzidine. 

By  Chas.  Mills,  Assoc.  C. G.L.I. 

Among  coloured  substances  of  simple  composition,  azohenzene  is  one 
of  the  very  few  which  is  represented  by  a  formula  of  a  non- 
quinonoid  type,  and  moreover  by  a  formula  which  cannot  well  be 
modified  so  as  to  bring  this  compound  within  the  "  colour  rule  "  to 
which  Dr.  Armstrong  has  so  persistently  directed  attention  in  recent 
years  (Proc,  March,  1888,  27  ;  1892,  101,  143,  189;  1893,  52,  206.) 

Nietzki,  in  the  introduction  to  his  Chemie  der  Organischen  Farb- 
stqffe,  calls  attention  to  the  peculiarities  of  azohenzene  in  the  following 
words  : 

"  Eine  Klasse  von  Farbstoffen,  deren  Eigenschaften  mit  Bezug  auf 
ihre  Constitution  auffallen  miissen,  sind  die  Azokorper,  speoiell  aber 
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ilir  einfacbster  Reprasentant,  das  Azobenzol.  Wahrend  wir  durch 
Substitution  eines  einzelnen  Wasserstoiis  in  einem  Benzolring,  selbst 
wenn  zwei  solche  Ringe  durch  ein  zweiwerfchiges  Radikal  verkettet 
werden,  wenig  oder  gar  nicht  gefarbte  Korper  erhalten,  ist  das 
Azobenzol  eine  intensiv  gefarbte  Verbindung  nnd  ein  starkes 
Chromogen.  Es  liesse  dieses  an  sich  fast  die  Vermuthung 
aufkommen,  dass  dem  Azobenzol  nicht  in  alien  Reaktionen  die 
einfache  Constitutionsformel  CeHj-NiN-CeHs  zukommt,  nnd  einzelne 
Thatsachen  konnten  hier  zu  weiteren  Speculationem  verleiten.  Die 
grosse  Leichtigkeit  mit  welcher  das  Azobenzol,  namentlich  aber 
das  daraus  entstehende  Hydrazobenzol,  in  ein  Derivat  des  Diphenyls, 
das  Benzidin,  iibergeht,  scheint  fast  daranf  hinzudeuten,  dass 
Zwischen  den  beiden  Benzolkernen  eine  Art  von  loser  Bindung 
vorliegt.  Es  liesse  sich  diese  nur  mit  der  Anschauung  vereinigen, 
dass,  nach  Analogic  der  Chinone,  eine  Losung  der  doppelten 
Bindungen  im  Benzolring  stattlindet.     Es  kame  diese  Auffassang  in 

N N 

II  II 

nachstehenderFormelznniausdruek,  1  •  Selbstredend 

H  H 

gehoren  derartige  Formeln  in  das  Gebiet  der  Hjpothese,  nnd  konnen 

nur  als  Versuche,  die  sammtlichen  Farbstofie  unter  einen   gemein- 

samen  Gesichtspunkt  zubringen,  betrachtet  werden." 

N N 

II 


The   alternative  ortho-formula    11      la     ill      ll    is     not      open    to 

\^  %/ 

quite  the  same  objection,  and  is  perhaps  more  in  accordance  with 
the  marked  red  colour  of  azobenzene  ;  but  both  expressions  equally 
fail  to  inspire  confidence,  as  the  mode  of  condensation  they  picture 
has  not  hitherto  been  recognised  as  occurring  between  two  cycloids, 
and  even  the  ortho-formula  is  not  a  satisfactory  expression  from 
Dr.  Armstrong's  point  of  view. 

Under  these  circumstances,  it  appeared  desirable  to  further  study 
azobenzene  and  its  derivatives,  and,  therefore,  at  Dr.  Armstrong's 
request,  I  undertook  to  examine  its  behaviour  with  bromine,  as  the 
statements  on  record  are  in  some  respects  remarkable ;  thus  Werigo 
has  described  a  colourless  tetrabromazobenzene  (Annalen,  165,  200). 
The  existence  of  such  a  compound  would  undoubtedly,  in  a  measure, 
serve  to  confirm  the  view  that  azobenzene  has  not  the  constitution 
which  is  commonly  attributed  to  it.  My  experiments  show,  however, 
that  Werigo  was  in  error,  and  that  the  compound  described  by  him 
las  tetrabromazobenzene  is  simply  tetrabromobenzidine. 
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Rodatz  has  described  (Avnalen,  215,  217)  tetra- and  hexa-bromazo- 
benzenesulphonic  acids  of  the  formul£e 


^<Z> 


which  are  of  interest  in  connection  with  the  question  raised  in  this 
comraanication.  The  salts  of  the  tetrabromo-acid  appear  to  manifest 
properties  such  as  derivatives  of  azobenzene  might  be  expected  to 
exhibit ;  the  description  given  of  the  derivatives  of  the  hexabrom- 
acid  is  somewhat  less  satisfactory.  I  have  endeavoured  to  prepare 
this  latter  acid,  but  have  not  been  so  successful  as  Rodatz,  and  am 
inclined  to  think  that  the  action  is  by  no  means  so  simple  as  is 
implied  in  his  account.  I  therefore  propose  to  further  study  the 
behaviour  of  the  bromanilinesulphonic  acids  on  oxidation  with  per- 
manganate. 

H.  von  Reiche  has  described  (Annalen,  203,  64)  two  azobenzene- 
tetrasulphonic  acids  formed  by  reducing  1:2:4-  and  1:3:  5-nitro- 
benzenemetadisulphonic  acids.  That  prepared  from  the  1:3:  5-acid 
yields  colourless  salts  ;  when  it  is  mixed  with  stannous  chloride,  no 
action  is  apparent,  and  the  product  resembles  the  parent  substance  ; 
but  V.  Reiche  nevertheless  regards  this  "  product  "  as  a  hydrazo- 
acid,  as  it  is  converted  into  a  benzenemetadisulphonic  acid  by  the 
action  of  nitrous  acid,  &c.  There  can  be  no  doubt  that  v.  Reiche 
never  had  an  azobenzene  derivative  in  his  hands,  and  that 
his  product  was  the  amido-acid  corresponding  with  the  nitro- 
acid  used.  The-  same  is,  perhaps,  true  of  the  reduction 
product  he  prepared  from  the  1:2:  4-nitro-acid,  which  he 
describes  as  /3-azobenzenetetrasulphonic  acid ;  some  of  the  salts  of 
this  acid  are  spoken  of  as  coloured,  but  there  is  no  reference  to 
colour  in  the  case  of  the  sulphonic  chloride,  and  the  sulphonamide 
is  described  as  a  yellowish,  crystalline  mass.  The  corresponding 
hydrazo-acid  is  said  to  yield  diazobenzenedisulphonic  acid  when  sub- 
jected to  the  action  of  nitrous  acid.  The  a-diazo-acid,  according  to 
V.  Reiche,  behaves  in  a  peculiar  manner  with  phosphorus  penta- 
chloride,  but  there  appears  to  have  been  no  difficulty  in  the  case  of 
the  yS-acid  in  obtaining  a  sulphonic  chloride ;  as  amido-acids  do  not 
yield  sulphonic  chlorides,  this  latter  statement  is  remarkable,  and  it 
will  be  necessary  to  revise  von  Reich  e's  work. 

Action  of  Bromine  on  Azobenzene.  Azobenzene  Pcrbronude. — Azoben- 
zene, according  to  Werigo,  readily  combines  with  bromine,  forming  a 
highly  unstable  hexabromide ;  it  is  easy  to  prepare  this  substance  by 
following  his  dii-ections,  but  it  loses   bromine  with  such  readiness 
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tliat  it  must  be  a  matter  of  great  difficulty  to  satisfactorily  determine  its 
composition  ;  on  exposure  to  air,  the  whole  of  the  bromine  is  given 
off,  leaving  unaltered  azobenzene.  As  it  was  conceivable  that  this 
perbromide  might  be  analagons  in  composition  to  a  diazoperbromide, 
it  was  added  to  a  concentrated  solution  of  ammonia ;  but  no  azoimide 
was  formed,  the  product  consisting  chiefly  of  unchanged  azobenzene 
mixed  with  a  small  proportion  of  paradibromazobenzene,  m.  p.  205°. 

With  the  object  of  preparing  higher  derivatives,  I  have  made  a 
number  of  experiments  on  the  action  of  bromine  on  azobenzene  in 
different  solvents  at  temperatures  varying  from  60°  to  90°  (compare 
Janovsky,  Monatsh.,  1887,  8,  49). 

The  results  show  that  bromine  has  very  little  action  on  azobenzene 
dissolved  in  either  acetic  acid  or  chloroform,  most  of  the  azobenzene 
being  unattacked.  In  the  case  of  acetic  acid,  small  amounts  of  meta- 
bromazobenzene  (m.  p.  65 — 56°)  and  o-dibromazobenzene  (m.  p,  187°) 
were  obtained,  while,  on  using  chloroform  as  a  solvent,  ^-dibromazo- 
benzene  (m.  p.  205°),  o-bromazobenzene  (m.  p.  87°),  and  o-dibromazo- 
benzene (m.  p.  187°)  were  produced,  all,  however,  in  very  small 
quantity. 

On  heating  azobenzene  with  bromine  in  a  sealed  tube  at  100°,  a 
quantity  of  symmetrical  tribromaniline  was  formed,  the  rest  of  the 
product  being  resin. 

The  resistance  which  azobenzene  opposes  to  the  action  of  bromine 
is  very  striking,  and  it  would  seem  that  the  preparation  of  pure 
bromo-derivatives  by  the  direct  action  of  bromine  is  a  matter  of  con- 
siderable difficulty. 

Conversion  of  Azobenzene  into  Tetrabromohenzidine. — The  substance 
described  by  Werigo  as  tetrabromazobenzene  was  prepared  by  adding 
bromine  to  a  hot  concentrated  alcoholic  solution  of  azobenzene  ;  its 
preparation  in  this  manner  is  very  easily  effected :  the  azobenzene  is 
dissolved  in  about  twice  its  weight  of  hot  alcohol,  and  from  three  to 
four  times  its  weight  of  bromine  is  poured  down  the  condenser  tube 
when  the  mixture  is  nearly  boiling ;  very  vigorous  action  ensues, 
bromine  and  hydrogen  bromide  being  given  off. 

The  mixture  eventually  becomes  solid.  On  filtering  off  the  solid 
product  and  well  washing  it  with  a  little  alcohol,  a  white  residue 
is  obtained.  On  extracting  this  product  with  boiling  alcohol,  a  con- 
siderable proportion  is  dissolved;  this  soluble  portion  consists  of 
tribromaniline,  m.  p.  119°.  As  the  substance  obtained  after  ex- 
tracting the  tribromaniline  agreed  in  its  properties  with  the  descrip- 
tion given  by  Werigo,  in  the  first  instance,  I  subjected  it  to  the  action 
of  stannous  chloride  :  the  product  was  purified  without  difficulty  by 
recrystullising  it  from  boiling  xylene,  from  which  it  separated  in 
short,  flat  needles  melting  sharply  at  284 — 286°  (uncorr.).     This  sub- 
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stance  was  proved  by  direct  comparison  to  be  identical  with  the 
tetrabromobenzidine  prepared  by  Claus  and  Risler  from  benzidine  by 
direct  bromination  (Ber.,  14,  86).  In  the  course  of  the  experiments, 
I  was  led  to  notice  the  very  close  resemblance  of  the  product  described 
by  Werigo  as  tetrabromazobenzene  with  this  tetrabromobenzidine,  and 
therefore  reexamined  the  crude  product ;  ultimately,  by  repeatedly 
recrystallising  it  from  boiling  xylene,  a  product  indistinguishable 
from  tetrabromobenzidine  was  obtained.  When  impure,  the  substance 
chars  before  it  melts,  and  this,  perhaps,  accounts  for  the  high  melting 
point  observed  by  Werigo.  The  difference  in  composition  between 
tetrabromazobenzene  and  tetrabromobenzidine  is  so  slight  that  it  is 
impossible  to  decide  by  analysis  which  compound  is  dealt  with ;  and 
the  absence  of  basic  properties  makes  it  difficult  to  differentiate  the 
tetrabromobenzidine. 

The  following  analyses  of  the  product  from  azobenzene  were  made. 

Subs.  0-1885.     AgBr  02836  Br  64-02 

„      0-2342.         „     0-3527   „  64-08 

„      0-1927.         „     0-2892   „   63-86 
Subs.  0-1226.  N,  6-2  c.c.  (moist)  ;  t.  17° ;  bar.  758  mm.    N  5-96. 
Theory  for  C.aHgBriNa :  Br  64-00.     N"  5-60. 

Acetylation  of  Tetrahroniohenzidine  and  Benzidine. — On  merely 
boiling  the  tetrabromobenzidine  with  a  large  excess  (six  times  its 
weight)  of  acetic  oxide,  a  product  was  obtained  which  was  easily 
purified  by  crystallisation  from  benzene,  from  which  it  separated  in 
fine  needles  melting  at  about  306°  (uncorr.)  ;  this  substance  was  also 
easily  soluble  in  carbon  disulphide  and  chloroform,  less  easily  in 
alcohol,  and  insoluble  in  ether  and  petroleum  spirit. 

The  results  of  the  analyses  made  of  this  substance  prove  it  to  be  a 
tetracetate. 

Subs.  0-1343.  AgBr  01512  Br  4791 
„  0-1434.  „  0-1617  „  47-97 
„      0-2670.        „      0-3012    „  48-00 

Subs.  0-2073.  Na  8  c.c.  (moist);  ^22°;  bar.  760.   N4-47. 
Theory  for  Ci2H4Br4N2Ac4 :  Br  47-90;  N  4-19. 

The  formation  of  this  tetracetate  is  effected  with  remarkable  readi- 
ness ;  as  no  corresponding  derivative  of  benzidine  has  been  described, 
I  subjected  benzidine  to  the  action  of  an  excess  of  acetic  oxide ;  the 
diacetate,  m.  p.  317",  was  almost  immediately  produced,  but  prolonged 
boiling  was  necessary  to  effect  further  acetylation. 

Ultimately  a  product  was  obtained  which  still  contained  diacetate  ; 
on  boiling  this  with  benzene,  a  large  proportion  dissolved,  but  sepa- 
rated from  the  liquid  on  cooling ;    after  recrystallibing  this  producj 
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from  a  mixture  of  alcohol  and  benzene,  it  was  obtained  in  long,  silky 
needles  melting  at  214 — 215°.     Analysis  shows  it  to  be  a  tetracetate. 

Subs.  0-1307.     Na  9  c.c.  (moist)  ;  t.  11-5°;  bar.  747  ;  X  8-15. 
„     0-2804.      ,,18-8  „         ^.11-5°;  bar.  747-4;  N  7-94. 

Theory  for  C12H8N2AC4  :  N  795. 

Benzidine  tetracetate  is  but  slightly  soluble  in  benzene  and  ether, 
but  readily  in  alcohol  and  chloroform.  It  is  known  that  tribrom- 
aniline  is  readily  converted  into  a  diacetate  (Remmers,  Ber.,  7,  350), 
and  Claus  and  Philipson  have  recently  described  (/.  jpr.  Chem.,  [2], 
43,  47 — 61)  diacetates  of  I'-bromo-  and  1  :  3'-dibromo-betanaph- 
thylamine ;  it  would  seem,  therefore,  that  the  two  atoms  of  hydrogen 
in  the  NH2  group  of  amines  are  the  more  readily  displaced  by 
acetyl  the  less  basic  the  amine. 

Constitution  of  Tetrabromohenzidine. — It  was  to  be  expected  that 
benzidine  would  furnish  a  tetra-ortho-derivative,  and  this  proves  to 
be  the  case.  It  is  not  easy  to  diazotise  tetrabromohenzidine ;  the 
method  finally  adopted  was  to  dissolve  it  in  15  times  its  weight  of  oil 
of  vitriol  and  to  gradually  add  four-tenths  of  its  weight  of  finely- 
powdered  sodium  nitrite  ;  after  several  hours,  the  mixture  was  poured 
into  20  times  its  weight  of  cooled  dehydrated  alcohol,  and  after  warm- 
ing the  solution  until  gas  was  no  longer  evolved,  it  was  cooled  and 
the  product  filtered  off.  The  product  could  not  be  obtained  in  a 
satisfactory  condition  by  mere  recrystallisation,  but  it  was  eventually 
purified  by  partially  oxidising  it  by  boiling  with  a  solution  of  chromic 
anhydride  in  acetic  acid ;  after  this  treatment  it  crystallised  from 
benzene,  in  which  it  was  but  moderately  soluble,  in  white,  microscopic 
needles  melting  at  189°;  of  this  substance,  0-1723  gave  0-2753  AgBr 
^r.  Br  67-99 ;  the  percentage  of  bromine  in  tetrabromodiphenyl  being 
68'08,  there  was  no  doubt  it  was  this  substance.  A  satisfactory 
amount  of  the  diphenyl  derivative  may  be  obtained  in  the  manner 
described  if  the  oxidation  be  carefully  conducted. 

Various  methods  of  oxidising  the  tetrabromodiphenyl  were  tried, 
but  no  satisfactory  results  were  obtained  ;  by  boiling  it  with  a  solu- 
tion of  chromic  anhydride  in  acetic  acid,  a  relatively  small  proportion 
of  an  acid  was  obtained  which,  after  recrystallisation  from  alcohol, 
melted  at  212 — 213°  ;  as  this  is  the  melting  point  of  dimetadibromo- 
benzoic  acid,  there  is  little  doubt  that  this  acid  is  formed  by  oxidis- 
ing tetrabromodiphenyl  from  tetrabromohenzidine,  and  that  this  latter 
compound  is  the  tetra-ortho-derivative. 

Chemical  Department, 

C. Q.L.J.  Central  Technical  College, 

Exhibition  Boad,  S.  W. 
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X, — Corj/daline.     Part  III.    Oxidation  with  Potassium 

Permanganate. 

By  James  J.  Dobbie,  M.A.,  D.Sc,  and  Alexander  Lacder. 

In  a  previous  paper  (Trans.,  1892,  61,  605),  we  showed  that  coryd- 
aline  contains  four  methoxy-^roups  ;  by  oxidising  it  with  potassium 
permanganate,  we  have  obtained  further  light  on  the  constitution  of 
the  alkaloid.  This  oxidation  was  carried  out  with  small  quantities  of 
the  material,  about  8  grams  being  used  for  each  operation  ;  for  this 
purpose,  the  alkaloid  was  suspended  in  about  2  litres  of  boiling  water, 
and  a  solution  of  potassium  permanganate  added  until  it  was  no 
longer  reduced,  the  liquid  in  which  the  alkaloid  was  suspended  being 
kept  at  the  boiling  point  all  the  time:  the  amount  of  permanganate 
required  was  about  27  grams,  dissolved  in  2 — 3  litres  of  water.  In 
the  event  of  excess  of  potassium  permanganate  having  been  added,  it 
was  reduced  by  passing  sulphur  dioxide  through  the  solution.  The 
oxidation  usually  occupied  three  hours.  The  reduction  of  the  per- 
manganate was  very  rapid  at  first,  ammonia  being  continuously 
evolved,  but,  after  about  three-fourths  of  the  solution  had  been  added, 
the  oxidation  proceeded  very  slowly.  The  corydaline  employed  was 
carefully  purified  by  repeated  recrystallisation  until  the  melting  point 
was  constant. 

When  the  oxidation  was  complete,  the  manganese  precipitate  was 
allowed  to  settle,  the  solution  filtered  off,  and  the  precipitate 
thoroughly  washed  with  boiling  water  until  the  washings  were  no 
longer  alkaline  to  litmus  paper.  The  filtrate  was  then  evaporated  to 
dryness,  the  organic  matter  extracted  with  absolute  alcohol,  the 
alcohol  distilled  off,  the  concentrated  solution  cautiously  evapor- 
ated to  dryness,  and  the  residue  dissolved  in  water.  The  potassium 
in  the  residue  having  been  estimated,  the  amount  of  sulphuric  acid 
required  to  convert  it  into  potassium  sulphate  was  added.  At  this 
stage  a  considerable  quantity  of  black,  tarry  matter  separated,  and 
was  removed  by  filtration  ;  the  solution  was  concentrated,  filtered 
from  a  further  precipitate  of  tarry  matter,  and  the  potassium  sulphate 
in  the  filtrate  precipitated  by  adding  a  large  quantity  of  absolute 
alcohol ;  the  alcoholic  solution  was  then  filtered  from  the  precipitated 
potassium  sulphate,  the  latter  being  washed  with  absolute  alcohol 
until  free  from  organic  matter.  The  greater  part  of  the  alcohol  was 
now  distilled  off,  and  the  remaining  solution  placed  in  a  desiccator 
over  concentrated  sulphuric  acid,  when  the  solution  gradually  de- 
posited a  crop  of  dark  brown  crystals  of  a  nitrogenous  organic  acid. 
On  concentrating  the  mother  liquor,  a  further  crop  of  crystals  was  ob-.' 
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tained,  but  the  separation  of  the  last  portions  of  the  acid  was  rendered 
difficult  by  the  presence  of  some  of  the  black,  tarry  matter  mentioned 
above,  which  is  easily  soluble  in  alcohol,  and  also,  to  a  slight  extent,  in 
hot  water  in  presence  of  the  acid. 

When  the  whole  of  the  acid  had  been  extracted,  the  mother  liquor 
yielded,  on  evaporation,  a  clear,  yellow,  resinous  mass.  This  residue 
is  easily  soluble  in  water  and  in  alcohol,  and  contains  an  organic  acid 
or  acids,  which  are  precipitable  by  silver  and  lead,  but  we  have  not, 
as  yet,  completed  our  examination  of  this  product  of  the  oxidation. 

The  yield  of  crystalline  acid  obtained  by  the  method  described  was 
20  per  cent,  of  the  corydaline  used.  A  portion  of  the  latter  always 
escaped  oxidation,  and  was  recovered  from  the  precipitated  manganese 
oxides. 

With  the  view  of  shortening  the  process  described  above,  we 
adopted  the  following  modification  in  some  of  our  experiments.  The 
potassium  in  the  filtrate  from  the  manganese  precipitate  was  directly 
neutralised  with  sulphuric  acid,  and  the  potassium  sulphate  precipi- 
tated with  absolute  alcohol,  the  rest  of  the  operation  being  carried  ou 
as  already  described.  We  found,  however,  when  this  modified  pro- 
cess was  employed,  that  the  yield  of  acid  was  greatly  diminished. 
Various  other  methods  of  working  up  the  oxidation  products  were 
tried,  such  as  precipitation  with  silver  and  lead,  and  subsequent  de- 
composition with  hydrogen  sulphide,  but  none  of  them  yielded  satis- 
factory results. 

The  crude  crystalline  acid  obtained  by  the  process  described  above 
was  found,  on  examination,  to  be  homogeneous ;  it  was  purified  by 
repeated  crystallisation  from  water,  in  which  it  dissolved  readily  when 
hot,  separating  out  again  on  cooling.  The  colouring  matter  was  re- 
moved by  treatment  with  animal  charcoal,  but  even  then  the  acid  still 
retained  a  slight  yellow  tinge ;  when  pure,  it  forms  flat,  six-sided 
prisms,  which  have  the  habit  of  monoclinic  crystals.  They  contain 
3H2O. 

The  acid,  dried  at  100°,  gave  the  following  results  on  analysis. 

I.  0-3011  gave  0-5562  CO2  and  01274  HzO  ;  C  =  5038  ;  H  =  470. 


IT. 

0-2778 

„    0-5141    „ 

„   0-1158 

>> 

C  =  50-47 ; 

H  =  4-63. 

III. 

0-2766 

„    0-5094    „ 

„   0-1203 

» 

C  =  50-23 ; 

H  =  4-83. 

IV. 

0-3224 

„     0-0691  Pt. 

N"  =  309. 

V. 

0-2669 

„     0-0529   „ 

N  =  2-86. 

VI. 

0-2735 

„    0-0507   „ 

N  =  2-99. 

The  mean  result  of  Analyses  I  and  III  for  carbon  and  hydrogen, 
and  of  IV  and  VI  for  nitrogen,  gives  C  =  50-30  ;  H  =  476 ;  N  = 
3'04.  From  these  numbers  we  deduce  the  formula  CigHjiNOij,  which 
requires  C  =  50-11 ;  H  =  462  ;  J^  =  307.  The  water  of  crystallisa- 
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tion  was  determined  in  specimens  of  the  acid  which  were  dried  in  a 
vacuum  over  strong  sulphuric  acid. 

0-6549  lost  00700  at  100^    H^O  =  10-68. 
1-1365    „    01182     „  H3O  =  10-40. 

The  mean  of  the  two  determinations  is  HjO  =  10*54  per  cent. 

CigHjiN'Oiaj.SHzO  requires  HjO  =  10-61  per  cent. 
In  determining  the  water  of  crystallisation,  the  substance  must  not 
be  heated  above  100°,  as  at  higher  temperatures  and  even  on  long  con- 
tinued heating  at  this  temperature,  there  is  an  appreciable  loss  of 
weight,  owing  to  the  volatility  of  the  acid.  In  the  second  of  the  two 
estimations  quoted  above,  the  acid  was  heated  at  100°  for  six  hours 
and  weighed ;  it  was  then  heated  for  one  hour  more  and  again 
weighed,  and  as  it  was  found  to  have  lost  only  0*0006  gram,  the 
weight  was  taken  as  constant. 

We  propose  the  name  corydalinic  acid  for  this  substance.  It  is 
freely  soluble  in  hot,  but  only  to  a  slight  extent  in  cold,  water;  it  is 
also  soluble  in  methylic  and  ethylic  alcohols,  but  is  insoluble  in  ether, 
chloroform,  benzene,  and  carbon  bisulphide.  When  heated,  corvd- 
alinic  acid  melts  between  175°  and  180°,  undergoing  decomposition. 
Long  before  its  melting  or  decomposing  point  is  reached,  however,  the 
acid  begins  to  sublime ;  when  heated  on  a  large  watch  glass  covered 
with  a  funnel,  a  sublimate  of  beautiful,  silky,  colourless  needles  is  ob- 
tained. Their  identity  with  corydalinic  acid  was  proved  by  analysis 
of  their  silver  salt  and  a  determination  of  their  decomposing  or  melting 
point,  which  was  found  to  correspond  with  that  of  the  unsublimed 
acid. 

We  attempted  to  determine  the  vapour  density  of  the  acid  at  a 
temperature  sufficiently  high  to  ensure  its  complete  volatilisation,  but 
we  were  only  partially  successful,  owing  to  the  fact  that  slight  de- 
composition invariably  accompanies  volatilisation  at  a  high  tempera- 
ture, a  small  residue,  insoluble  in  water,  being  left.  In  one  deter- 
mination, made  with  Victor  Meyer's  apparatus,  using  the  vapour  of 
boiling  diphenylamine  to  volatilise  the  acid,  the  density  found  was 
252-6,  the  theoretical  value  for  dsHaiNOu  being  227*5. 

The  acid  forms  well-defined  salts,  most  of  which  are  suitable  for 
analysis. 

Potassium  Salt. — An  aqueous  solution  of  the  acid  was  neutralised 
with  potassium  hydrate,  evaporated  to  dryness,  and  the  residue  dis- 
solved in  water  and  recrystallised  several  times.  The  salt  crystallised 
in  tuffs  of  beautiful,  silky  needles,  and  gave  the  following  results  on 
analysis. 

0-1427  gave  0-0459  K2SO4.     K  =  1444. 
0-1043    ,,     0-0336      „  K  =  1446. 

CigHigNOijKj  requires  K  =  1468  per  cent. 
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Silver  Salts. — We  have  prepared  a  normal  and  an  acid  silver  salt 
of  corydalinic  acid.  The  normal  salt,  CigHnNO^'Agi,  was  obtained 
by  exactly  neutralising  the  acid  with  ammonia  and  precipitating  with 
silver  nitrate.  The  salt  separates  from  a  concentrated  solution  in  the 
form  of  a  thick,  curdy  precipitate,  but  from  more  dilute  solutions  in 
the  form  of  a  crystalline  precipitate.  This  salt  is  appreciably  soluble 
even  in  cold  water.  It  was  dried  at  100",  and  gave  the  following 
results  on  analysis. 

I.  0-4826  gave  0-2333  Ag.     Ag  =  48-34. 
11.  0-3350     „     0-1640     „      Ag  =  49-10. 

III.  0-2684    „     01313     „      Ag  =  48-91. 

IV.  0-1518     „     0-0742     „      Ag  =  48-88. 

Mean  result  of  Analyses  II  and  III.     Ag  =  49-00  per  cent. 
Ci9HnNOj2Agi  requires  Ag  =  4892  per  cent. 

The  salt  used  for  the  first  analysis  was  prepared  without  previously 
neutralising  the  acid  with  ammonia,  and  that  used  in  number  IV  was 
prepared  from  corydalinic  acid,  which,  had  been  sublimed. 

The  acid  silver  salt  was  prepared  by  adding  silver  nitrate  to  a  con- 
centrated aqueous  solution  of  the  acid,  care  being  taken  not  to  add  an 
excess  of  silver.  The  precipitate  obtained  is  gelatinous  in  appear- 
ance, but  in  reality  consists  of  a  tbick  mass  of  very  delicate,  short 
needles.     The  salt  was  dried  at  100°  and  analysed. 

0-2130  gave  0-0693  Ag.    Ag  =  32-53. 

0-2457     „     0-0802    „      Ag  =  32-64. 

0-1120     „     00361     „      Ag  =  32-23. 

Mean  result  of  above  analyses,  Ag  =  32-46  per  cent. 
CigHigNOnAgz  requires  Ag  =  32-29  per  cent. 

When  the  acid  silver  salt  is  carefully  heated,  a  beautiful  sublimate 
of  short,  needle-shaped  crystals  was  obtained ;  this  sublimate  was 
proved  to  be  corydalinic  acid  by  taking  its  melting  point,  and  testing 
it  with  the  reagents  which  precipitate  this  acid. 

Barium  Salts. — The  normal  salt  was  prepared  by  adding  a  solution 
of  corydalinic  acid  neutralised  with  ammonia  to  a  solution  of  barium 
chloride,  so  as  to  have  the  latter  always  in  excess.  The  solution  at 
first  remains  perfectly  clear,  but,  on  gently  heating,  ci-ystallisation 
begins  simultaneously  at  a  great  many  different  points,  and  the 
liquid  appears  to  fill  suddenly  with  a  mass  of  fine  crystals  which 
slowly  subside  to  the  bottom  of  the  beaker.  This  salt  is  appreciably 
soluble  in  cold  water,  and  contains  no  water  of  crystallisation.  It 
was  dried  at  100°  for  analysis. 

0-3320  gave  02152  BaSO*.     Ba  =  3812. 

0-2396    „     0 1551       „  Ba  =  3807. 

Mean  result  of  the  above  analyses,  Ba  =  38-09. 
CwHnNOijBaj  requires  Ba  =  37-82. 
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An  acid  salt  was  prepared  by  addino;  barium  chloride  to  an  aqueous 
solution  of  corydalinic  acid  neutralised  with  ammonia.  The  precipi- 
tation takes  place  in  the  same  manner  as  that  of  the  normal  salt,  but 
the  precipitate  in  this  case  forms  a  very  bulky  jelly.  The  salt  is 
slightly  soluble  in  water,  and  may  be  obtained  in  the  crystalline  form 
from  dilute  solutions.     It  was  dried  at  100°  and  analysed. 

0-2816  gave  0-0985  BaSOi.     Ba  =  22-15. 

Ci9Hi9]S'Oi2Ba  requires  Ba  =  28-24  per  cent. 

This  was  one  of  the  first  salts  of  corydalinic  acid  which  we  pre- 
pared, and  as  wc  were  ignorant  of  the  properties  of  the  acid  at  the 
time,  no  special  precautions  were  taken  to  obtain  an  acid  salt. 

Lead  Salt. — The  normal  lead  salt  was  prepared  by  precipitating 
the  acid,  after  neutralisation  with  ammonia,  with  excess  of  lead 
acetate  solution.  A  white,  gelatinous  precipitate  immediately  formed 
■which  became  distinctly  crystalline  on  standing,  and,  when  collected, 
aggregated  on  the  filter  paper  as  a  compact  film  possessing  a  magni- 
ficent silvery  lustre.  This  is  by  far  the  most  beautiful  salt  of  coryd- 
alinic acid  which  we  have  obtained.  It  contains  no  water  of  crys- 
tallisation, and  is  only  very  slightly  soluble  in  water.  It  was  dried 
at  100°  for  analysis. 

0-2.S28  gave  0-1637  PbSOi.     Pb  =  48-01. 

0-3539     „     0-2486      „  Pb  =  47-97. 

Mean  result  of  above  analyses,  Pb  =  47-99  per  cent. 
CigHnNOizPhz  requires  Pb  =  47-85  per  cent. 

The  salts  of  corydalinic  acid  show  a  marked  tendency  to  assume 
the  gelatinous  condition.  When  great  care  is  not  taken  to  observe 
exactly  the  conditions  under  which  the  normal  and  acid  salts  respec- 
tively are  formed,  a  compound  intermediate  in  composition  is  almost 
invariably  obtained.  It  is  obvious  from  inspection  of  the  formulae  of 
the  salts  described  that  corydalinic  acid  is  tetrabasic. 

With  the  view  of  determining  whether  any  of  the  four  methoxy- 
groups  present  in  corydaline  had  been  removed  by  the  oxidation 
with  potassium  permanganate,  we  treated  the  acid  with  fuming 
hydrogen  iodide  solution  by  Zeisel's  method,  as  described  in  our 
second  paper  on  corydaline  (Trans.,  1892,  61,  605).  The  results, 
although  invariably  somewhat  low,  showed  conclusively  that  ail  four 
methoxy-groups  are  still  present  in  the  acid.  The  following  were  the 
results  obtained. 

0-2373  gave  04599  Agl.     OCHj  =  2558. 

0  2633     „     0-5099     „        OCH3  =  25-57. 

019 16     „     0-3778     „        OCH3  =  26-04. 

0-3068    „     0-5996     „        OCH3  =  25-81. 

Theory  for  four  OCH3  groups  in  CioH^^NOu  =  2725  p.  c.  OCH3. 
three         „  „  ,,  =  2044  „ 


(52  DOBBIE   AND   LAUDER:   OXIDATION   OF   CORYDALINE 

Corydalinic  acid  may  therefore  be  represented  by  the  formula 
C„H,N(OCH3)4(COOH)4. 

As  we  have  found  in  previous  researches  that  Zeisel's  method  for 
determining  methoxy-groups  is  capable  of  yielding  very  accurate 
results,  and  as  we  used  every  precaution  in  applying  it  in  this  case, 
we  are  unable  to  account  for  the  discrepancy  between  the  theoretical 
numbers  and  those  actually  obtained,  unless  it  is  connected  with  the 
fact  that  the  action  of  hydrogen  iodide  breaks  up  the  acid  into  several 
simpler  compounds. 

Corydalic  acid. 

Action  of  Hydrogen  Iodide  on  Corydalinic  acid. — By  the  action  of 
hydrogen  iodide  on  corydalinic  acid  we  should  expect  to  obtain  an 
acid  bearing  the  relation  to  corydalinic  acid  indicated  by  the  following 
formulae. 

CiiH5N(OCH3)4(COOH)4  CnH6N(OH)4(COOH)4 

Corydalinic  acid.  Corresponding  hydroxy-acid. 

Tn  reality,  however,  the  decomposition  goes  much  further  than  this. 
About  4*5  grams  of  corydalinic  acid  were  boiled  with  130  c.c.  of  a 
fuming  solution  of  hydrogen  iodide  of  sp.  gr.  1"70  for  three  hours, 
using  a  reflux  condenser,  which  was  allowed  to  get  warm  at  first  so  that 
the  methyl  iodide  might  escape.  The  solution  was  allowed  to  stand 
over  night,  when  a  mass  of  long,  slender,  silky  needles  separated  ;  on 
concentrating  the  mother  liquor,  a  further  crop  was  obtained,  but  the 
total  weight  of  the  crystals  was  always  less  than  half  the  weight  of 
tlie  corydalinic  acid  decomposed.  The  crystals  were  drained  by  aid 
of  a  filter  pump  until  most  of  the  hydrogen  iodide  solution  had  been 
lamoved,  pressed  between  slightly  damp  filter  paper,  and  finally 
heated  in  the  water  oven  at  100°  for  several  hours.  After  this 
treatment,  the  crystals  were  found  to  be  quite  free  from  hydrogen 
iodide  ;  they  were  further  purified  by  recrystallisation  from  water, 
in  which  they  are  easily  soluble.  This  substance  is  a  powerful  non- 
nitrogenous  acid,  and  contains  no  water  of  crystallisation.  It  was 
dried  at  100°  for  analysis. 

I.  0-2546  gave  04124  CO2  and  00927  H2O.     C  =  44-18 ;  H  =  4-04. 
II.  0-2432    „     03942    „      „     00881     „        C  =  44-21 ;  H  =  403. 
III.  0-2687    „    0-4396    „       „     0-0937     „        C  =  44-62 ;  H  =  3-87. 
Mean  result  of  Analyses  I  and  II,  C  ^  44-19 ;  H  =  4-04  per  cent. 

From  which  we  deduce  the  formula  C9H]oOe,  which  requires  C  =  43-90  5 
H  =  4-06  per  cent.  We  shall  refer  to  this  acid  for  the  present  under 
the  name  of  corydalic  acid,  until  the  further  investigation  of  its 
properties,  in  which  we  are  now  engaged,  has  enabled  us  to  deter- 
mine exactly  its  relation  to  acids  of  known  constitution. 
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Corydalic  acid  dissolves  readily  in  water  and  in  alcohol.  It  melts 
with  decomposition  at  200°.  When  silver  nitrate  is  added  to  its  con- 
centrated aqueous  solution,  a  copious  white  precipitate  is  obtained 
after  some  time;  this  dissolves  readily  on  heating  with  partial  reduc- 
tion of  the  silver,  whilst  the  addition  of  ammonia  causes  immediate 
reduction,  even  in  the  cold.  Ammonia  and  potassium  hydrate  pro- 
duce a  pink  coloration  in  solutions  of  the  acid  ;  an  alcoholic  solution 
of  potassium  hydrate  added  to  an  alcoholic  solution  of  the  acid 
throws  down  a  precipitate  which  is  white  at  first,  but  rapidly  darkens, 
and  finally  becomes  dirty  yellowish-brown.  A  solution  of  copper 
acetate  heated  with  the  acid  is  reduced  to  the  red  oxide.  With  an 
aqueous  solution  of  the  acid,  ferric  chloride  gives  an  intense,  deep 
green  coloration,  which  is  changed  to  violet  by  the  addition  of  ammonia 
or  sodium  carbonate,  the  reaction  resembling  in  all  respects  that 
which  is  characteristic  of  the  pyrocatechin  derivatives.  Dilute  nitric 
acid  (1  :  5),  heated  w^ith  a  solution  of  corydalic  acid,  is  reduced, 
nitrous  fumes  being  evolved ;  the  solution  thus  obtained,  after  neu- 
tralisation with  ammonia,  gives  a  yellow  precipitate  Avith  lead  acetate, 
totally  different  in  appearance  from  that  obtained  with  corydalic  acid. 
When  the  acid  is  heated  with  lime,  a  phenol  is  produced. 

Owing  to  its  powerful  reducing  properties,  and  to  its  tendency  to 
form  mixtures  of  acid  and  neutral  salts,  the  preparation  of  the  salts 
of  corydalic  acid  presents  special  difficulties ;  so  far,  we  have  only 
succeeeded  in  obtaining  one  salt  which  gave  satisfactory  results  on 
analysis. 

Lead  Salt. — When  lead  acetate  is  added  to  a  cold  aqueous  solution 
of  corydalic  acid,  a  white,  curdy  precipitate  is  immediately  thrown 
down.     This  precipitate  was  dried  at  100°  and  analysed. 

Oir^eS  gave  0-1447  PhSO*.     Pb  =  63-02. 

0-1149     „     0-1052        „         Pb  =  62-53. 

Mean  result  of  above  analyses,  Pb  =  62-78  per  cent. 
CgHeOsPbz  requires  Pb  =  63-11  per  cent. 

W^hen  the  acid  is  precipitated  with  lead  acetate  in  presence  of 
ammonia,  the  precipitate  contains  a  higher  percentage  of  lead  than 
the  above  salt,  but  we  have  not  been  able  in  this  way  to  obtain  a 
compound  of  definite  composition.  We  found  in  two  cases  65-97  and 
6655  per  cent,  of  lead  ;  (C9H508)2Pb5  requires  Pb  =  68-23  per  cent. 
Barium  chloride  produces  no  precipitate  either  in  a  hot  or  cold 
solution  of  corydalic  acid,  and  the  addition  of  ammonia  only  causes  a 
precipitate  after  boiling.  The  only  analysis  which  we  made  of  the 
precipitate  obtained  in  this  way  gave  an  unsatisfactory  result. 

CgHeOgBaz  requires  Ba  =  5314  per  cent.     Found  51-26  per  cent. 

The  ethylic  salt  of  corydalic  acid,  which  is  a  crystalline  substance, 
was  prepared  by  dissolving  the  acid  in  absolute  alcohol,  and  saturating 
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the  hot  solution  with  gaseous  hydrogen  chloride.     The  quantity  pre- 
pared was  too  small  for  analysis. 

We  have  not  yefc  corapleted  our  examination  of  the  mother  liquor 
from  which  the  corydalic  acid  was  obtained,  but  we  have  ascertained 
that  it  contains  a  mixture  of  substances,  amongst  which  is  a  nitro- 
genous compound. 

The  reactions  of  corydalic  acid  show  that  it  contains  both  hydroxy! 
and  carboxyl  groups,  and  the  fact  that  it  yields  a  phenol  when  heated 
with  lime  shows  further  that  it  is  a  derivative  of  benzene  ;  more- 
over, the  analysis  of  the  lead  saUs  proves  the  presence  of  five  atoms 
of  displaceable  hydrogen.  Remembering  that  the  acid  contains 
nine  carbon  and  eight  oxygen  atoms,  the  only  formula  which  recou- 
ciles  these  facts  with  its  formation  from  corydalinic  acid  is 
C6H,(OH),(COOH)3. 

As  corydalic  acid  has  all  its  oxygen  present  in  methoxy-  and 
carboxyl  groups,  and  as  the  action  of  hydrogen  iodide  converts  the 
former  into  hydroxyl  groups,  the  simplest  explanation  of  all  the  facts 
is  that  the  acid  formed  by  the  action  of  hydrogen  iodide  on  coryd- 
alinic acid  is,  as  represented  in  the  above  formula,  a  dihydroxytri- 
carboxylic  derivative  of  a  partially-reduced  benzene  ring. 

Although  it  would  be  premature  to  speculate  as  to  the  precise 
constitution  of  corydaline,  the  results  of  the  oxidation  with  potassium 
permanganate  have  in  this,  as  in  so  many  other  cases,  given  an  im- 
portant clue.  The  formation  of  corydalinic  acid  from  corydaline  is, 
perhaps,  most  easily  explained  on  the  assumption  that  corydaline  is  a 
derivative  of  a  naphthaquinoline,  and  that  when  oxidation  takes  place 
the  alkaloid  is  broken  up  as  in  the  conversion  of  the  naphtha- 
quinolines  into  phenyl pyridinedicarboxylic  acids,  the  benzene  and 
the  pyridine  ring  each  having  attached  to  it  two  of  the  methoxy- 
groups,  the  carboxyl  group  of  the  pyridine  ring  and  one  of  the 
carboxyl  groups  of  the  benzene  ring  representing  the  third  ring  of 
the  naphthaquinoline  which  has  undergone  oxidation,  whilst  the 
remaining  two  carboxyl  groups  of  the  benzene  ring  represent  the 
oxidation  of  the  side  chains,  or  fourth  ring,  whose  loss  is  indicated  by 
the  removal  of  three  atoms  of  carbon  on  oxidation.  According  to 
ihis  view,  corydalinic  acid  is  a  tetramethoxy-tetracarboxyl  derivative 
of  a  partially-reduced  phenylpyridine,  from  which,  by  the  action  of 
hydrogen  iodide,  the  pyridine  ring  is  eliminated  together  with  one 
of  the  carboxyl  and  two  of  the  hydroxyl  groups,  leaving  corydalic 
acid. 

Corydaline  contains  a  larger  number  of  hydrogen  atoms  than  any 
of  the  other  alkaloids  of  Cort/dalis  cava,  and  it  is  noteworthy  in  this 
connection  that  that  part  of  corydaline  which  is  represented  by 
corydalic  acid  consists  of  a  partially-reduced  benzene  ring. 
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The  facts  connected  with  the  constitution  of  corjdaline  which  have 
been  established  so  far  are  the  following. 

I.  That  it  contains  four  methoxy-groups. 
II.  That  on  oxidation  with  permanganate  it  yields  an  acid  which 
is  derived  from  a  nitrogenous  compound  having  the  formula^ 

III.  That  this  acid,  on  treatment  with  hydrogen  iodide  yields  a 

non-nitrogenous  acid  which  is  a  derivative  of  benzene. 
IV.  That  the  methoxy-groups  in  corydaline  are  distributed  equally 

between  the  nitrogenous  and  the  non-nitrogenous  rings. 
V.  That  some,  and  probably  all,  of  the  carbon  atoms  which  are 
removed  during  oxidation  are  attached  to  the  benzene  ring. 
We   anticipate  that  the   investigation  of    the   other   products   of 
oxidation,  on  which  we  have  been  engaged  for  some  time,  will  throw 
further  light  on  the  problem. 

Although  we  have  not  yet  brought  to  a  conclusion  the  investiga- 
tion of  the  action  of  other  agents  on  corydaline,  it  may  not  be  out 
of  place  to  indicate  briefly  some  of  the  results  which  we  have  ob- 
tained. 

Oxidation  with  Potassium  Hydrate. — We  have  made  numerous 
attempts  to  act  on  corydaline  with  fused  potassium  hydrate,  varying 
the  proportions  of  alkali  to  alkaloid,  the  temperature,  and  the  length 
of  time  during  which  the  fusion  was  continued,  bnt  have  alway.s 
found  that  even  after  prolonged  heating  only  a  small  portion  of  the 
alkaloid  is  aifected  until  the  temperature  is  raised  to  the  point  at 
which  it  chars  and  decomposes  completely. 

Distillation  with  Zinc  Bust. — When  distilled  with  zinc  dust,  coryd- 
aline yields  trimethylamine,  phenolic  products,  and  a  thick,  tarry 
substance ;  the  last-mentioned,  on  distillation  with  steam,  yields  a 
clear,  oily  liquid,  the  greater  part  of  which  passes  over  between  224° 
and  236°. 

University  College  of  North  Wales, 
Bangor. 


XI. — The  Freezing  Point  of  Triple  Alloys. 
By  C.  T.  Heycock  and  F.  H.  Neville. 

Gold  and  Cadmium. 
In  the  Chemical  Society's  Journal  (Trans.,  1891,  59,  936),  we  de- 
scribed the  peculiar  fluctuations  in  the  freezing  point  of  mixtures  of 
gold  and  cadmium  dissolved  in  tin,  and  we  showed  that  many  of  the 
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effects  could  be  explained  by  the  assumption  that  the  two  metals 
combine  to  form  a  compound  of  the  formula  AuCd. 

This  substance  we  afterwards  obtained  in  a  pure  state  (Trans., 
1892,  61,  914),  and  we  have  since  found  that  the  behaviour  of  these 
two  metals  to  each  other  is  substantially  the  same,  whether  they  are 
dissolved  in  tin,  bismuth,  thallium,  or  lead. 

From  the  curves  and  tables  now  given,  it  will  be  seen  that  if  we 
make  a  solution  of  either  gold  or  cadmium  in  any  of  the  above-men- 
tioned solvents,  and  then  add  doses  of  the  complementary  metal, 
cadmium  or  gold  respectively,  the  same  phenomena  repeat  themselves. 
That  is  to  say,  the  addition  of  the  third  metal  sometimes  causes  a  small 
further  fall  in  the  freezing  point,  but,  as  more  of  this  metal  is  added, 
the  freezing  point  begins  to  rise,  and  reaches  a  maximum  when  an 
equal  number  of  atomic  weights  of  gold  and  cadmium  have  been  added. 

This  maximum  freezing  point  is  the  same  whether  gold  or  cadmium 
is  added  first,  and  is  independent  of  the  concentration,*  so  long  as  we 
observe  the  condition  of  maintaining  an  equal  number  of  atoms  of 
gold  and  cadmium  in  the  mixture. 

After  the  maximum  freezing  point  has  been  reached,  a  further 
addition  of  either  metal  causes  a  fall,  but,  as  we  see  in  the  curve  with 
thallium  as  solvent,  the  maximum  freezing  point  can  be  recovered  by 
adding  a  sufficient  amount  of  the  complementary  metal. 

Whatever  be  the  explanation  of  these  phenomena,  we  here  see  that 
the  reaction  between  the  two  metals  is  remarkably  independent  of  the 
nature  of  the  solvent.  As  the  new  solvents  give  results  so  similar  to 
those  recorded  in  our  previous  paper,  where  tin  was  the  solvent,  we 
feel  no  doubt  that  the  cause  is  the  same,  namely,  the  formation  and 
partial  precipitation  of  the  compound  AuCd,  and  that  this  substance 
exists  in  solution  in  equilibrium  with  free  gold  and  cadmium,  what- 
ever he  the  solvent. 

It  is  seldom  possible  to  study  the  formation  of  the  same  compound 
in  so  many  solvents,  and  the  uniformity  of  the  results  appears 
strongly  to  bear  out  the  view  that  solution  in  itself  is  a  physical, 
rather  than  a  chemical,  action. 

Silver  and  Cadmium. 

The  behaviour  of  silver  and  cadmium,  when  dissolved  together,  is 
recorded  in  the  Tables  V— VIII  (pp.  71—73)  and  Figs.  5— Sj  (p.  &S). 
It  will  be  seen  that  these  two  metals  produce  in  the  freezing  point  of 
the  solvent  changes  very  similar  to  those  caused  by  gold  and  cadmium. 
In  each  case,  the  addition  of  the  third  metal  causes  a  rise,  which  reaches 
a  maximum  value  and  then  declines  as  more  of  this  metal  is  added. 

*  The  maximum  is  not  reached  in  very  dilute  solutions, 
t  See  "  Explanation  of  the  Charts,"  p.  74. 


THE  FREEZING  POINT  OF  TRIPLE  ALLOYS. 


67 


AlthoTigli  we  have  not  much  experimental  proof,  yet  we  have  no  doubt 
that,  as  with  gold-cadmium,  this  maximum  freezing  point  will  turn  out 
to  be  constant  for  each  solvent,  independent  of  the  absolute  amounts 
of  silver  and  cadmium  present,  but  reached  when  the  ratio  of  these  two 
attains  a  certain  value.  In  tin  or  lead,  this  maximum  is  reached  when 
the  ratio  of  the  two  metals  is  exactly  2Ag  :  Cd.  In  thallium,  the 
ratio  is  nearly  the  same,  and  we  think  that  experimental  errors  would 
account  for  the  discrepancy.  In  bismuth,  the  ratio  at  the  highest 
jwint  is  not  far  from  4Ag  :  Cd.  The  experimental  error  is  probably 
small  in  the  bismuth  series,  but,  without  further  trial,  we  do  not  feel 
certain  that  this  ratio  would  be  maintained  at  other  concentrations. 


Table  I. — Cadmium  and  Gold  in 

400  grams  of 

Lead. 

Total  weight 

Total  weight 

Atoms  of  gold 

Atoms  of 

Freezing 

of  gold 

of  cadmium 

per  lOy  of 

cadmium  per 

point  of 

present. 

present. 

lead. 

100  of  lead. 

solution. 

0 

0 

0 

0 

327  -60° 

jj 

0-188 

yy 

0-087 

327  -24 

>? 

0-407 

0-188 

326  -85 

>) 

0-942 

}} 

0  -435 

32d  -80 

>) 

1-950 

j> 

0-900 

323  -86 

)) 

4-264 

99 

1-967 

319-62 

99 

6 -624 

99 

3-057 

315  -48 

10 -634 

99 

4-906 

308  76 

0-985 

^, 

0-258 

9} 

310  -04* 

2-083 

)f 

0-546 

312  00 

3-037 

9) 

0-797 

M 

313  -44 

5-089 

1-335 

J> 

314-60 

5-717 

", 

1-500 

315  -10 

7-021 

J) 

1-842 

)) 

316  -05 

9-353 

2-453 

317  -25 

14  041 

3-683 

J, 

318-35 

18-701 

,J5 

4-906 

,, 

318-55 

21-631 

,, 

5-674 

» 

316-91 

25  -914 

>> 

6-797 

)) 

312-40 

*  As  soon  as  the  first  portions  of  gold  were  added,  a  grating  of  the  stirrer  was 
noticed,  and  other  proofs  of  a  precipitate  which  rapidly  increased.  Much  preci- 
pitate was  found  in  the  crucible  at  the  termination  of  the  experiment. 

If  we  compare  together  the  curves  for  gold-cadmium,  and  silver- 
cadmium,  in  bismuth,  and  then  compare  them  with  all  the  others,  we 
shall  see  that  these  two  stand  somewhat  apart.  We  do  not  yet  know 
whether  this  is  due  to  the  specific  action  of  bismuth  as  a  solvent,  or 
to  a  cause  of  experimental  error,  which  we  have,  hitherto,  failed  to 
detect. 

Curve  5  of  cadmium  added  to  a  saturated  solution  of  silver  in  tin  is 
singularly  like  the  saturated  gold-cadmium  curves  of  our  previous 
paper  :  the  initial  fall  caused  by  the  cadmium,  followed  by  what  may 
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be  a  short  flat,  is  to  be  seen,  also,  in  the  gold-cadmium  curves.  We 
have  traced  experimentally  a  3-atom  silver  and  cadmium  curve  in  tin, 
where,  just  as  in  the  3-atom  gold-cadmium  curves,  there  is  no  maxi- 
mum freezing  point.    This  curve  is  not  given  in  the  present  paper. 


Table 

11. — Gold  an 

d  Cadmium  in  400  grams  of 

Lead. 

Total  weight 

Total  Aveight 

Atoms  of 

Atoms  of 

Freezing 

of  gold 

of  cadmium 

gold  per  100 

cadmium  per 

point  of 

present. 

present. 

of  lead. 

100  of  lead. 

solution. 

0 

0 

0 

0 

327-64° 

0-322 

>) 

0-085 

)J 

327  -10 

0-fi32 

)> 

0-166 

3) 

326  -54 

1  -742 

» 

0-457 

>> 

324  -70 

5  -417 

» 

1  -421 

yy 

318  -45 

9  -451 

j> 

2-479 

)> 

311  -61 

12  -553 

>> 

3-292 

j» 

306  -44 

15  251 

4-000 

>> 

301  -84 

0  -159 

0-073 

301  -77 

0-441 

0-204 

301  -57 

0-730 

0-337 

302  -53 

1-083 

0-500 

303  -69 

1-756 

0-810 

305-51 

3-345 

1-543 

309  -62 

5-418 

2  -500 

314  -13 

6-630 

3  -059 

3 1 6  -40 

7-675 

3-541 

317-72 

8-666 

4-000 

318  -54 

9-784 

4-514 

318  -78 

11  -241 

5-186 

318  -47 

13-364 

6-165 

317  -08 

16  -408 

7  -570 

315-46 

18  -801 

8-675 

314  -90 

21  -463 

9-903 

314  -20 

A  mass  of  crjistalline  precipitate  was  found  at  tlie  termination  of  the  experiment. 

In  Series  6  and  8,  silver  vs^as  again  added  from  the  point  X,  and 
produced,  as  we  expected,  a  rise. 

All  these  curves  contain  details  that  we  cannot  interpret,  but  we  are 
disposed  to  explain  the  general  character  of  5,  6,  and  7  by  assuming 
that  a  sparingly  soluble  compound,  Ag-^Cd,*  is  formed,  which  can  only 
exist  in  the  presence  of  free  silver  and  cadmium.  Much  of  what  was 
said  in  our  paper  on  triple  alloys  of  gold,  cadmium,  and  tin  (loc.  cit.) 
vv^ould  then  be  applicable.  The  only  point  we  will  hero  consider  is 
the  position  of  the  summit  C. 

Because  the  summit  C  is  reached  at  a  concentration  of  2Ag  :  Cd, 
we  are  hardly  entitled  to  conclude  at  once  that  the  compound  AgjCd 


•  Our  attempts  to  isolate  this  compound  in  the  same  way  as  AuCd  have  so  far 
failed. 
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has  been  fortned.     Bat  we  can  arrive  at  this  conclusion  more  leo^iti- 
raatelj  in  the  following  manner. 


Table  III. — Gold  and  Cadmium  in  Bism-uth. 


Total  weight 

Total  weight 

Total  weight 

Atoms  of 

gold 
per  100  of 
bismuth. 

Atoms  of 

cadmium 

per  100  of 

bismuth. 

Freezing 

of  bismuth 
present. 

of  gold 
present. 

of  cadmium 
present. 

point  of 
solution. 

350 

0 

0 

0 

0 

267  -54° 

365 

2-252 

» 

0-651 

>» 

266  -24 

380 

4-826 

1-340 

)» 

264  -92 

395 

9-621 

» 

2-569 

» 

262  -52 

410 

14-823 

3-813 

JJ 

260  -03 

425 

20-152 

% 

5-001 

>> 

257-88 

jj 

>) 

0  -i'ls 

0-05 

258  -20 

)? 

0-227 

0-10 

258  -39 

)) 

0-467 

0  -2C4 

258  -96 

0-936 

0-408 

260 -00 

,, 

1-884 

0-822 

261  -67 

jj 

2-917 

1-273 

263  -11 

„ 

3-903 

1-704 

263 -90 

,, 

4  -913 

2-145 

263  -99 

,j 

5-207 

2-274 

263  -98 

„ 

5-720 

2-498 

263  -99* 

,j 

6-630 

2-895 

264  -16 

)) 

7-186 

3-137 

264-36 

)» 

7-677 

3  -3o2 

264 -81 

8-079 

3-528 

265-01 

J) 

8  396 

3-666 

265  -15 

)> 

8-7H8 

Q  'QftA 

3  -828 
A,  .Aa7 

265  -39 
oce  .01 

" 

9-979 

4-357 

^DO    OX 

266  -15 

)» 

10  -577 

4-617 

266  -30 

11  -238 

4-906 

r  266  -35 
I  266  -49t 

,, 

11  -801 

5-152 

266-29 

), 

12  -332 

5-385 

266  00 

,, 

13  -199 

5  -763 

265  -64 

,j 

14  -204 

6-201 

265-10 

J, 

15 -207 

6-640 

264  -30 

)) 

16  -376 

7-150 

263  -43 

17  -628 

7-696 

262  -46 

,, 

19-044 

8-314 

261  -41 

20  -639 

9-011 

260  -35 

9) 

22  -274 

9-724 

259  00 

23  -594 

10-30 

258  -05 

'   »» 

25-622 
27  -760 
29-590 

11-19 
12-12 
12-92 

256  -66j 
255  -20 
254  -17 

' 

» 

33-954 

14  -825 

252-60 

*  A  precipitate  here  formed. 

i  Took  out  tliermometer  and  thoroughly  mixed  precipitate  and  liquid. 

X  The  precipitate  is  certainlj  disappearing. 
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Table  IV. — Cadmium  and  Gold  in  60*34  grams  of  Thallium. 
Geissler  Thermometer. 


Total  weight 
of  gold 
present. 

Total  weight 

of  cadmium 

present. 

Atoms  of  gold 
per  100  of 
thallium. 

Atoms  of 
cadmium 
per  100  of 
thallium. 

Freezing  point 
of  solution. 

0 

0 

0 

0 

301  67° 

0-104 

)j 

0-312 

300-18 

0-201 

0-604 

298  90 

0-517 

jj 

1-557 

294 -86 

0-998 

jj 

3-00(5 

288  -10 

1-328 

)> 

4  000 

284-52* 

„ 

» 

)> 

285  -42* 

0-078 

» 

0-134 

284 -97 

0-408 

j» 

0-700 

)> 

287  -28 

0-728 

j> 

1-250 

» 

289  -11 

1  -051 

)» 

1-804 

)> 

291  -07 

1-409 

)) 

2-419 

>> 

293-16 

1-854 

>i 

3-183 

>) 

294-68 

2-234 

)> 

3-835 

»> 

294  -77 

2-514 

)> 

4-316 

)> 

294-29 

3-013 

„ 

5-172 

>< 

291 -17 

3  -627 

>> 

6-226 

jj 

285  -69 

1-999 

6-003 

294  -40 

2-046 

)) 

6-166 

294-53 

2-129 

)) 

6-416 

294  -86 

2-229 

6-714 

294 -66 

2-511 

" 

7-568 

293  -37 

*  Between  these  readings,  there  was  an  interval  of  two  days,  and  the  block  was 
strongly  heated  during  a  part  of  the  time.  The  discrepancy  is  probably  due  to 
two  causes,  a  rise  in  the  zero  of  the  thermometer  and,  perhaps,  some  oxidation  of 
the  cadmium. 

Suppose  that  the  compoiind  Ag-,„Cd„  is  being  forined,  but  that  it 
can  only  exist  in  the  presence  of  free  silver  and  cadmium.  Then,  if 
we  have  present  in  solution  x  atoms  of  free  silver,  y  atoms  of  free 
cadmium,  and  z  molecules  of  the  compound  Ag„jCd„,  the  theories  of 
chemical  equilibrium  accepted  at  present  indicate  that  x,  y,  and  z 
should  satisfy  the  equation  x"'y'^  =  kz,  where  /c  is  a  constant  so  long  as 
the  temperature  does  not  vary  much. 

Let  us  consider  only  that  part  of  the  curve  where  the  liquid  is 
saturated  with  the  compound ;  then,  for  this  part  of  the  curve,  z  is 
constant.  By  adding  silver  or  cadmium,  we  can  vary  x  and  y,  but 
only  subject  to  the  condition  that  x'"y'^  is  constant. 

Now,  a  maximum  freezing  point  that  is  a  summit  C  on  the  curve 
corresponde  to  a  minimum  number  of  molecules  in  solution.  That  is 
to  say,  at  C  we  must  have  x  -\-  y  +  z  &  minimum,  or  as  z  is  con- 
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stant,  we  must  have  x  +  ij  a.  minimam  subject  to  the  condition  x'"'-y'^ 
constant. 

This  leads  at  once  to  the  result  that  at  the  summit  C  the  relation 
between  x  and  y  is 

my  =  nx. 

Xow,  if  a  and  c  ai-e  the  numbers  of  atoms  of  silver  and  cadmium  that 
have  been  added  to  the  mixture,  and  P  the  number  of  molecules  of 
silver-cadmium  that  has  been  formed,  then 

a  =  iiiP  +  X, 
c  =  7iP  +  y, 

and  multiplying  by  n  and  m  and  subtracting,  we  see  that 

na  =  mo 
or,  a  :  c  =  m  :  n. 


Table  V. — Silver  and  Cadmium  in  300  grams  of  Tin. 


Total  weight 

Total  weight           Atoir 

18  of 

Atoms  of 

Freezing  point 
of  solution. 

of  silver 

of  cadmium       silver  p 

er  100 

cadmium  per 

present. 

present.                  of  ( 

in. 

100  of  tin. 

0 

0                           ( 

) 

0 

231  -49° 

5-478 

>i                           ' 

79 

225  -95 

10  -956 

» 

»> 

221  -12 

13  -695 

>>                            ' 

>» 

221  -04 

0  -285 

0-1 

220  -89 

0  -854                       , 

0-3 

220-60 

1  -424 

0-5 

220  -33 

» 

1  -993 

0-7 

219  -57 

2  -562 

0-9 

219-56 

3  -132                        , 

11 

219  -64 

3  -701 

1-3 

219  -73 

4  -270 

1-5 

219-80 

4  -840 

1-7 

219-84 

5  -970 

2-1 

219-93 

7  -118 

2-5 

219-98 

8  -256 

2-9 

219-97 

9  -395 

3-3 

219-93 

10  -534 

3-7 

219-86 

11-673 

4-1 

219-77 

13-950 

4-9 

219  -51 

16  -228 

5-7 

219-16 

19  -075 

6-7 

218-68 

21  -922 

7-7 

218  -25 

24  -769 

8-7 

218-00 

25  -908                       , 

9-1 

218  -22 

26  -477 

9-3 

218-12 

27  901 

9-8 

217  -89 

29  -324 

10-3 

217  -62 

30-748 

10-8 

217  -35 

3.'.  -595 

11-8 

216  -67 

36  -442 

12-8 

216 -02 
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Therefore  the  summit  will  always  be  reached  when  the  quantities  of 
the  two  metals  added  are  in  the  ratio  given  by  the  formula  of  the 
compound  formed.  In  the  case  of  silver  and  cadmium,  we  find  that 
in  the  solvents  tin,  thallium,  and  lead  the  body  formed  is  Ag^Cd, 
whilst  in  bismuth  there  is,  perhaps,  the  body  AgiCd.  In  the  main, 
we  see  that  the  reaction  between  silver  and  cadmium  is,  like  that  of 
gold  and  cadmium,  independent  of  the  nature  of  the  solvent. 

Table  YI. — Silver  in  61*18  grams  of  Thallium,  and  then  Cadmium 

added  * 


Total  weight 

Total  weight 

Atoms  of 

Atoms  of 

of  silver 
present. 

of  cadmium 
present. 

silver  per  100 
of  thallium. 

cadmium  per 
100  of  thallium. 

Freezing  point 
of  solution. 

0 

0 

0 

0 

301  -93° 

1-326 

j> 

4-1 

„ 

288 

lot 

„ 

0-14^ 

>> 

0-417 

290 

19 

,, 

0-272 

j> 

0-810 

292 

04 

J) 

0-424 

J) 

1-263 

293 

10 

0-515 

j» 

1-534 

293 

24 

„ 

0-569 

»> 

1-695 

293 

27 

5> 

0-602 

if 

1-793 

293 

28 

0-662 

» 

1-971 

293 

18 

,, 

0-702 

» 

2  -09 

293 

08 

„ 

0-969 

2-886 

291 

86 

1-493 

>> 

4-615 

292 

29 

3  -598 

)> 

4-940 

292 

48 

1-681 

>» 

5-196 

292 

81 

1  -739 

)» 

5-375 

292 

76 

1-821 

)> 

5-628 

292 

86 

1-889 

5-838 

292 

97 

1-967 

„ 

6-080 

292 

99 

2-060 

jj 

6-367 

293 

04 

2-165 

» 

6-692 

293 

06 

4-165 

» 

12  -875 

293  -09 

*  This  seriesj  like  all  the  thallium  experiments,  was  cariied  out  on  too  small  a 
scale  for  accurate  results. 
t  More  than  saturated. 

Table  VII. — Silver  and  Cadmium  in  400  grams  of  Lead. 


Total  weight 
of  silver 
present. 


0 
0-167 
0-687 
1-891 
3-907 
7-149 


Total  weight 

of  cadmium 

present. 


Atoms  of 

silver  per  100 

of  lead. 


0 
0-08 
0-329 
0-906 
1-872 
3-425 


Atoms  of 

cadmium  per 

100  of  lead. 


Freezing 
point  of 
solution. 


327  -60° 
327  -18 
325  -62 
322  -18 
316-70 
308  -64 
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Tablk  VI  [ — continued. 


Total  weight 

Total  weight 

Atoms  of 

Atoms  of 

Freazing 

of  silver 

of  cadmium 

silver  per  109 

cadmium  per 

point  of 

present. 

present. 

of  lead. 

100  of  lead. 

solution. 

10  -440 

0 

5  -002 

0 

303  -06" 

12  -528 

^, 

6-002 

303  15 

0-862 

0-378 

306  m 

1-404 

0-648 

308  67 

1-934 

0-892 

310-32 

2-486 

1-147 

311  -66 

J, 

3  -502 

1-616 

313-55 

4  -.576 

2-112 

314-99 

6  -275 

2-895 

315-75 

6-771 

3  125 

315 -7y 

» 

7-554 

3-486 

315-70 

8-492 

3-918 

.315-39 

9-470 

4-370 

314  98 

„ 

11  -603 

„ 

5-354 

313  48 

14-668 

6-767 

311  -99 

18  -634 

8-598 

311  13 

■     20  -772 

9-586 

311-33 

24-977 

11  -525 

310  30 

Table  VIII. — Silver  and  Cadmium  in  Bismuth. 
Thermometer,  Hicks'  12  A. 


Total 

Total 

Total 

Atoms  of 

Atoms  of 

Freezing 
point  of 
solution. 

weight  of 

weight  of 

weiglit  of 

silver 

cadmium 

bismuth 

silver 

cadmium 

per  100  of 

per  100  of 

present. 

present. 

present. 

bismuth. 

bismuth. 

350 

0 

0 

0 

0 

267  -87-" 

370 

3-838 

51 

2 

y> 

263  -84 

390 

7-676 

3-795 

3) 

260  -86 

410 

10  -635 

,, 

5 

JJ 

259  -53 

,, 

0-553 

>1 

0-25 

260  -74 

,, 

1-105 

99 

0-5 

261-42 

51 

1-658 

75 

0-75 

^1-85 

9) 

2-210 

f9 

1-00 

262-16 

2-763 

7» 

1-25 

262  -33 

J, 

3  -315 

yy 

1-50 

262  -42 

,, 

3-867 

1-75 

262-44 

)I 

4-420 

99 

2-00 

262  -41 

4-973 

5? 

2-25 

262  -34 

Jl 

5-525 

2-5 

262-20 

>> 

6-078 

J> 

2-75 

262-04 

7-183 

)J 

3-25 

261-61 

57 

8  -28e 

3-75 

261  -19 

)' 

9-392 

?J 

4-25 

260  -67 

10  -497 

f1 

4-75 

260  -05 

jj 

11  -603 

5-25 

259-43 

J, 

13  -812 

?> 

6-25 

258  -C3 

J, 

16  023 

?» 

7-25 

256  -55 

>J 

20  -443 

9-25 

253-50 

24  -863 

3» 

11-25 

250  -60 

14-881     j 

>5 

f> 

252  -53 
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EXPLANATION  OF  THE  CHARTS. 

The  curres  give  the  freezing  points  of  solutions  of  gold  -vvitli  cadmium,  and  of 
silver  with,  cadmivim  in  different  solvents. 

Each  black  dot  records  the  concentration  and  freezing  point  of  a  particular 
mixture.  In  every  case,  100  atomic  weights  of  solvent  are  assumed  to  be  present. 
The  horizontal  distance  of  a  point  measured  from  the  left  records  the  total  number 
of  atomic  weights  of  foreign  metals,  other  than  the  solvent  present,  each  square 
corresponding  to  one  atomic  weight. 

The  vertical  distance  of  a  point  from  the  level  of  the  first  point  on  the  curve 
records  the  fall  or  rise  in  the  freezing  point,  each  square  being  one  1°  centigrade. 

Along  the  thin  line,  cadmium  is  being  added  ;  along  the  thick  line,  gold  or  silver. 

In  Curve  4,  we  start  with  a  mixture  of  4  atoms  of  cadmium  and  100  atoms  of 
thallium;  in  other  cases  the  curve  begins  with  the  pure  solvent. 

The  point  A  marks  where  we  begin  to  add  the  third  metal.  C  is  the  summit  of 
the  curve.     The  point  X  marks  where  we  begin  again  to  add  the  second  metal. 

The  tables  are  numbered  to  correspond  with  the  curves.  In  the  tables  all 
weights  are  in  grams,  and  temperatures  in  degrees  centigrade. 

Aluminium  and  Gold  dissolved  in  Tin. 

In  striking  contrast  to  the  foregoing  curves,  which  owe  their 
character  to  the  partial  dissociation  of  the  compound  formed,  we  now 
give  curves  showing  the  freezing  points  of  alloys  made  by  dissolving- 
aluminium  in  tin  and  then  adding  gold.  Fig.  9  commences  by  the 
addition  of  aluminium  to  tin.  We  see  that  the  aluminium  produces 
an  atomic  fall  of  1'4°,  which  is  half  the  normal  fall  produced  by  other 
metals  in  this  solvent.  This,  as  we  suggested  in  our  previous  paper 
(Trans.,  1890,  57,  892),  may  be  explained  by  assuming  that  the 
metal  is  present  in  diatomic  molecules  as  Alo. 

The  addition  of  aluminium  was  ended  at  A,  almost  exactly  at  the 
point  of  saturation  of  the  tin.  Gold  was  then  added,  as  recorded  by 
the  thick  line.  It  at  once  produced  a  rise,  the  maximum  freezing 
point  C,  which  was  identical  with  that  of  pure  tin,  being  reached  with 
2  atoms  of  aluminium  and  09  atom  of  gold,  or,  in  other  words 
with  a  concentration  of  AloAuo  9.  A  further  addition  of  gold  produced 
a  fall,  which,  reckoned  from  the  highest  point,  is  exactly  that  of  gold 
in  pure  tin. 

In  Fig.  10,  a  total  quantity  of  4  atoms  of  aluminium  was  added 
up  to  the  point  A,  saturation  occurring  at  2  atoms.  The  first  por- 
tions of  gold  produced  no  effect  on  the  freezing  point  of  the  mixture 
until  0  95  atom  had  been  added,  to  the  point  B,  but  on  adding 
more  there  was  a  rapid  rise ;  the  highest  point,  again  identical  with 
the  freezing  point  of  pure  tin,  being  reached  with  1"9  atoms  of  gold. 
When  we  add  more  gold  from  this  point  C,  we  seem  to  be  starting 
afresh  with  a  solution  of  pure  tin,  and  we  get  the  atomic  fall  2"86°, 
which  is  identical  with  our  old  numbers. 

The  obvious  explanation  of  these  results  is,  that  the   gold   and 
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aluminmtn  form  a  stable  insoluble  compound  of  the  formula  AuAl^, 
tbe  gold  completely  removincr  the  aluminium  from  solution.  There 
is  no  curved  part  to  the  locus  of  the  freezing  points,  inasmuch  as  free 
gold  and  aluminium  cannot  exist  together  in  solution. 

That  rather  less  gold  is  needed  to  reach  C  in  both  figures,  or  B  in 
Fig.  10,  than  the  amount  corresponding  to  the  compound  AuAlj,  may 
fairly  be  put  down  to  the  fact  that  all  the  loss  by  oxidation  in  making 
the  alloys,  and  probably  all  the  original  impurity,  falls  on  the 
aluminium. 

The  fact  that  in  Fig.  10  the  gold  from  A  to  B  produced  no 
effect  agrees  very  well  with  our  view  that  the  aluminium  flat  up  to 
A  is  due  to  saturation  of  the  tin  with  aluminium.  If  this  be  so,  then, 
although  the  first  quantities  of  gold  up  to  B  precipitate  aluminium, 
yet  some  of  the  excess  will  come  into  solution  and  the  freezing  point 
will  not  alter.  But  by  the  time  1  atom  of  gold  has  been  added,  the 
excess  of  aluminium  will  have  been  used  up  to  form  the  body  AlzAu, 
and  further  addition  of  gold  must  decrease  the  aluminium  in  solution, 
and  so  produce  a  rise  in  the  freezing  point. 

The  precipitate  AuAlj  is,  no  doubt,  the  purple  alloy  discovered 
and  examined  by  Professor  Roberts- Austen.  He  finds  for  his  alloy 
the  formula  AljAuo-gg.  Our  values  deduced  from  the  freezing  point 
curves  are  :— 

At  C,  Fig.  9 Al,Auo.9 

J»  5,        10 AI2AU0.95 

At  B,  „    10 ALAuo.95 


Table  IX. — Aluminium  and  Gold  in  Tin. 
Thermometer,  Hicks'  No.  12. 


Total 

Total 

Total 

Atoms  of 

Atoms  of 

Freezing 
point  of 
solution. 

■weight  of 

■vfeight  of 

weight 

aluminium 

gold 

tin 

aluminium 

of  gold 

per  100 

per  100 

present. 

present. 

present. 

of  tin. 

of  tin. 

300 

0 

0 

0 

0 

231  -55" 

310 

0-355 

J, 

0-5- 

jj 

230 -90 

320 

1-101 

1-5 

229  -42 

350 

1-605 

0-2 

228  67 

0-584 

„ 

0-1 

228  -97 

., 

1-169 

0-2 

229  -29 

J, 

2-338 

0-4 

229  -90 

jj 

, 

3-500 

0-6 

230  -55 

jj 

, 

4-675 

0-8 

231-20 

5-260 

0-9 

231  -55 

J, 

5-844 

10 

231  -34 

^, 

7-013 

, 

1-2 

230 -76 

" 

t 

9-351 

1 

-• 

1-6 

229  -61 

G   2 
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Tables  IX  and  X  give  the  experimental  nnmbers  from  which  the 
alam.inium  curves  were  drawn. 

Table  X. — Aluminium  and  Gold  in  Tin. 
Thermometer,  Hicks'  No.  11. 


Total 

Total 

Total 

Atoms  of 

Atoms  of 

Freezing 
point  of 
solution. 

■weight  of 

•weight  of 

weight  of 

aluminium 

gold 

tin 

aluminium 

gold 

per  100 

per  ]00 

present. 

present. 

present. 

of  tin. 

of  tin. 

250 

0 

0 

0 

0 

231  -65° 

275 

1-261 

,, 

2-0 

35 

228  -72 

280 

1-605 

J, 

2-5 

99 

228  -69 

^00 

2-752 

,, 

4-0 

228  -70 

jj 

2-506 

o'-5 

228  -73 

>' 

3-750 

0-75 

228  -71 

4-260 

0-85 

228  -73 

,, 

4-761 

0-95 

228  -74 

,, 

5-263 

1-05 

229-07 

,, 

7-769 

1-55 

230  -57 

„ 

9-022 

1-8 

231  -35 

J, 

9-523 

1-9 

231  -59 

,j 

] 0-024 

2-0 

231  -29 

» 

12  -530 

2-5 

229  -86 

Sidney  College, 

Cambridge. 


XII. — Conversion  of  Ortho-  into  Para-,  and  of  Para- 
into  Ortho- quinone  Derivatives*  I.  The  Con- 
densation of  Aldehydes  tvith  ^-Hydroxy-ct-naphtlia- 
quinone. 

By  Samuel  C.  Hooker  and  William  C.  Caenell. 

Ix  the  course  of  researches  in  the  lapachol  group,  already  partially 
.communicated  by  one  of  us  to  the  Society,  numerous  compounds  of 
the  general  formula 

O 
./^  Y^X-OH(or  Cl,Br) 

O 
have  been  isolated,  from  which  dehydrating  agents,  preferably  dilute 
or  concentrated  mineral  acids,  very  readily  remove  water  or  hydrogen 

*  Compare  Trans.,  1893,  63,  foot  note  p.  431  j  also  Proc,  1893, 13. 
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chloride  or  bromide,  quantitatively  converting  them,  without  exception, 
into  internal  anhydrides. 

It  was  at  first  supposed  that  the  change  was  a  simple  one,  involving 
nothing  farther  than  the  elimination  of  water;  but  it  was  subse- 
(]uently  found  that  several  of  the  lapachols,  namely,  chlorhydrolap- 
achol,  hydroxy hydrolapachol,  and  bromhydroxyhydrolapachol,  each 
gave  two  isomeric  anhydrides,  which  proved  to  be  related  as  follows. 
O  O. 

II.  I  '  III. 


o  o 


x/x/" 


Corresponding  or  o-anhydride.  Pseudo-  or  )3-anhydride. 

In  spite  of  the  very  varied  conditions  under  which  they  have  been 
exposed  in  contact  with  mineral  acids,  the  remaining  lapachols  have 
given  in  each  case  only  one  anhydride,  and  these  have  all  proved  to 
be  ^-naphthaquinone  derivatives. 

It  can,  therefore,  be  generally  stated,  at  least  so  far  as  the  com- 
pounds at  present  known  in  the  lapachol  group  are  concerned,  that 
substances  of  the  general  formula  I  are  more  readily  converted  by  the 
action  of  mineral  acids  into  the  /3-  than  into  the  a-anhydrides,  a 
change  which  involves  the  conversion  of  the  para-  into  the  ortho- 
quinone  group.  In  order  to  ascertain  how  far  this  formation  of  the 
/3-anhydrides  would  prove  general,  we  have  investigated  the  behaviour 
of  compounds  prepared  synthetically  from  ^-hydroxy-a-naphtha- 
quinone. 

Zincke  and  Thelen  (Ber.,  21,  2203)  first  observed  that  benzaldehyde 
and  yS-hydroxy-a-naphthaquinone  interact  readily,  and  correctly 
attributed  to  the  resulting  compound  the  formula^ 

O  O 

O  CH 

CeHs 
Schoch*,  one  of  Zincke's  pupils,  subsequently  extended  the  study 
of  this  reaction  to  other  aldehydes,  and  prepared  a  number  of  com» 
pounds  having  the  general  formula 


*  "Ueber  die  Einwirtung  von  Aldehyden  und  Ketonen  auf  Oxynaphtochinon," 
Inaugural  Dissertation,  Marburg,  1888.  We  are  indebted  to  Professor  Zincke  for 
a  copy  of  this  pamphlet. 
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In  preparing  some  of  these  compounds,  small  quantities  of  an- 
hydrides were  obtained,  as  secondary  products,  to  which  the  general 
formula 

O     O     O 


was  assigned.  These  anhydrides  wore  also  in  some  cases  directly  ob- 
tained from  the  corresponding  hydroxyl  compounds  by  the  action  of 
dehydrating  agents ;  bat  in  every  instance  Schoch  records  that  the 
yield  was  very  small. 

The  behaviour  of  the  lapachols  in  forming,  as  a  rule,  /3-anhydrides 
in  preference  to  a-anhydrides,  rendered  questionable  the  structure 
attributed  by  Zincke  and  his  pupils  to  the  anhydrides  obtained  by 
them ;  and  our  experiments  have  conclusively  proved  that  these 
compounds,  or  at  least  all  that  we  have  examined,  are,  in  reality,  as 
we  anticipated,  derivatives  of  /i-naphthaquinone,  to  which  one  or 
other  of  the  following  formulae  must  be  attributed. 


O     CH  O 


X 

e^-Aiiliydride. 


X 

/3/3-Anhydride. 


The  anhydrides  may  be  prepared  quantitatively,  or  almost  so,  by 
the  methods  successfully  used  in  the  lapachol  group.  In  no  instance, 
however,  in  spite  of  many  experiments,  have  we  been  successful  in 
obtaining  more  than  one  anhydride  from  each  compound. 

All  the  anhydrides  studied  condense  readily  with  orthotoluylene- 
diamine,  giving  characteristic  azines,  an  action  which,  in  this  case, 
can  only  be  explained  by  the  presence  of  the  orthoquinone  group. 
Up  to  the  present  time,  the  azines  obtained  have  resulted  from  the 
action  of  one  molecule  of  the  diamine  on  one  of  the  anhydride,  so 
that,  of  the  above  formula),  the  first,  which  is  that  of  an  a/3-anhydride 
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still  containing  one  paraquinone  group,  is  perhaps  the  more  probablej 
although  we  do  not  regard  the  second  as  definitely  excluded. 

As  a  further  proof  of  the  presence  of  the  orthoquinone  group,  it 
may  be  urged  that  there  is  a  marked  difiference  in  the  colour  of  the 
hydroxyl  compounds,  and  of  their  corresponding  anhydrides.  The 
former,  like  a-naphthaquinone,  are  yelloio  ;  the  latter,  like  /3-naphtha- 
quinone,  are  orange  or  orange-red.  A  very  considerable  number  of 
compounds  of  the  lapachol  group  have  been  studied,  and  this  change 
in  colour  from  yellow  to  orange  or  red  has  proved  an  unfailing 
indication  of  a  simultaneous  change  from  the  para-  to  the  ortho- 
(juinone. 

It  has  been  shown  in  the  lapachol  group,  that  both  the  a-  and 
/3-anhydrides  take  up  water  when  boiled  with  dilute  alkalis,  yielding 
the  same  hydroxylapachol — a  change,  which,  in  the  case  of  the 
/i-anhydrides,  involves  the  reconversion  of  the  ortho-  into  the  para- 
quinone. 

O  O  O^ 

,^\^\-X     by  NaOH      /^/^^X-OH     by  NaOH       j'^^j'^Vx 

O  O 

Precisely  the  same  change  occurs  in  the  case  of  the  synthesised 
/"iJ-anhydrides  described  in  this  paper  only ;  it  is  more  difficult  to 
demonstrate,  as  the  hydroxyl  compounds  examined  very  rapidly 
undergo  change  in  contact  even  with  very  dilute  caustic  soda,  a 
reaction  which  appears  full  of  interest  and  will  be  studied  in  detail 
by  one  of  us. 


Benzylidenedihi/droxynapJithaquinone, 

CH 

I 

This  compound  was  first  obtained  by  Zincke  and  Thelen  (Ber.,  21 
2203),  and  subsequently  more  fully  examined  by  Schoch  (Diss., 
Marburg,  1888,  p.  11).  In  preparing  the  compound  for  our  experi- 
ments, the  directions  of  Zincke  and  Thelen  were  only  partially 
followed.  8  grams  of  benzaldehyde,  8  grams  of  hydroxynaphtha- 
quinone,  and  24  c.c.  of  alcohol  were  heated  in  a  corked  flask  on  a 
v;ater  bath  for  about  45  minutes.*  The  heating  was  then  discon- 
tinued, and  the  solution  diluted  with  160  c.c.  of  alcohol ;  the  compound 

*  Zincke  and  Thelen,  also  Schoch,  recommend  heating  for  several  hours ;  this  is 
unnecessary,  as  the  action  is  complete  in  45  minutes,  and  if  the  heating  is  extended 
over  a  longer  period,  a  portion  of  the  compound  is  converted  into  its  anhydride. 
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sliortly  afterwards  commenced  to  separate  in  minute,  yellow  luPts  of 
microscopic  needles,  which,  after  some  hours,  were  collected  and 
washed  with  alcohol.  A  microscopic  examination  revealed  the 
presence,  in  small  quantity,  of  orange-red  needles,*  which  usually 
accompany  to  a  somewhat  greater  extent  the  additional  substance 
obtained  on  concentrating  the  mother  liquor.  The  red  needles  are 
left  for  the  most  part  undissolved  when  the  crude  substance  is  re- 
crystallised  from  alcohol,  but  it  is  necessary  to  repeat  the  operation, 
sometimes  more  than  once,  in  order  that  the  separation  may  bo 
rendered  complete. 

We  found  the  melting  point  of  benzylidenedihydroxynaphthaqain- 
one  to  be  about  230°  when  rapidly  heated,  but  as  the  substance 
decomposes  when  heated  for  a  short  time  at  temperatures  slightly 
below  this,  its  point  of  fusion  is  influenced  by  variations  in  the  rate 
of  heating. 

Benzylidenedihydroxynaphthaquinone  gives  two  distinct  sodium 
deiivatives,  according  as  the  hydrogen  of  one  or  both  hydroxyl 
groups  is  displaced.  The  monosodium  derivative  crystallises  in 
orange  needles,  and  may  be  readily  obtained  by  cautiously  adding  a 
1  per  cent,  aqueous  solution  of  sodium  hydroxide  to  a  boiling  and 
nearly  saturated  alcoholic  solution  of  the  compound.  The  addition  of 
the  alkali  is  stopped  as  soon  as  the  colour  of  the  solution,  which  is  at 
first  orange,  becomes  permanently  slightly  carmine,  and  a  precipitate 
of  the  carmine  or  normal  ?alt  begins  to  form.  Small  quantities  of 
benzylidenedihydroxynaphthaquinone  ai'e  then  gradually  added  to 
the  boiling  solution  until  the  carmine  precipitate  redissolves.  On 
cooling,  the  solution  first  becomes  turbid,  and  shortly  afterwards- 
orange  needles  of  the  sodium  compound  form  througliout  its  entire 
volume.  The  normal  salt,  previously  obtained  by  Zincke  and 
Thelen,  is  a  dark  carmine-red,  crystalline  powder.  When  seen 
under  the  microscope,  each  grain  appears  as  an  almost  perfectly 
formed  octahedron.  The  very  slight  solubility  of  the  salt,  together 
with  its  very  characteristic  appearance  and  crystalline  form,  render  it 
possible  to  identify  minute  quantities  of  benzylidenedihydroxy- 
naphthaquinone  with  ease  and  certainty.  It  is  simply  necessary  to 
dissolve  the  compound  in  a  few  drops  of  hot  alcohol,  and  add  a  drop 
or  so  of  dilute  aqueous  solution  of  sodium  hydi'oxide  ;  if  the  alcoholic 
solution  be  a  concentrated  one,  an  abundant  precipitate  will  be  almost 

*  This  substance,  ivhieli  appeals  to  have  escaped  the  observation  of  Zincke, 
Thelen,  and  Schocli,  differs  essentially  from  the  anhydride  to  bo  presently  described  : 
it  dissolves  ia  concentrated  sulphuric  acid,  forming  an  intensely  bluish-green  solu- 
tion, whereas  the  anhydride  under  the  same  conditions  gives  a  reddish-brown 
solution.  "We  made  many  unsuccessful  attempts  to  obtain  the  compound  in  largei- 
quautit  ies. 
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instantly  formed,  which  should  then  be  examined  with  a  high  powei'- 
in  order  that  its  crystalline  form  may  be  recognised. 

a fi- Anhydride  of  Benzylidenedthydi-oxj/naphthaquiuone. — This  com- 
pound is  formed  in  spall  quantity  in  preparing  benzylidenedihydroxy- 
naphthaquinone  if  the  time  of  digestion  recommended  above  be  much 
prolonged ;  it  was  in  this  way  that  Zincke  and  Thelen  obtained  it 
{Ber.y  21,  2203) ;  Schoch  found  that  it  was  produced  when  an  alco- 
holic solution  of  the  hydroxyl  compound  was  heated  with  a  little 
sulphuric  acid  ;  but  even  in  this  case  Schoch  states  that  only  small 
<]uantities  were  formed  (Diss.,  Marburg,  1888,  p.  14). 

We  have  found  that  the  compound  can  be  prepared  practically 
([uantitatively  in  the  following  manner: — 4  grams  of  benzylidenedi- 
hydroxynaphthaquinone  are  dissolved  in  50  c.c.  of  boiling  acetic  acid,, 
to  which  25  c.c.  of  concentrated  hydrochloric  acid  are  then  very 
gradually  added;  on  continuing  the  boilingfor  a  few  minutes,  a  heavy 
precipitate  of  small,  orange-red  crystals  rapidly  forms,  and  may  be 
collected  when  the  solution  has  cooled.  When  slightly  washed  with 
acetic  acid,  it  is  obtained  in  a  condition  pure  enough  for  all  ordinary 
purposes.  A  microscopic  examination  of  the  crystals  revealed  de- 
tached, well-formed,  acicular  prisms.  The  compound  was  purified  for 
analysis  by  recrystallisation  from  acetic  acid. 

0-1837  gave  0-5203  CO^  and  0-585  H,0.     C  =  77-24  ;  H  =  3-53. 
C2-H1.O5  requires  C  =  77-51 ;  H  =  3-35  per  cent. 

When  heated  in  a  capillary  tube,  it  commences  to  darken  at  about 
245°.  It  dissolves  with  great  difficulty  in  the  ordinary  solvents, 
being  almost  insoluble  in  ether,  and  only  very  slightly  soluble  in 
alcohol,  rather  more  so  in  chloroform,  benzene,  and  acetic  acid. 

The  anhydride  is  reconverted  into  benzylidenedihydroxynaphtha- 
quinone  by  boiling  alkalis.  A  small  quantity  was  moistened  with 
uqueous  1  per  cent,  sodium  hydroxide,  thoroughly  ground  into  a 
paste ;  more  of  the  alkaline  solution  was  then  added,  and  the  whole 
boiled  for  a  few  minutes ;  after  filtration  from  the  unattacked  sub- 
stance, the  carmine  coloured  solution  was  acidified  with  acetic  acid, 
and  the  precipitate  collected,  and  identified,  by  its  characteristie 
sodium  salt,  in  the  manner  above  described. 

The  anhydride  and  orthotoluylenediamine  interact  very  readily,  a 
thoroughly  typical  azine  being  formed  :  2  grams  of  the  anhydride, 
1  gram  of  orthotoluylenediamine  hydrochloride,  and  3  grams  of  crys- 
tallised sodium  acetate  are  heated  in  70  c.c.  of  acetic  acid.  Soon  after 
the  acid  commences  to  boil,  and  before  the  anhydride  has  entirely 
passed  into  solution,  the  azine  commences  to  separate  in  small 
clusters  of  microscopic  needles.  The  conversion  is  complete  in  a  few 
minutes,  but,  before  the  boiling  is  finally  discontinued,  it  is  well  to 
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ascertain,  with  the  help  of  tlie  microscope,  that  no  unchanged  crystals 
of  the  anhydride  are  present.  The  substance  is  then  collected, 
washed  with  acetic  acid  or  alcohol,  and  finally  with  water.  For 
analysis,  the  azine  was  twice  crystallised  from  b/enzene,  in  which,  as 
in  other  ordinary  organic  solvents,  it  dissolves  with  considerable 
difficulty.  It  was  thus  obtained  in  orange-yellow,  microscopic 
needles  which  can  be  heated  to  245°  without  undergoing  change. 

0*1701  gave  8"5  c.c.  moist  nitrogen  at  30°  and  764  mm.     N  =  5*43. 
0-2189     „     0-6516  COa  and  00815  H.O.     C  =  81-17  ;  H  =  413. 
C34H20N2O3  requires  C  =  80-95  ;  H  =  3-96 ;  N  =  5-55  per  cent. 

The  azine  dissolves  in  concentrated  sulphuric  acid  yielding  a 
brownish-violet  coloured  solution,  from  which  an  orange  coloured  salt 
is  precipitated  on  slight  dilution.  When  moistened  with  concentrated 
hydrochloric  acid,  it  becomes  more  deeply  orange ;  and  when  heated 
with  zinc-dust,  and  alcohol  acidified  with  hydrochloric  acid,  a  violet 
coloured  solution  is  obtained,  which  readily  absorbs  oxygen,  again 
becoming  orange. 

The  azine  was  heated  with  orthotoluylenediamine,  under  varied 
conditions,  but  as  no  interaction  occurred,  we  were  unable  to  demon- 
strate the  presence  of  a  second  orthoquinone  group. 

O  O 

Etliylidenedihydroxynaphtliaquinone,  |       |       i  I       I       I    * 

O^        OH       O 


^CH, 

Schoch  has  already  studied  the  action  of  acetaldehyde  on  hydroxy- 
naphthaquinone  (Diss.,  Marburg,  1888,  p.  24),  and  obtained  a  product 
fusing  at  154 — 157°,  w^hich  refused  to  crystallise,  and  on  analysis 
gave  figures  agreeing  with  the  above  formula.  In  spite  of  the 
analytical  figures,  the  compound  must  have  been  in  a  very  impure 
condition,  as  ethylidenedihydroxynaphthaquinone  crystallises  readily, 
and  fuses  at  about  190°  when  rapidly  heated  ;  its  fusing  point  is  not, 
however,  quite  constant. 

After  a  number  of  preliminary  experiments,  we  have  succeeded  in 
satisfactorily  preparing  the  compound  in  the  following  manner: — 
5  grams  of  pulverised  hydroxynaphthaquinone  were  heated  under  pres- 
sure in  a  steam  bath  (ac  about  100°)  for  five  hours  with  50  c.c.  of  alco- 
hol and  50  c.c.of  Schuchardt's  "concentrated  aldehjde"  (not  absolute). 
After  the  heating  had  been  in  progress  a  short  time,  the  bottle  was 
slightly  agitated,  so  as  to  ensure  the  complete  dissolution  of  the 
hydroxynaphthaquinone.  The  new  compound  separated,  as  the  liquid 
cooled,  in  a  comparatively  pure  condition,  in  small,  heavy  crystals  j 
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3"3  grams  were  obtained.  The  mother  liquor,  on  evaporation,  yiekled 
au  additional  quantitt  of  the  substance,  but  the  condition  of  this  was 
less  satisfactory,  and,  in  order  to  purify  it,  it  was  dissolved  as  com- 
pletely as  possible  in  a  cold,  aqueous  1  per  cent,  solution  of  sodium 
hydroxide.  After  filti-ation  from  the  insoluble  residue,*  the  sub- 
stance was  reprecipitated  without  unnecessary  delayf  by  adding 
acetic  acid,  and  was  then  collected,  dried,  and  crystallised  from, 
alcohol. 

Ethylidenedihydroxynaphthaquinone  can  be  readily  distinguished 
from  hydroxynaphthaquinone  by  the  carmine-red  colour  of  its  solu- 
tion in  dilute  sodium  hydroxide,  which  presents  a  strong  contrast  to 
the  orange-red  solution  of  the  latter. 

The  new  compound  was  recrystallised  from  alcohol  for  analysis. 
It  was  obtained  in  irregular,  heavy,  golden-yellow  crystals  which 
melt  when  rapidly  heated,  but  not  perfeclly  sharply,  at  about  190°. 
The  melting  point  is  influenced  to  some  extent  by  the  manner  of 
heating,  and  the  fused  compound  gradually  darkens  and  decomposes 
even  as  the  temperature  falls, 

0-1920  gave  0-4950  CO2  and  0-0655  H^O.     C  =  70-31 ;  H  =  3-79. 
CzzHiiOs  requires  C  =  70-58 ;  H  =  3*74  per  cent. 

a [i- Anhydride  of  Ethylidenedihtjdroxynaphthaqmnone. 

Ethylidenedihydroxynaphthaquinone  is  readily  and  almost  quanti- 
tatively converted  into  its  pseudo-anhydride  by  the  action  of  con- 
centrated sulphuric  acid.  2-5  grams  of  the  compound  were  dissolved 
in  15  c.c.  of  concentrated  sulphuric  acid,  and,  after  standing  about 
10  minutes,  the  solution  Avas  poured  into  a  relatively  large  quantity 
of  water.  The  orange  precipitate  w^as  collected  on  a  filter,  and  as 
soon  as  the  acid  had  been  mostly  displaced  by  water,  it  was  washed 
with  a  1  per  cent,  solution  of  sodium  hydroxide  to  remove  any  un- 
changed ethylidenedihydroxynaphthaquinone,  and  then  again  with 
Avater.  When  dry,  the  compound  was  crystallised  from  acetic 
acid ;  it  separated  in  orange  needles,  which  lost  some  of  their 
brilliancy  of  colour  when  exposed  to  diffused  daylight. 

Analysis  gave  the  following  figures. 

0-1881  gave  0-5089  CO2  and  00606  H^O.     C  =  73-78 ;  H  =  3-57. 
CriHioOsJ  requires  C  =  74-15;  H  =  3-37  per  cent. 

*  This  consists  of  a  dark  reel  compound  wliich  dissolves  in  concentrated  sulphuric 
acid,  affording  a  green  solution,  and  probably  corresponds  with  the  red  substance 
(compare  footnote,  p,  SO)  observed  in  the  preparation  of  benzjlidenedihydroxj- 
naplithaquinone,  which  also  gives  a  green  solution  when  dissolved  in  sulphuric  acid, 

t  Ethjlidenedihydroxynaphthaquinone  gradually  undergoes  change  even  in  cold 
dilute  alkaline  solution. 

X  By  heating  paraldehyde  with  hydroxynaphthaquinone,  Schocli  obtained  au 
on  analysis  ajiproximate  to  those  required  by  the  formula  CooHijOj  (Diss.,  Mar- 
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When  boiled  with  a  dilute  aqueous  solution  of  sodium  hydroxide, 
the  anhydride  gradually  passes  into  solution,  being  reconverted  into 
ethylidenedihydroxynaphthaquinone,  which  then  rapidly  undergoes 
change. 

The  anhydride  interacts  very  readily  with  orthotoluylenediamine  ; 
the  resulting  compound  was  obtained  in  essentially  the  same  manner 
as  the  corresponding  azine  from  the  /J-anhydride  of  benzylidenedi- 
hydroxynaphthaquinone.  Two  preparations  were  made  for  ana- 
lysis :  the  one  (a)  was  crystallised  from  benzol ;  the  other  (b)  from 
chloroform. 

(a)  0-1276  gave  69  c.c.  moist  nitrogen  at  27° and  762 mm.  ]Sr  =  5-98. 
(6)0-2216     ,,11-7  „  „'  24-5,,   770    „      N  =  5-98. 

(a)  0-1705  „  0-4917  CO2  and  00728  HoO.  C  =  78-65 ;  H  =  4-74. 
(a)  0-1636  „  0-4744  „  „  0-0669  „  C  =  7908 ;  H  =  4-54. 
(6)0-1652     „     0-4743     „      „     0-0675     „        C  =  78  90;  H  =  451. 

C09H18N2O3  requires  C  =  78-73 ;  H  =  407  ;  N  =  6-33  per  cent. 

The  compound  crystallises  in  minute,  orange,  woolly  needles  which 
dissolve  in  concentrated  sulphuric  acid  yielding  a  brownish-violet 
coloured  solution,  and  in  this,  as  in  other  respects,  precisely  I'e- 
sembles  the  azine  already  described  from  the  y3-anhydride  of  benzyl- 
idenedihydroxynaphthaqninone. 

a 8- Anhydride  of  Amylidenedihydroxynaphthaquinone. 

A  mixture  of  3  grams  of  hydroxynaphthaqninone,  3  c.c.  of  Kahl- 
baum's  valeraldehyde,  and  9  c.c.  of  alcohol  was  boiled  for  three  hours, 
a  reflux  condenser  being  used.  A  drop  of  the  solution  was  then  diluted 
with  alcohol,  and  mixed  with  a  weak  aqueous  solution  of  sodium 
hydroxide ;  the  intense  crimson  colour  developed  showed  that  the 
hydroxynaphthaqninone  had  undergone'  change,  and,  although  the 
compound  was  not  isolated,  the  solution  undoubtedly  contained  amylid- 
enedihydroxynaphthaquinone.*  To  convert  this  into  its  a^-anhydr- 
ide,  the  solution  was  evaporated  to   dryness  in  a  dish,  on  a  water 

orange-coloured  substance  whicli  he  was  unable  to  crystallise.  The  figures  obtained 
burg,  188S,  p.  26). 

*  In  the  hope  of  obtaining  lapachol  synthetically,  I  liave  studied  the  behaviour 
of  hydroxynaphthaqninone  in  contact  witli  valeraldehyde  under  varied  conditions, 
and  have  found  that  if  these  compounds  are  heated  in  acetic  acid  solution,  in  the 
presence  of  a  sufficiently  large  quantity  of  hydrochloric  acid,  an  interaction  occur:* 
entirely  different  from  tlie  above.  Tlie  resulting  compound  has  been  analysed  by 
Mr.  C.  C.  Burger,  who  has  also  prepared  and  analysed  its  acetyl  derivative.  The 
figures  obtained  prove  that  under  these  conditions,  interaction  occurs  in  the  sensr 
of  the  equation  CioHgOa  +  C4H9COH  =  Cj^UuOs  -i-  HoO. 

The  compound  is  isomeric  with  lapachol ;  it  crystallises  in  brilliant  orange-red 
Ecedles,  melting  at  119^ — 120°,  and  with  the  alkalis  forms  violet  salts  which  crys- 
tallise very  readily.     The  acetyl  derivative  fuses  at  74". 
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bath,  to  drive  off  the  excess  of  valeraldehyde,  and  the  residue  was  dis- 
solved in  20  c.c.  of  warm  acetic  acid,  and  transferred  to  a  flask 
which  was  then  immersed  in  ice-cold  water.  A  mixture  of  60  c.c.  of 
concentrated  sulphuric  acid  and  20  c.c.  of  acetic  acid,  also  previously- 
cooled,  was  then  added,  the  flask  being  kept,  during  the  w^hole  opera- 
tion, in  water  cooled  by  ice  ;  after  a  few  minutes,  it  was  poured  into 
a  large  volume  of  water,  and  the  precipitate  which  formed  was  col- 
lected on  a  filter  and  thoroughly  washed.  When  dry,  it  was  twice 
crystallised  from  acetic  acid  and  analysed. 

0-1729  gave  0-4759  CO,  and  0-07 11  H^O.     C  =  75-06 ;  H  =  4-56. 
C25H16O5  requires  C  =  75-37  ;  H  =  4-52  per  cent. 

The  anhydride  was  obtained  in  small,  orange  needles  (sometimes 
also  in  small,  reddish-brown  plates),  which  commence  to  darken  at  a 
temperature  near  to  200°,  and  fuse  and  decompose  at  a  somewhat 
higher  temperature. 

The  presence  of  an  orthoquinone  group  was  demonstrated  by  the 
behaviour  of  the  compound  with  orthotoluylenediamine,  the  azine 
being  prepared  essentially  in  the  manner  previously  described 
(p.  81)  in  the  case  of  the  corresponding  benzylidene  compound. 
For  analysis,  it  was  purified  by  crystallisation  from  benzene,  in  which 
it  is  much  more  soluble  than  either  the  corresponding  benzylidene  or 
ethylidene  compounds.  It  was  obtained  in  orange-coloured  needles 
which  gave  precisely  the  same  colour  tests  with  sulphuric  acid  as  the 
azines  already  described. 

0-1618  gave  0-4705  CO2  and  0-0753  H^O.     C  =  79-80;  H  =  5-17. 
0-1653     „     8-20  c.c.  moist  nitrogen  at  26°  and  767  mm.     N  =  5-55. 
C32H24N'203  requires  C  =  79-34 ;  H  =  4-95 ;  N  =  5-78  per  cent. 

Cuminic,  Salicylic,  and  Cinnamic  Aldehydes. 

These  aldehydes  and  hydroxynaphthaquinone  interact  very  readily 
(compare  Schoch).  By  following  the  methods  already  given,  we 
have  succeeded  in  converting  the  resulting  compounds,  apparently 
quantitatively,  into  the  ay3-anhydrides.  In  all  three  cases,  the 
anhydrides  proved  to  be  bright  red,  crystalline  compounds,  which 
were  readily  acted  on  by  orthotoluylenediamine,  giving  characteristic 
azines.  The  compounds  were  not  analysed,  and  for  that  reason  are 
not  described  more  fully  here. 

I  shall  defer  for  a  short  time  the  discussion  of  the  constitution  of  the  compound 
and  its  bearing  on  that  of  lapachol ;  but  I  may  state  that  I  have  succeeded  in 
.<!onverting  it  by  a  number  of  interesting  changes  info  compounds  containing  the 
full  number  of  carbon  atoms  present  in  lapachol,  and  whicli  I  have  also  prepared 
from  lapachol  itself.  The  behaviour  of  other  aldehydes  under  s'milar  conditions 
will  also  be  studied. — S.  C.  H. 
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XIII. — Synthesis     of    PentamethylenecarhoxyliG     acid, 

Hexameihylenecarhoxylic  acid  [Hexahydrobenzoic  acid), 

and  Azelaic  acid. 

By  E.  Haworth,  B.Sc,  and  W.  H.  Pkekix,  Jun.,  Ph.D.,  F.R.S. 

During  the  last  few  year.s,  the  behaviour  of  benzene  derivatives  on 
reduction  has  been  the  subject  of  much  investigation,  and  Baeyei-'s 
classical  researches  in  this  field  (Annaleit,  245,  103;  251,  257; 
269,  145)  have  shown  that,  when  subjected  to  the  action  of  sodium 
amalgam,  the  phthalic  acids  yield  a  variety  of  interesting  derivatives, 
the  end  product  being  in  all  cases  the  saturated  hexahydro-acids 
formed  by  the  complete  reduction  of  the  benzene  ring.  Although 
these  acids  contain  a  closed  chain  of  six  carbon  atoms,  they  have  none 
of  the  properties  characteristic  of  benzene  derivatives,  but  behave 
in  almost  all  respects  like  saturated  open  chain  acids  of  the  fatty 
series. 

Other  hexahydrobenzene  derivatives  have  also  been  obtained  by 
the  reduction  of  the  corresponding  benzene  derivatives ;  but  only  in 
a  very  few  instances  have  such  compounds  been  synthetically  pre- 
pared from  substances  belonging  to  the  fatty  series.  One  case  of 
this  kind,  which  has  a  special  bearing  on  the  present  investigation,  is 
the  synthesis  of  1  :  2-methylliexamethylenecarboxylic  acid  (hexa- 
hydro-a-toluic  acid;  Freer  and  Perkin,  Trans.,  1888,  53,  202), 
which  was  carried  out  in  the  following  manner. 

The  sodium  derivative  of  ethylic  malonate  was  digested  in  alcoholic 
solution  with  methylpentamethylene  dibromide,  when  reaction 
readily  took  place  in  accordance  with  the  equation 

2CHNa(COOaH5),  +  CHa'CHBr-CHs-CH^-CH^-CH^Br  = 

The  ethylic  methylhexamethylenedicarboxylate  was  converted  by 
hydrolysis  into  the  corresponding  bibasic  acid,  which,  when  heated  at 
200°,  was  decomposed  quantitatively  into  carbon  dioxide  and  methyl- 
hexamethylenecarboxylic  acid. 

CH2*CH2*CH'CIl3  CH2*CIl2*CH'CH3 

CH2'CH2-C(COOH)2  ^  CH2-CH2-CH-COOH  "'"        '' 

The  action  of  reducing  agents  on  a-toluic  acid  has  not  as  yet  been 
investigated ;  and,  therefore,  it  has  not  been  possible  to  compare  the 
reduced  benzene  derivative  with  the  synthetical  acid ;  some  time 
since,  however,  Aschan  (Annalen,  271,  231)  succeeded  in  converting 
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benzoic  acid  into  hexahydrobenzoic  acid,  the  method  used  being  the 
following.  In  the  first  place,  benzoic  acid  was  reduced  by  excess  of 
sodium  amalgam  in  alkaline  solution  to  A--tetrahydrobenzoic  acid ; 
and,  by  treating  this  acid  with  hydrobromic  acid,  it  was  converted 
into  /5-(?)-bromhexahydrobenzoic  acid. 


HCOC 

»H 

HCOOH 

Hy\H 

Ho^^HBr 

1 

+  HBr   = 

• 

a^;ii 

Hg'^^^Ha 

Ho 

H^ 

Bromhexabydrobenzoic  acid  is  readily  reduced  by  sodium  amalgam, 
yielding  hexahydrobenzoic  acid  (hexamethylenecarboxylicacid).  This 
important  acid  is  very  similar  in  its  properties  to  the  methylhexa- 
methylenecarboxylic  acid  prepared  synthetically  by  the  method  de- 
scribed above ;  and  it  appeared  to  us  that  it  would  be  especially 
interesting  to  endeavour  to  obtain  hexahydrobenzoic  acid  syn- 
thetically, as  it  would  then  be  possible  to  compai-e  the  synthetical 
acid  with  the  reduced  benzene  derivative. 

For  this  purpose,  pentamethylene  dibromide,  Br[CIl2]jl3r,  was  re- 
quired, a  substance  which  Gustavson  and  DemjanofE  (/.  pr.  Chem., 
39,  542)  had  already  prepared  from  pentamethylenediamine  by  con- 
verting it  into  the  corresponding  glycol  by  the  action  of  silver  nitrite, 
and  subsequently  treating  the  glycol  with  hydrobromic  acid. 

NH,-[CH3j5-NH,  H0-[CH2]-0H  Br-[CH,]5-Br 

Pentamethylenediamine.        Pentamethyleneglj  col.         Pentamethylene  di- 
bromide. 

Before  commencing  the  study  of  the  action  of  this  dibromide  on 
the  sodium  derivative  of  ethylic  malonate,  we  wrote  to  Professor 
Gustavson,  and  in  reply  he  informed  us  that  Herr  DemjanofE  had 
already  instituted  experiments  in  this  direction,  but  did  not  intend  to 
proceed  any  further  with  them,  and  subsequently  Herr  Demjanolf 
not  only  agreed  to  allow  us  to  continue  this  research,  but  he  also  very 
kindly  gave  us  a  detailed  account  of  the  results  which  he  had  obtained 
in  his  preliminary  experiments. 

The  yield  of  pentamethylene  dibromide  obtained  by  Gustavson  and 
DemjanofE  {J.  pr.  Chem.,  39,  542)  was  very  small,  only  about  8  per 
cent,  of  the  theoretical,  and  as  we  required  considerable  quantities  of 
it,  we,  in  the  first  place,  made  numerous  experiments  with  the  object 
of  impi'oving  the  method  of  pi-eparation,  but  without  success,  so  that 
ultimately  we  prepared  our  material  by  a  method  practically  identical 
with  that  devised  by  Gustavson  and  DemjanofE.  The  preparation  of 
the  dibromide  is  exceedingly  tedious  :  altogether  1500  giams  of  tri- 
methylene  bromide  were  used,  the  conversion  of  which  into  penta- 
methylene dibromide   necessitated  moi"e   than  three  months'  steady 
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work,  the  ultimate  amount  of  product  obtained  being  only  90 
grams. 

The  subsequent  study  of  the  action  of  this  dibromide  on  the  sodium 
compound  of  ethylic  malonate  yielded  very  remarkable  results,  which 
prove,  as  we  believe,  that  the  substance  which  was  supposed  to  be 
comparatively  pure  pentamcthylene  dibromide  is  in  reality  a  mixture  of 
this  substance  and  tetramethylene  dibromide,  Br'[CH2]i* Br,  the  latter 
constituting,  as  it  appears,  as  much  as  70 — 75  per  cent,  of  the  whole. 
It  is  certainly  very  difficult  to  understand  how  tetramethylene  di- 
bromide can  be  thus  produced  from  pentamethylenediamine ;  and  it 
will  hardly  be  possible  to  understand  this  remarkable  method  of  form- 
ation, until  a  very  careful  examination  of  the  action  of  silver  nitrite 
on  the  hydrochloride  of  the  diamine  has  been  instituted,  as  the 
decomposition  seems  to  be  very  complicated.* 

The  reasons  for  assuming  that  the  dibromide  obtained  by  Gustav- 
son  and  Demjanoff's  method  is  a  mixture,  will  be  readily  understood 
from  the  accompanying  short  sketch  of  the  results  obtained  in  in- 
vestigating its  action  on  the  sodium  derivative  of  ethylic  malonate. 
In  alcoholic  solution,  action  takes  place  very  readily  on  warming, 
Avith  separation  of  sodium  bromide  and  formation  of  an  oily,  ethereal 
.salt,  which,  on  distillation,  yields,  besides  regenerated  ethylic  malon- 
ate, two  principal  fractions,  240—250°  (760  mm.)  and  270—275° 
{50  mm.).  The  fraction  240 — 250°  contains  traces  of  bromine,  and, 
therefore,  did  not  give  good  results  on  analysis ;  when  hydrolysed 
by  boiling  with  alcoholic  potash,  however,  it  yields  a  beautifully 
crystalline  bibasic  acid,  which,  on  analysis,  gave  numbers  agreeing 
•sharply  with  those  required  by  the  formula  C7H10O4 ;  this  result  was 
confirmed  by  the  analysis  of  the  silver  salt,  which  has  the  composi- 
tion C7H8Ag204. 

This  acid  is,  therefore,  not  hexamethylenedicarboxylic  acid,  the 
ethereal  salt  of  which  would  have  resulted  from  the  action  of  penta- 
mcthylene dibromide  on  the  sodium  derivative  of  ethylic  malonate ; 
hut  it  contains  CH2  less  than  this  acid,  and  is,  therefore,  probably 
pentamethylenedicarboxylic  acid,  the  ethereal  salt  of  which  would  be 
produced  in  the  following  manner. 

*  While  this  paper  was  in  the  press,  it  occurred  to  me  that  this  formation  of 
tetramethylene  dibromide  might  be  explained  as  follows.  When  triracthylene  di- 
bromide reacts  with  potassium  cyanide,  it  may  be  assumed  that  the  decomposition, 
to  some  extent,  proceeds  thus, 

Br-CCHsJaBr  +  KCN  +  IIjO  =  CNCCHjlaOH  +  KBr  +  HBr. 
The  cyanhjdrin,  thus  produced,  would  then,  on  reduction,  be  converted  into  hydr- 
oxjtetrauiethyleneamine,  ^Il^'l^CHiJ^-OH,  the  hydrochloride  of  which,  in  contact 
with  silver  nitrite,  would  yield  tetramethyleneglycol,  0H-[CH;]4-0H,  tetra- 
methylene dibromide  being  formed  from  this  by  the  subsequent  action  of  hydrogen 
bromide. — W.  H.  P.,  Jun. 
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2CHNa(COOaH5)2  +  CHiBr-CH^-CH/CH^Br  = 

^^'■<cl:;6fcOOC.H0.    +  CH^(COOC..H.).  +  2XaB.. 

That  the  action  actually  takes  place  in  this  manner  is  proved  by 
the  following  considerations.  The  bibasic  acid  of  the  formula 
C7H10O4  does  not  decolorise  potassium  permanganate  in  dilute  alkaline 
solution  ;  it  is,  therefore,  a  saturated  acid,  and  must  contain  a  closed 
carbon  chain;  when  heated  above  its  melting  point,  it  rapidly  decom- 
poses, carbon  dioxide  being  evolved  and  an  oily  acid  produced,  which 
distils  constantly  at  214 — 215°.  The  analysis  of  this  acid  and  its 
silver  salt  prove  that  it  is  a  monobasic  acid  of  the  formula  CeHioO^, 
and  its  formation,  on  the  assumption  that  the  bibasic  acid  was  penta- 
methylenedicarboxylic  acid,  may  be  represented  thus 

riTT^CHa-CHa  _  CH2-CH3  4.  CO 

'^CH3-C(COOH)2  '^CHs-CH-COOH  "^        " 

Pentametliylenemono- 
carboxylie  acid. 

The  properties  of  this  monobasic  acid  coincide  so  exactly  with 
those  which  could  have  been  predicted  for  pentamethylenecarboxylic 
acid,  that  we  had  no  hesitation  in  adopting  this  view  of  its  constitu- 
tion ;  curiously  enough,  however,  while  this  reseai'ch  was  in  progress 
and  nearing  completion,  Wislicenus  and  Gartner  (Annalen,  275,  333) 
succeeded  in  preparing  pentamethylenecarboxylic  acid  by  a  series  of 
reactions  which  leave  no  doubt  as  to  the  constitution  of  their  product. 
By  the  distillation  of  anhydi^ous  calcium  adipate,  these  chemists 
prepared,  in  the  first  place,  the  ketone  of  adipic  acid  (ketopenta- 
methylene), 

CH.CH.COO  ^  CH.-CH 

CHo-CH^-COO"^  CH,-CHr 

When  this  ketone  is  poured  on  to  powdered  potassium  cyanide,  and 
concentrated  hydrochloric  acid  is  added,  the  hydroxycyanide  first  pro- 
duced is  hydrolysed  and  converted  into  a-hydroxypentamethylene 
carboxylic  acid. 

CHi-CHo     ^     OK    .        CHo-CH,^  ^     OR 

cn,-CH.>^<c.\  ^'^''  ch,-ch;>^<cooh  * 

This  hydroxy-acid  is  readily  reduced  by  heating  with  hydriodic- 
acid  and  phosphorus  in  a  sealed  tube  at  190 — 195",  and  is  thus 
converted  into  pentamethylenecarboxylic  acid, 

CH,-CH, 
CH,-CHr 
The  same  acid  was  also  obtained  by  converting  ketopentamethjleno 
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into  pentamethylenic  alcohol  by  reduction  ;  the  alcohol,  when  treated 
Avith  hydriodic  acid,  yields  the  corresponding  iodide,  which,  when 
digested  with  potassium  cyanide,  is  converted  into  pentamethylenic 
cyanide ;  from  this,  pentamethylenecarboxylic  acid  is  obtained  by 
hydrolysis. 

At  our  request,  Professor  Wislicenus  was  kind  enough  to  send  us  a 
small  quantity  of  his  acid  in  order  to  enable  us  to  decide  definitely  as 
to  its  identity  with  our  acid.  We  converted  his  specimen  into  the 
acid  chloride,  from  which  we  prepared  the  aniiide,  CsHg-CO'NH'CsHs, 
which  crystallises  from  alcohol  in  a  highly  characteristic  manner, 
and  melts  sharply  at  159 — 160°.  On  repeating  the  experiment  under 
precisely  similar  conditions,  with  our  pentamethylenecarboxylic  acid, 
we  obtained  an  aniiide  which  crystallised  in  the  same  characteristic 
manner,  melted  at  159 — 160°,  and  on  careful  comparison  was  found 
to  be  identical  with  the  aniiide  of  Wislicenus  and  Gartner's  acid. 

There  can,  therefore,  be  no  doubt  that  the  acid  C6H10O2  obtained 
by  us  in  the  manner  described  above  is  in  reality  pentamethylene- 
carboxylic acid. 

During  the  course  of  this  investigation  the  action  of  bromine  in 
the  presence  of  phosphorous  on  pcntametbj'lenecarboxylic  acid  was 
studied,  and  in  this  way  some  very  intei'esting  results  were  ob- 
tained. If  the  product  is  poured  into  methyl  alcohol,  methylic 
a-bromopentamethylenecarboxylate,  a  colourless  oil  boiling  at 
122 — 125°  (60  mm.),  is  produced;  and  this,  when  ti-eated  with 
aqueous  potash,  yields  A'-pentamethenylcarboxylic*  acid. 

CH<^^^~9^^  +  2K0H  = 

Potassium  pentametlienylcarboxylate. 

This  acid  melts  at  119 — 121°,  and  in  many  of  its  properties  shows 
a  marked  resemblance  to  benzoic  acid,  from  which,  however,  it  is 
sharply  differentiated  by  its  instability  towards  alkaline  permanganate 
solution,  which  it  instantaticously  decolorises. 

When  subjected  to  the  action  of  bromine  vapour,  pentamethenyl- 
carboxylic  acid  is  converted  into  a  saturated  dibromo-addition  pro- 
duct, C6H8Br,i02 ;  this  is  evidently  dibromopentamethylenecarboxylic 
acid  produced  according  to  the  equation 

™'<CH,-tJ.COOH  +  =^=  =  ™»<CH,-6Br.C0OH- 

•  This  name  is  given  to  the  acid  in  order  to  indicate  its  connection  with  the  pcnta- 
methcnyl  dcriTalivei  described  by  Wislicenus  and  Gartner  {Annalen,  275,  331). 
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By  treating  hydroxypentametliyleneearboxylic  acid  with  hydrlodic 
acid  and  phosphorus  at  150°,  Wislicenus  and  Gartner  (loc.  cit.,  p.  337) 
also  obtained,  in  almost  quantitative  yield,  an  acid  CgHgOz,  which 
melted  at  120°,  and  was  readily  volatile  with  steam.  There  is  no 
doubt  that  this  acid  is  identical  with  pentamethenylcarboxylic  acid, 
and  its  formation  is  readily  understood,  if  it  be  assumed  that  the 
hydriodic  acid  of  the  strength  employed  acted  simply  as  a  dehydrat- 
ing agent,  thus, 

CH  ^^H-~9^'  =    PH  ^^^2-CH  _L  H  O  • 

'^CH2-C(0H)-C00H  '^CH.-C-COOH  '    ' 

the  above  mentioned  chemists,  indeed,  discuss  this  possibility,  but 
consider  it  very  improbable  that"  the  reaction  proceeds  in  this  way 
without,  however,  giving  any  cogent  reasons  against  this  assumption  ; 
they  are,  moreover,  unable  to  suggest  any  formula,  other  than  the 
above,  which  corresponds  with  the  properties  of  the  acid. 

The  next  step  was  to  determine  whether  by  the  action  of  the 
mixed  bromides  on  the  sodium  derivative  of  ethylic  malonate  any 
hexamethylene  derivative  had  been  formed.  In  order  to  decide  this 
point,  the  various  mother  liquors  of  the  pentamethylenedicarboxylic 
acid  were  evaporated  to  dryness  and  the  residue  was  distilled.  The 
colourless  oily  distillate,  after  treatment  with  permanganate  to 
remove  unsaturated  compounds,  was  very  carefully  fractionated,  and 
in  this  way  rather  more  than  3  grams  of  a  colourless  acid,  boiling  at 
ti31 — 233°,  was  obtained.  It  solidified  in  a  freezing  mixture,  and  on 
analysis  gave  numbers  agreeing  with  the  formula  C7Hi202,  a  result 
which  was  confirmed  by  the  analysis  of  the  silver  salt,  C7HiiAg02. 

That  this  acid  is  hexahydrobenzoic  acid  (hexamethylenecarboxylic 

acid),  CH2<^^'~^^>CH-C00H,  may  be  said  to  be  clearly  proved 

by  the  following  facts  : — 

1.  It  has  the  same  boiling  point  as  Aschau's  hexahydrobenzoic 
acid. 

2.  It  is  a  saturated  acid,  since  its  solution  in  dilute  sodium  carbon- 
ate does  not  decolorise  potassium  permanganate. 

3.  The  mixed  dibromides  from  pentamethylenediamine  undoubt- 
edly contain  considerable  quantities  of  pentamethylene  dibromide,  as 
is  proved  by  the  synthesis  of  azela'ic  acid  (see  below),  for  the  produc- 
tion of  which  the  presence  of  this  dibromide  is  necessary  :  as,  there- 
fore, this  dibromide  is  present,  it  would  be  most  remarkable  if  by  its 

^—action  on  the  sodium  derivative  of  ethylic  malonate,   some  ethyJic 
^■hexamethylenedicarboxylate  were  not  produced  ;  and  the  latter,  on 
•hydrolysis  and  subsequent  decomposition   by  heat,  must  yield  hexa- 
hydrobenzoic acid  (compare  Freer  and  Perkin,  Trans.,  1888,53,206). 

H  2 


I 
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The  formation  of  hexahydrobenzoic  acid  by  this  reaction  is  fnrther- 
more  confirmed  by  Demjanoff,  who  (as  he  states  in  the  description  of 
his  experiments  which  he  kindly  sent  us)  obtained  an  ethereal  salt 
boiling  at  214 — 255°,  which,  on  hydrolysis,  yielded  a  bibasic  acid 
melting  and  decomposing  at  145 — 160° ;  on  analysis,  it  gave  numbers 
agreeing  with  the  formula  of  hexamethylenedicarboxylic  acid, 
CsHioCCOOH),. 

Found,  C  =  55-6 ;  H  =  72.     Theory,  C  =  558  ;  K=7. 

This  bibasic  acid,  on  distillation,  yielded  an  oily  monobasic  acid,  the 
calcium  salt  of  which  contained  water  of  crystallisation,  and,  after 
drying,  gave  numbers  agreeing  with  the  formula  (C6Ha02)2Ca  : 

Found,  Ca  =  13*6  per  cent.     Theory,  13"6  per  cent. 

According  to  Aschan,  the  calcium  salt  of  hesahydrobenzoic  acid  has 
the  formula  (C6Hii02)jCa  +  4H2O.  There  cfin  be  no  doubt  that  the 
latter  was  hexahydrobenzoic  acid,  and  its  synthesis  from  pentamethyl- 
ene  dibromide  was,  therefore,  first  accomplished  by  DemjanofF. 

Synthens  of  Azelaic  acid. 

When  the  product  of  the  action  of  the  mixed  dibromides  on  the 
sodium  derivative  of  ethylic  malonate  is  fractionated,  the  tempera- 
ture rises  impidly  after  the  fraction  240 — 250°,  which  has  just  beeii 
described,  has  passed  over,  and  if  the  distillation  be  continued 
under  reduced  pressure,  a  quantity  of  a  thick  oil  is  obtained,  boiling 
at  270 — 275"  (50  mm.).  This  oil,  which  constitutes  about  25  pcr 
cent.  of  the  product,  is  ethylic  heptanetetracarboxj^late,  formed  by 
the  action  of  1  mol.  of  pentamethylene  dibromide  on  2  mols.  of  ethylic 
sodiomalonate. 

2(COOC2H5)2CHN-a  +  Br-[CHj]5-Br  = 

(COOaH5)2CH-[CHo]-CH(COOaH5)2  +  2NaBr. 

On  hydrolysis  with  alcoholic  potash,  this  ethereal  salt  yields  an  oily 
tetrabasic  acid,  which,  when  heated  at  200°,  is  readily  decomposed 
into  carbon  dioxide  and  a  dark  brown,  crystalline  acid.  The  latter 
crystallises  from  water  in  glistening  plates,  melts  at  107°,  and  is  in 
all  respects  identical  with  azelaic  acid,  as  was  clearly  proved  by  a 
direct  comparison  with  a  sample  of  the  latter  obtained  by  the  oxida- 
tion of  Chinese  wax.  The  synthesis  of  azelaic  acid  has  not  beeiv 
accomplished  previously,  and  its  formation  by  the  action  of  heat  on 
heptanetetracarboxylic  acid  is  readily  understood  with  the  aid  of  the 
following  equation. 

(COOH)aCH[CH2>CH(COOH)2  = 

COOH-CH2'[CH2]5-CH2-COOH  +  200^. 

No  trace  of  any  other  acid,  siiberic  acid  for  example,  was  formed 
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in  this  reaction.  It  is  very  remarkable  that  tctramethylene  dibromide 
and  pentamethylene  dibromide  should  differ  so  markedly  in  their 
behaviour  towards  ethylic  sodiomalonatc  :  that  is,  that  penta- 
methylene dibromide  should  yield,  besides  ethylic  hexamethylenedi- 
carboxylate,  also  ethylic  heptanetetracarboxylate,  but  that  tetra- 
methylene  dibromide  under  precisely  similar  conditions  should  be 
quantitatively  converted  into  ethylic  pen tamethylenedicarboxy late, 
without  a  trace  of  ethylic  hexanetetracarboxylate, 

(COOaH6)2CH-[CH2]i-CH(COOC2H5)o., 
bein^  formed. 

In  connection  with  this  point,  it  is  interesting  to  note  that  methyl- 
pentamethylene  dibromide,  CH3'CHBr'[CH2]3*CIl2Br,  and  methyl- 
tetramethylene  dibromide,  CH3*CHBr*[CH2]2'CH2Br,  behave  in  a 
precisely  similar  manner  when  heated  with  ethylic  sodiomalonatc ; 
the  former  (Freer  and  Perkin,  Trans.,  1888,  53,  202,  215)  yielding 
ethylic  methylhexaraethylenedicarboxylate  and  considerable  quanti- 
ties of  ethylic  iso-octanetetracarboxylate,* 

(COOC2H6)2CH-CH(CH3)-[CH2]4-CH(COOC2H5)2, 
whereas  in  the  case  of  the  latter  (Colman  and  Perkin,  Trans.,  1888, 
53,  185)  ethylic  methylpentamethylenedicarboxylate  alone  is  formed. 

2CHNa(COOC2H5)2  +  CHs-CHBr-CHs-CHj-CHBr  = 
PIT  — PFT'PTT 
^^'<CH::6(C00C,H,)=  +  CH.(COOaH0,  +  2NaB... 

As  we  were  in  possession  of  several  grams  of  ethylic  heptanetetra- 
carboxylate, we  studied  the  action  of  bromine  on  the  disodium  deriva- 
tive of  this  ethereal  salt,  in  order  to  determine  whether  it  were 
possible  in  this  way  to  accomplish  a  synthesis  of  a  7-carbon  ring. 

p^    .CH2-CH2-CNa(COOC2H5)2    ,   r.,  _ 

'^^2^CH2-CH2-CNa(COOC2H.,)2  "^       '  ~ 

CH2-CH2-C(COOC2H»)2    . 
^^^<CH2-CH,.C(COOC2H,).  ^  ^^^^'- 

The  product,  on  hydrolysis,  gave  an  oily  acid,  which  decomposed 
at  200°,  carbon  dioxide  being  evolved ;  the  oily  residue,  after  a 
time,  deposited  crystals  of  azelaic  acid ;  unfortunately  we  were  not 
able  to  isolate  any  other  crystalline  substance  from  the  mother  liquor 
of  these  crystals. 

Experiments  on  the  action  of  bromine  on  the  disodium  derivative 
of  ethylic  iso-octanetetracarboxylate  which  were  instituted  some  time 
.since  by  Freer  and  one  of  us  (loc.  cit.)  gave  a  similar  negative  result. 
As,  however,  it  has  beeu  shown  (Kipping  and  Perkin,  Trans.,  1891, 
59,  214—229;  Wislicenus  and  Meyer,  Annalen,  275,  356—366) 
*  Previously  erroneously  called  ethylic  isoheptanetetracarboxylate. 


94  HAWORTH   AND  PERKIN :   SYNTHESIS   OF 

that  a  7-carbon  ring  is  capable  of  existence,  it  is  very  probable  that  if 
these  experiments  were  repeated  under  different  conditions  a  more 
satisfactory  result  would  be  attained. 

The  results  of  this  research  prove  conclusively  that  the  dibromide 
produced  from  the  product  of  the  action  of  silver  nitrite  on  the 
hydrochloride  of  pentamethylenediamine  contains,  besides  penta- 
methylene  dibromide  as  its  chief  constituent,  tetramethylene  dibromide. 
It  is,  therefore,  possible  that  the  hydrocarbon  obtained  by  Gustavsoii 
and  Demjanoff  (J5er.,  24,  4002)  by  the  action  of  sodium  on  these 
mixed  dibromides,  and  which  boiled  at  85",  was  not  pure  penta- 
methylene,  as  these  chemists  supposed,  but  a  mixture  of  this  hydro- 
carbon with  tetramethylene. 

Wislicenus  and  Hentzschel  (Annalen,  275,  327)  prepared  a  hydro- 
carbon, which  is  probably  pentamethylene,  by  reducing  an  alcoholic 

PTT  — PFT 
solution  of  pentamethylenic  iodide,  CH2<[  Attt  ^^^^   ^i^^  ^^^ 

CH2— CHI 

hydrochloric  acid  ;  it  boiled  at  50'25 — 50-75°,  or  about  15°  higher  than 
Gustavson  and  Demjanoff's  product. 

The  boiling  point  of  pentamethylene  may  be  calculated  in  various 
ways,  as  for  example,  by  subtracting  the  difference  between  the  boil- 
ing points  of  heptamethylene  (98 — 101°)  and  of  hexamethylene  (80°) 
from  that  of  the  latter  the  calculated  boiling  point  being  thus  about 
50°,  a  value  agreeing  with  that  found  by  Wislicenus  and  Hentzschel. 
It  is,  however,  remarkable  that  the  unsaturated  hydrocarbon  penta- 

PTT  — PH 

raethenylene,  CH-i-^     J^  H     ,  prepared  by  "Wislicenus  and   Gartner, 
GI12— 0x1 

which  should  boil  higher  than  pentamethylene,  was  found  to  boil 
at  45°. 


Action  of  Silver  Nitrite  on  Pentamethijlenediaviine  Hydrochloride. 

Gustavson  and  DemjanofE  (/.  pr.  Chem.,  ii,  39,  542),  who  first 
studied  this  decomposition,  obtained  as  a  result  a  substance  boiling  at 
162°  under  a  pressure  of  30  mm.,  which  they  concluded  was  penta- 
methylene glycol,  C5Hio(OII)2 ;  by  heating  this  with  fuming  hydro- 
brom.ic  acid  in  sealed  tubes  at  100°,  they  prepared  a  dibromide  boil- 
ing at  204 — 206°,  which,  on  analysis,  gave  numbers  agreeing  with  the 
formula  CsHioBrz. 

The  yield  of  the  glycol  and  bromide  was,  however,  but  small, 
17  grams  of  the  latter  being  obtained  from  80  grams  of  pentamethyl- 
enediamine, whereas,  according  to  theory,  the  yield  should  have  been 
180  grams.  As  it  seemed  likely  that  in  the  course  of  our  experiments 
we  should  require  considerable  quantities  of  this  dibromide,  we  made, 
in  the  first  place,  numerous  experiments  with  the  object  of  improving 
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<he  yield,  using  silver  nitrite,  sodium  nitrite,  free  nitrous  acid,  &c., 
under  a  great  variety  of  conditions,  but  the  results  vs^ere  unsatisfac- 
tory. Ultimately,  we  found  it  best  either  to  follow  the  method  of 
Gustavson  and  Demjanotf  exactly,  or,  in  any  case,  to  introduce  only 
very  slight  modifications.  The  method  of  procedure  finally  adopted  was 
the  following  : — To  a  fairly  strong  solution  of  pentamethylenediamine 
hydrochloride  rather  more  silver  nitrite  was  added  than  the  amount  re- 
quired by  theory.  The  nitrite  was  made  into  a  thin  paste  with  water  and 
added  little  by  little  to  the  solution  of  the  hydrochloride,  the  mixture 
being  kept  well  cooled  during  the  addition  ;  care  is  necessary  in  per- 
forming this  operation,  as,  owing  to  the  evolution  of  nitrogen,  the 
mixture  froths  very  much,  especially  if  the  solution  be  too  concen- 
trated. Next  day  the  mixture  was  heated  on  the  water  bath  in  a  re- 
flux apparatus  for  one  hour ;  the  precipitated  silver  chloride  was  then 
filtered  off,  washed  with  a  little  water,  and  the  combined  liquors  con- 
centrated by  distillation  in  a  flask  connected  with  a  fractionating 
column  so  as  to  prevent  the  glycol  being  carried  over  with  the  steam. 
In  this  operation,  a  small  quantity  of  oil  of  very  unpleasant  odour 
passed  over  with  the  water,  but  was  not  obtained  in  quantity  suflB- 
cient  for  further  examination. 

The  residual  liquid,  after  the  bulk  of  the  water  had  passed  over,  was 
made  into  a  thick  paste  with  anhydrous  potassium  carbonate,  and  the 
glycol  which  separated  as  an  oil  was  removed  by  extracting  six  times 
with  ether.  On  distilling  off  the  ether,  a  considerable  quantity  of  a 
brown  oil  remained,  which  was  alkaline  and  smelt  of  ammonia.  This 
was  mixed  with  10  times  its  volume  of  fuming  hydrobromic  acid 
(saturated  at  U°),  which  at  once  acted  on  it,  producing  a  hissing 
sound  and  dense,  white  fumes,  a  considerable  amount  of  heat  being 
generated.  The  mixture  was  heated  on  the  water  bath  in  a  flusi-: 
attached  to  a  reflux  condenser  for  about  two  hours,  then  resaturatct 
with  hydrogen  bromide,  sealed  up  in  tubes,  and  heated  in  boiling 
v.^ater  for  four  hours. 

"When  cold,  the  contents  of  the  tubes  were  poured  into  water,  the 
heavy  oily  product  extracted  with  ether,  the  ethereal  solution 
washed  with  water  and  sodium  carbonate  solution,  and  dried  over 
calcium  chloride.  On  distilling  off  the  ether,  a  dark  brown  liquid 
remained  which  had  the  odour  characteristic  of  the  higher  dibromides 
in  the  fatty  series.  The  bromine  determination  was  made  by  Carius' 
method. 

0-2398  gave  0-3925  AgBr.     Br  =  69-63. 

CsHioBrg  requires  Br  =  69*56  per  cent. 

This  result  agrees  closely  with  that  obtained  by  Gustavson  and 
Demjanoff,  the  mean  of  their  analyses  giving  Br  =  70-1  per  cent. 
In    spite   of    the  close  agreement   of   the   analytical  numbers   with 
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those  required  by  the  formula  Br'[CH2]5'Br,  the  result  of  our  sub- 
sequent experiments  with  this  bromide  proves  that  it  is  not  by  any 
means  pure  pentamethylene  dibromide,  but  contains  only  approxim- 
ately 25  per  cent,  of  the  latter,  the  remainder  being  tetramethylene 
dibromide,  Br  [CH2]4' Br  ;  a  mixture  of  this  kind  contains  72"89  per 
cent,  of  bromine. 

As  it  is  quite  usual  for  a  dibromide  such  as  this,  owing  to  slight  de- 
composition and  consequent  loss  of  hydrogen  bromide,  to  give  num- 
bers from  1  to  2  per  cent,  below  the  theoretical,  it  is  not  surprising 
that  the  numbers  found  in  the  present  case  are  also  inaccurate. 

Action  of  the  Mixed  Tetrametliylene  and  Pentamethylene  Dibromides  on 
the  Sodium  Derivative  of  Ethylic  Malonate. 

8  grams  of  sodium  were  dissolved  in  100  grams  of  absolute  alcohol, 
the  solution  well  cooled,  and  a  mixture  of  40  grams  of  the  bromide 
and  56  grams  of  ethylic  malonate  added.  At  ordinary  temperatures, 
no  change  appears  to  take  place  except  on  long  standing,  but,  on 
gently  warming,  the  action  soon  begins,  sodium  bromide  separates, 
and  the  liquid  boils  vigorously  for  some  time;  as  soon  as  the  reaction 
becomes  sluggish,  the  mixture  is  heated  on  the  water  bath  in  a  reflux 
apparatus  for  about  two  hours,  allowed  to  cool,  poured  into  twice  its 
volume  of  water-,  and  then  extracted  with  ether  four  times.  The 
<ithereal  solution  is  well  washed  with  water  to  free  it  from  alcohol, 
dried  over  calcium  chloride,  and  the  ether  distilled  off.  Two  experi- 
ments were  made  in  this  way,  the  total  amount  of  bromide  used  being 
'90  grams. 

The  products  from  both  these  experiments  were  mixed  and  frac- 
tionated under  reduced  pressure  (50  mm.),  and  in  this  way  separated 
into  three  fractions  boiling  (1)  between  130°  and  145°;  (2)  between 
155^  and  180°  ;  and  (3)  between  180°  and  275°. 

A  small  portion  of  fraction  2,  which  boiled  at  162 — 165°  under  a 
'pressure  of  30  mm.,  was  collected  for  analysis,  but  it  did  not  give 
:satisfactory  numbers,  owing  to  the  fact  that  it  contained  traces  of 
bromine. 

The  two  fractions  130 — 180°  were  then  mixed,  and  distilled  under 
ordinary  pressure,  when  they  were  separated  into  two  parts,  the  one 
boiling  below  210°  and  consisting  almost  entirely  of  ethylic  malonate, 
the  other  a  thick  oil  boiling  at  210 — 250".  The  further  purification  of 
fraction  3  boiling  at  180— 285°(50  mm.)  will  be  described  later  (p.  104). 

1 :  l-Pentam.ethylenedicarhoxylic  acid,  CH2<!  krnr\r\iT\  • 

The  fractions  of  the  products  of  the  action  of  the  mixed  bromides 
on  ethylic  sodiomalonate  boiling  at  200 — 210°  and  210 — 250°  cannot 
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be  readily  pnrified  by  fractional  distillation,  owing  to  the  fact  that  the 
oil  contains  bromine  which  cannot  readily  be  removed,  and  the 
presence  of  which  renders  the  results  of  analysis  valueless  ;  for  this 
reason,  Ihe  oils  were  directly  submitted  to  hydrolysis  and  the  result- 
iitg  acids  further  examined. 

Fraction  200 — 210",  consisting  principally  of  ethylic  malonate,  and 
weighing  37  grams,  was  mixed  with  a  strong  solution  of  40  grams  of 
pure  caustic  potash  in  methylic  alcohol,  and  heated  in  a  reflux 
apparatus  for  two  hours.  The  alkaline  solution  was  then  diluted 
with  water,  evaporated  on  a  water  bath  till  free  from  alcohol,  and  the 
residue  cooled,  acidified  with  dilute  sulphuric  acid,  and  extracted  five 
times  with  pure  ether.  The  ethereal  solution,  after  drying  over 
calcium  chloride  and  evaporating,  deposited  a  small  quantity  of  crude 
pentamethylenedicarboxylic  acid,  the  malonic  acid  remaining  almost 
entirely  in  the  aqueous  solution.  This  was  subsequently  worked  up 
with  the  principal  quantity  obtained  from  the  fraction  210—250°. 

During  the  hydrolysis  of  the  fraction  210 — 250°,  weighing  55  grams, 
with  40  grams  of  potash  dissolved  in  methylic  alcohol,  a  considerable 
quantity  of  a  crystalline  potassium  salt  separated.  The  whole  dis- 
solved readily  in  water,  and  on  evaporating,  acidifying,  and  extracting 
with  ether,  as  described  above,  42  grams  of  a  browq,  oily  acid  was  ob- 
tained, which,  on  standing  over  sulphuric  acid  in  a  vacuum,  deposited 
crystals,  and  gradually  became  semi-solid.  This  crude  product  was 
spread  on  biscuit  ware,  and  when  the  brownish,  oily  mother  liquor 
had  been  entirely  absorbed,  the  colourless,  crystalline  mass  which 
remained  was  recrystallised  several  times  from  watei*.  It  then  formed 
colourless  prisms,  which,  on  analysis,  gave  results  agreeing  with  the 
formula  of  pentamethylenedicarboxylic  acid,  C5H8(COOH)2. 

0-1570  gave  0-3060  CO2  and  00910  HjO.     C  =  53-16  ;  H  =  644. 

0-1281     „     0-2493     „      „    0-0752    „         C  =  53-08 ;  H  =  6-53. 

C5H8(COOH)2  requires  C  =  5316;  H  =  633  per  cent. 

1 : 1-Pentamethylenedicarboxylic  acid  is  readily  soluble  in  hot,  but 
comparatively  sparingly  in  cold,  water.  It  crystallises  from  water  in 
colourless  prisms,  which,  when  heated  in  a  capillary  tube,  melt  at 
about  184^-185°,  undergoing  decomposition  into  carbon  dioxide  and 
pentamethylenemonocarboxylic  acid ;  this  decomposition  also  takes 
place  to  some  extent  when  the  aqueous  solution  of  the  acid  is 
evaporated,  as  the  solution  acquires  a  strong  odour  of  the  monocarb- 
oxylic  acid.  It  is  readily  soluble  in  alcohol  and  ether,  sparingly  in 
benzene,  and  almost  insoluble  in  light  petroleum.  The  solution  of 
this  acid  in  sodium  carbonate  does  not  decolorise  potassium  perman- 
ganate, even  on  long  standing,  showing  that  the  acid  is  saturated. 

Silver  Salt  of  1 : 1' Pentamethylenedicarboxylic  acid. — This  was  ob- 


98  HA  WORTH  AND  PERKIX  :   SYNTHESIS  OF 

tained  as  a  white,  amorphous  precipitate,  on  adding  silver  nitrate 
to  a  neutral  solution  of  the  ammonium  salt  of  the  acid  ;  it  is  very 
sparingly  soluble  in  water.  After  being  well  washed,  it  was  dried 
over  sulphuric  acid  in  a  vacuum  and  analysed. 

0-2898  gave  0-2418  CO^,  0-0551  H^O  and  0-1668  Ag.     C  =  22-79'; 

H  =  2-11 ;  Ag  =  57-66. 
0-3157  gave  0-1816  Ag.     Ag  =  57-52. 
CjHsCCOOAg)^  requires  C  =  22-58  ;  H  =  2-15  ;  Ag  =  58-06  per  cent. 

Tenlamethylenemonocarboxylic  acid,  CH2<^       '    i       ^^^    . 

CHj— CH'COOH 

When  pure  pentamethylenedicarboxylic  acid  is  heated  in  a  dis- 
tilling flask,  carbon  dioxide  is  evolved,  and  an  oil  consisting  of  pure 
pentamethylenemonocarboxylic  acid  distils  over  constantly  at 
214—215°. 

As  the  quantity  of  pure  dicarboxylic  acid  at  our  disposal  was 
small,  we  extracted,  with  ether,  the  biscait  ware  containing  the  crude 
oily  dicarboxylic  acid  (p.  97),  evaporated  the  ethereal  solution,  and 
decomposed  the  brownish  residue,  by  heating  it  at  200'^  until  no 
more  carbon  dioxide  was  evolved.  On  distilling  the  residual  oily 
acid,  the  whole  (20  grams)  passed  over  between  210°  and  230°  as  a  very 
unpleasant-smelling  oily  liquid  which  did  not  solidify  when  cooled 
in  a  freezing  mixture.  This  acid  is  a  mixture  of  pentamethylene- 
carboxylic  and  hexamethylenecarboxylic  acids,  the  former  being  pre- 
sent in  by  far  the  larger  quantity.  The  acids  are,  however,  con- 
taminated with  some  impurity  which  causes  the  alkaline  solution  to 
decolorise  permanganate  solution  in  the  cold. 

In  order  to  remove  this  impurity,  the  mixed  acids  were  dissolved  in 
dilute  sodium  carbonate  solution,  cooled  below  0°,  and  permangan- 
ate solution  (1  per  cent.)  added  until  the  pink  colour  was  permanent. 
The  excess  of  permanganate  was  then  removed  by  adding  a  few 
drops  of  alcohol,  the  product  filtered,  and  the  filtrate  evaporated  to  a 
small  bulk.  The  acids  were  then  liberated  by  adding  dilute  sulphuric 
acid,  extracted  with  pure  ether,  and  the  ethereal  solution,  dried  over 
calcium  chloride,  was  evaporated.  The  residual  oil  (17  grams),  sub- 
mitted to  very  careful  and  repeated  fractional  distillation,  gave  about 
9  grams  of  oil  boiling  constantly  at  214 — 215°  (the  higher  fraction  i.s 
mentioned  later),  which,  on  analysis,  gave  results  agreeing  with  the 
formula  of  pentamethylenemonocarboxylic  acid. 

0-1998  gave  0-4612  CO^  and  0-1585  H2O.     C  =  62-95 ;  H  =  8-80. 
CoHsCOOH  requires  C  =  6316 ;  H  =  877  per  cent. 

The  silver  salt.  CeHgOzAg,  obtained  by  adding  silver  nitrate  to  a 
neutral  solution  of  the  ammonium  salt,  as  a  voluminous,  white,  amor- 
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plious  precipitate,  was  well  washed  with  water,  dried  over  sulpharic 
acid  in  a  vacuum,  and  analysed. 

0-1496  gave  0-1778  CO^,  0-0582  HA  and  0-0730  Ag.     C  =  32-41 ; 

H  =  4-32  ;  Ag  =  48-79. 
0-1872  gave  0-0908  Ag.     Ag  =  48-5. 
CsHgCOOAg  requires  C  =  32-58 ;  H  =  4-07 ;  Ag  =  48-86  per  cent. 

The  relative  density,  magnetic  rotation,  and  refractive  power  deter- 
minations were  carried  out  by  Dr.  W.  H.  Perkin,  sen.,  who  obtained 
the  following  results. 

Penfamethylenemonocarooxylic  acid. 
The  density  determinations  gave — 

(^474°    1-0540.  (Z 15715°     1-0452. 

cZ  10710°     1-0489.  fZ  2072O"     1-0416. 

d  25725°     1-0385. 

The  refractive  power  determinations  gave— 


t. 

fix- 

Mo- 

/'D- 

/IF- 

MG- 

17-7" 

1-44759 

1-45040 

1-45280 

1-45858 

1-46314 

:-l 


48-966  49-273  49-536 

The  magnetic  rotations  gave — 


50168 


50-668 


t. 

Sp.  rotation. 

Mol.  rotation. 

18-5° 

18-5 

18-5 

18-5 

18-5 

0  -9633 
0  -9708 
0-9738 
0  -9669 
0  -9753 

5-851 
5-896 
5-914 
5-873 
5  924 

Average  18  -5 

0-9700 

5-891 

As  in  the  case  of  all  the  saturated  closed  carbon  chain  carboxylic 
acids  which  have  so  far  been  examined,  the  magnetic  rotation  is 
very  low. 

Fentamethylenecarhoxylic  Chloride,  CsHg'COCl. 

This  was  prepared  by  heating  the  pure  monocarboxylic  acid 
(2  grams)  with  twice  its  volume  of  phosphorus  trichloride  for  about 
10  minutes,  and  after  allowing  the  mixture  to  stand  for  about  an 
hour,  decanting  the  liquid  from  the  layer  of  phosphorous  acid,  and 
submitting  it  to  fractional  distillation.  As  soon  as  the  phosphorus 
trichloride  had  passed  over,  the  thermometer  rose  rapidly  to  160°, 
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between    whicli    temperature  snd  162°  the   whole    distilled.      This 
fraction  was  analysed  by  Carius'  method. 

0-1571  gave  0-1652  AgCl.     CI  =  26-09. 

CeHgOCl  requires  CI  =  26-79  per  cent. 

This  chloride  has  a  very  similar  smell,  and  is  generally  very  similar 
in  properties  to  the  corresponding  chloride  of  tetramethylenecarb- 

PTT  — CTT 
oxylic  acid,  ^^  QH-COCl'  ^^^^^  ^°^^^  ^*  ■^^^°' 

Anilide  of  Pentamethylenecarhoxylio  acid,  CaHg-CO'NH'CfiHg. — In 
order  to  prepare  this,  the  chloride  of  pentamethylenecarboxylic 
acid  was  added  drop  by  drop  to  a  large  excess  of  pure  aniline, 
the  whole  being  stirred  with  a  glass  rod  during  the  operation.  As 
soon  as  the  vigorous  action  had  moderated,  the  mixture  was  heated 
on  a  water  bath  for  a  few  minutes,  poured  into  water,  and  dilute 
hydrochloric  acid  added  to  dissolve  the  excess  of  aniline.  The  re- 
sulting crystalline  precipitate  was  well  washed  with  water,  dried  on  a 
porous  plate,  recrystallised  sevei'al  times  from  alcohol,  and  analysed. 

0-1975  gave  13-1  c.c.  moist  nitrogen  at  17°  and  762  mm.     N  =  7-71. 
CsHg-CO-NH-CeHs  requires  N  =  7-40  per  cent. 

The  anilide  of  pentamethylenecarboxylic  acid  crystallises  from 
alcohol  in  magnificent  glistening  prisms,  resembling  sugar  in  appear- 
ance. It  melts  at  159 — 160°,  and  when  strongly  heated  distils 
apparently  without  decomposing.  It  is  readily  soluble  in  alcohol, 
benzene,  chloroform,  and  acetic  acid,  less  so  in  ether  and  light  petr- 
oleum. 

Professor  Wislicenus  was  kind  enough  to  send  us  a  small  quantity 
of  pure  pentamethylenecarboxylic  acid  prepared  from  the  ketone  of 
adipic  acid  (p.  89).  In  order  to  determine  whether  this  was  iden- 
tical with  our  acid,  we  converted  it  into  the  acid  chloride  by  treat- 
ment with  phosphorus  trichloride,  and  prepared  from  the  fractioned 
chloride  the  anilide  under  exactly  the  same  conditions  as  those  given 
above.  The  anilide,  after  two  crystallisations  from  alcohol,  melted 
at  159 — 160°,  and  gave  the  following  results  on  analysis. 

0-2200  gave  13-9  c.c.  moist  nitrogen  at  17°  and  766  mm.    N  =  7-39. 
CsHp-CO-NH-CeHs  requires  N"  =  7-40  per  cent. 

A  very  careful  comparison  of  this  product  with  the  anilide  obtained 
i-om  our  acid  proved  that  the  substances  were  identical. 
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Methtjlio  a-Monohromopeniamethylenecarboxylate, 
i|;:CH;>CBr-CO0CH. 

The  action  of  bromine  on  pentamethylenecarboxylic  acid  was 
studied  in  the  first  instance,  with  the  view  of  showinor  that,  when 
treated  in  this  way,  the  acid  behaved  as  a  saturated  acid,  foi^ming  a 
monobromo-substitution  and  not  a  dibrom- additive  product.  5  gram* 
of  pentamethylenecarboxylic  acid  (b.  p.  214 — 217'^)  was  mixed 
with  Oo  gram  of  dry  amorphous  phosphorus  in  a  flask  connected 
with  a  refinx  condenser,  and  15  grams  of  dry  bromine  added  in  small 
portions  at  a  time.  The  decomposition  took  place  at  once,  quantities  of 
hydrogen  bromide  being  evolved.  As  soon  as  the  violence  of  the 
action  had  modei^ated,  the  whole  was  heated  on  a  water  bath  for  five 
hours,  the  condenser  then  removed,  and  the  heating  continued  until 
the  excess  of  bromine  had  been  driven  off. 

The  dark-coloured  product  was  converted  into  the  methylic  salt 
and  not  into  the  acid,  as  it  was  thought  that  the  former  would  be 
more  readily  purified.  For  this  purpose,  the  oil  was  added  to  excess 
of  methylic  alcohol,  and  after  standing  for  an  hour,  the  alcoholic 
solution  was  poured  into  water.  The  oily  methylic  salt  was  now  ex- 
tracted with  ether,  and  the  ethei'eal  solution,  after  being  well  washed 
with  water  and  dilute  sodium  carbonate  solution,  was  dried  over 
anhydrous  potassium  carbonate.  On  distilling  off  the  ether,  a  dark 
brown  oil  was  left,  which,  on  being  purified  by  fractionation  uudei- 
reduced  pressure,  yielded  a  colourless  oil ;  this,  on  analysis,  gave  the 
following  results. 

0-3203  gave  AgBr  =  0-2960.     Br  =  393. 
0-2326     „     AgBr  =  0-2165.     Br  =  38-8. 

CeH^BrCOOCH  requires  Br  =  388  per  cent. 

Methylic  a-hromGpentamethylenecarhoxiilate  is  a  colourless  oil  which 
boils  at  122 — 125°  (60  mm.),  and  is  specifically  heavier  than  water. 
In  its  odour  and  general  properties  it  closely  resembles  the  coire- 
sponding  tetramethylene  derivative  (Trans.,  1892,  61,  43). 

nxx  _pfT 

^^-PentametJtenylcarhoxylic  acid,  CH2<CppT    (\.pr\r\TT' 

Tliis  interesting  unsaturated  acid  is  formed  when  methylic  mono- 
bromopentamethylenecarboxylate  is  acted  on  by  aqueous  potash,  as 
explained  in  the  introduction  (p.  90).  In  order  to  prepare  it, 
methylic  monobromopentamethylenecarboxylate  was  mixed  with 
strong  potash  solution  (sp.  gr.  1-2)  and  shaken  from  time  to  time 
until  it  had  almost  entirely  dissolved,  an  operation  which  took  about 
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two  days.  The  solution  was  then  heated  to  boiling  for  half  an  hour, 
cooled  well,  acidified,  and  extracted  five  times  with  pare  ether.  The 
ethereal  solution  was  dried  with  calcium  chloride,  and  evaporated, 
when  a  light  brown  oil  was  left,  which,  after  a  time,  solidified  almost 
■entirely.  The  crystals  were  freed  from  oily  impurity  by  spreading 
the  mass  on  a  porous  plate,  and  recrystallising  three  times  from  water 
to  which  a  little  purified  animal  charcoal  was  added.  In  this  way 
l)eautiful,  colourless  crystals  were  obtained. 

0-1352  gave  0-3144  COj  and  00870  HoO.     C  =  64-22 ;  H  =  7-25. 
CfiHsOa  requires  C  =  6428  ;  H  =  7-14  per  cent. 

The  analysis  and  general  properties  of  this  acid,  and  especially  its 
hehaviour  when  treated  with  bromine  (see  below),  leave  scarcely 
any  doubt  that  it  is  A'-pentamethenylcarboxylic  acid.  When 
heated  in  a  capillary  tube,  the  acid  softens  at  about  115°,  and  melts 
not  quite  shai-ply  at  119 — 121°.  It  is  readily  soluble  in  hot  water, 
alcohol,  ether,  and  light  petroleum,  but  only  sparingly  in  cold  water. 
It  dissolves  e.isily  in  alkalis  and  alkali  carbonates,  the  cold  solution  in 
•dilute  sodium  carbonate  decolorising  permanganate  instantaneously, 
showing  that  the  acid  is  unsaturated. 

Pentamethenylcarboxylic  acid  crystallises  from  its  solution  in 
hot  water  or  hot  light  petroleum  in  glistening  plates,  which  very 
■closely  resemble  benzoic  acid  in  appearance.  It  is  also  remarkable 
that  not  only  are  the  melting  points  of  the  two  acids  identical,  but 
also  that  pentamethenylcarboxylic  acid  sublimes  with  great  readi- 
ness even  at  100°  in  very  much  the  same  way  as  benzoic  acid. 
Pentamethenylcarboxylic .  acid  is,  without  doubt,  identical  with 
the  acid  C6Hg02,  of  which  Wislicenus  and  Gartner  (Annalen,  275, 
337)  obtained  an  almost  quantitative  yield  by  heating  hydroxy- 
pentamethylenecarboxylic  acid  with  feebly  fuming  hydriodic  acid 
and  phosphorus  at  150°  (see  p.  91). 

Dibromopentamethylenecarboxylic  acid,  CH,<'       "    i 

^  -^  -J  '        '^CHs-CBr-COOH. 

In  order  to  obtain  further  evidence  in  support  of  the  view  of  the 
■constitution  of  pentamethenylcarboxylic  acid  adopted  in  the  pre- 
ceding section,  the  action  of  bromine  on  this  acid  was  carefully  inves- 
tigated, 0-06  gram  of  the  pure  acid  was  placed  on  a  watch  glass  under 
a  bell  jar,  and  exposed  to  the  action  of  bromine  vapour  for  10  hours;  the 
■excess  of  bromine  was  then  removed  by  alloAving  the  dark  brown 
liquid  product  to  remain  over  potash  in  a  vacuum  for  24  hours.  In 
this  way  an  almost  colourless,  crystalline  mass  was  obtained,  which, 
after  recrystallisation  from  light  petroleum,  gave,  on  analysis, 
numbers  agreeing  with  the  formula  of  dibromopentamethylene- 
carboxylic  acid. 
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0-0984  gave  0-1358  AgBr.     Br  =  58-81. 

CoHgBroOo  requires  Br  =  58-82  per  cent. 

Dibromopentamethylenecarboxylic  acid  is  readily  soluble  in  ether, 
ixlcohol,  chloroform,  benzene,  and  hot  light  petroleum,  sparingly  so  in 
the  latter  solvent  in  the  cold,  and  almost  insoluble  in  water.  It  crystal- 
lises from  light  petroleum  in  colourless  leaflets,  which,  when  heated 
in  a  capillary  tube,  soften  at  127",  and  melt  at  about  134°.  A 
freshly  prepared  solution  of  the  acid  in  sodium  carbonate  does  not 
decolorise  permanganate,  but  it  does  so  after  standing  for  some  time 
owing  to  slight  decomposition.  When  boiled  with  water,  the  acid 
first  melts,  and  then  dissolves  completely,  the  solution  now  containing 
much  hjdrobroraic  acid. 

Kexamethyletiemonocarhoxylic  acid  (Tlexahydrohenzoic  acid), 

When  crude  pentamethylenedicarboxylic  acid  is  distilled,  and  the 
oily  distillate  repeatedly  fractioned,  the  principal  product  obtained 
is  pentamethylenecarboxylic  acid,  boiling  at  214 — 215°.  But  there 
is  also  a  considerable  quantity  of  a  higher  fraction,  boiling  between 
215°  and  235° ;  this,  when  submitted  to  repeated  and  careful 
fractionation,  gave  about  3  grams  of  a  colourless  oil,  which  distilled 
between  232°  and  234°.     On  analysis,  it  gave  the  following  numbers. 

0-1320  gave  0-3164  CO2  and  0-1116  H^O.     C  =  6537  ;  H  =  9-39. 
CeHu-COOH  requires  C  =  65-62;  H  =  9-38  per  cent. 

The  silver  salt  of  this  acid  was  obtained  as  a  white,  amorphous  pre- 
cipitate on  adding  silver  nitrate  to  the  neutral  solution  of  the  am- 
monium salt ;  after  washing  it  well  with  water,  and  drying  over 
sulphuric  acid  in  a  vacuum,  it  was  analysed. 

0-2010  gave  0-2613  CO2,  0-0868  H,0,  and  0-0926  Ag.     C  =  35- i5  ; 
H  =  4-79 ;  Ag  =  46-07. 
CeHu-COOAg  requires  C  =  35-74  ;  H  =  4-69  ;  Ag  =  45-95  per  cent. 

These  results  agree  closely  with  those  required  for  hexahydro- 
benzoic  acid,  and  there  is  every  i-eason  to  believe  that  the  two  are 
identical.  Aschan  (Annalen,  271,  260),  who  prepared  hexahydro- 
benzoic  acid  from  benzoic  acid,  gives  the  boiling  point  of  the  former 
as  232 — 233°,  and  the  melting  point  at  28°,  and  states  that  the  acid 
does  not  decolorise  potassium  permanganate  in  dilute  sodium  carbon- 
-ate  solution.  Our  acid  distilled  at  232 — 234°,  and  was  also  indifferent 
to  permanganate.  When  cooled  in  a  freezing  mixture,  it  solidified, 
but  gradually  liquefied  again  at  ordinary  temperatures.  This  differ- 
ence in  melting  point  is  obviously  due  to  the  presence  of  some  slight 
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impurity  ;  but,  owing  to  tlie  small  amount  of  material  at  our  disposal, 
we  were  not  able  to  remove  it. 

JEthylic  Heptane- tv2W2,'tetracarhoxylate, 

(COOaH5)2CH-[CHo]5-CH(COOC2Hs)2. 

In  fractioning  the  pi'oduct  of  the  action  of  the  crude  dibromideson 
ethylic  sodiomalonate,  a  thick  oil  was  obtained  boiling  at  180 — 285° 
(50  mm,),  and  from  this,  on  redistilling,  an  almost  colourless  fraction 
boiling  at  270 — 275°  (50  mm.)  was  isolated.  This,  on  analysis, 
gave  the  following  results. 

0-1758  gave  0-3754  CO.,  and  01291  HoO.     C  =  58-21  ;    H  =  8-lb'. 
CiaHajOg  requires  C  =  58-76 ;  H  =  8-25  per  cent. 

This  substance  is  ethylic  heptane-wjavtetracarboxylate,  formed  by 
the  action  of  pentamethylene  dibromide  on  2  mols.  of  ethylic  sodio- 
malonate, as  explained  in  the  introduction  (p.  92). 

It  is  an  almost  colourless  oil  which  appears  to  undergo  very  slight 
decomposition  when  distilled  under  the  ordinary  pressure.  When 
added  to  an  ethereal  solution  of  sodium  ethoxide,  a  yellow,  flocculent 
sodium  derivative  is  precipitated ;  this  probably  has  the  constitution 
(COOC2H5)2CN"a-[CH2]5-CNa(COOaH5)o. 

Hydrohjsis  of  JEthylic  Heptanetetracarhoxylate.     Synthesis  of  Azelaic 
acid,  COOH-[CHo];.COOH. 

This  ethereal  salt  was  readily  hydrolysed  by  boiling  with  excess  of 
alcoholic  potash,  the  action  being  complete  after  heating  for  half  an 
hoar  on  a  water  bath.  In  order  to  isolate  the  product,  water  was 
added,  the  solution  evaporated  on  a  water  bath  until  free  from 
alcohol,  acidified,  and  extracted  several  times  with  pure  ether.  The 
ethereal  solution  after  drying  over  calcium  chloride  and  evaporating, 
deposited  a  thick,  pale  yellow  oil,  probably  heptanetetracarboxylic 
acid ;  it  did  not  crystallise,  and  therefore  was  not  analysed. 

When  heated  at  200°,  this  thick,  oily  acid  readily  decomposed,  with 
evolution  of  carbon  dioxide ;  the  residual  oil,  which  became  nearly 
solid  on  standing,  was  readily  purified  by  dissolving  it  in  boiling 
water  and  decolorising  by  means  of  animal  charcoal.  Beautiful, 
coloui-less  crystals  separated  from  the  hot  concentrated  solution  as  it 
cooled ;  after  recrystallisation,  it  melted  at  105 — 107°.  Its  identity 
with  azelaic  acid  was  established  by  a  direct  comparison  with  a  sample 
of  the  latter,  prepared  by  the  oxidation  of  Chinese  wax.  The  analysis 
gave  the  following  results. 

0-1102  gave  0'2301  COj  and  0-842  H^O.     C  =  5703  ;  H  =  8-49. 
CgtlieOi  requires  C  =  5744 ;  H  =  8  51  per  cent. 
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The  silver  salt,  prepared  from  the  neutral  solution  of  the  ammonium 
salt  by  precipitating  with  silver  nitrate,  is  a  white,  amorphous 
powder,  and  gave  the  following  results  on  analysis. 

I.  0-1298  gave  0-1240  CO2,  0-0434  H^O,  and  0  0686  Ag.     C  = 

26-06 ;  H  =  3-75 ;  Ag  =  53-60. 
II.  0-2296  gave  0-2232  CO2,  0-0740  H^O,   and  0-1230  Ag.     C  = 
26-53;  H  =  358;  Ag  =  5357. 
CgHiAAga  requires  C  =  26-86;  H  =  348;  Ag  =  53-73  per  cent. 

Action  of  Bromine  on  the  Disodium  Derivative  of  Ethulic  Hejotanetetra- 

carboxylate. 

The  action  of  bromine  on  the  disodium  derivative  of  ethylic  iso- 
octanetetracarboxylate, 

(COOC2H5)2CN-a-CH(CH3)-[CH2]4-CN'a(COOC2H5)2, 

was  studied  by  Freer  and  Perkin  (Trans.,  1888,  53,  220),  with  the 
object  of  preparing  a  heptamethylene  derivative,  but  no  such  sub- 
stance could  be  isolated ;  a  similar  want  of  success  has  attended  our 
experiments  on  the  action  of  bromine  on  the  disodium  derivative  of 
ethylic  heptanetetracarboxylate. 

In  carrying  out  this  experiment,  ethylic  heptanetetracarboxylate 
(1  mol.)  was  mixed  with  an  ethereal  solution  of  sodium  ethylate 
(2  mols.),  and  the  calculated  quantity  of  bromine  (1  mol.)  was 
gradually  added,  the  whole  being  well  agitated  and  cooled  during 
the  addition.  The  whole  of  the  bromine  disappeared,  and  the  action 
was  then  evidently  not  at  an  end,  as  on  adding  iodine  a  considerable 
quantity  of  this  was  also  absorbed  ;  in  fact,  the  action  evidently  pro- 
ceeds in  a  very  different  way  from  that  which  takes  place  when  the 
disodium  derivatives  of  ethylic  butane-  and  pentane-tetracarboxylate 
are  acted  on  by  bromine. 

On  hydrolysis,  the  product  gave  an  oily  acid,  and  this,  when  heated 
at  200°,  yielded  an  oil  from  which  a  small  quantity  of  a  crystalline 
substance  was  obtained  melting  at  106°,  and  having  all  the  properties 
of  azelaic  acid.     The  oily  products  were  not  further  investigated. 

Chemical  Laboratories  of  the 
Owens  College,  Manchester. 
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XIY. — The  Oxides  of  the  Elements  and  the  Periodic 

Law. 
By  R.  M.  Deeley,  F.G.S. 

Last  session  I  had  the  honour  to  communicate  to  fhe  Chemical 
Society  a  paper  describing'  "  A  New  Diagram  and  Periodic  Table  of 
the  Elements"  (Trans.,  1893,  63,  852).  Since  this  was  written, 
my  attention  has  been  called  to  a  very  interesting  paper,  by  Professor 
K.  W.  Zenger,  of  Prague,  published  in  the  Sitzungsherichte  honig. 
Bohm.  Ges.  Wissenschaft.  (1881,  p.  408).  In  this  communication 
the  author  points  out  that  the  products  obtained  by  multiplying 
the  specific  heats  by  the  densities  of  the  elements  have  values 
which  are  very  similai*  for  many  elements  having  analogous  pro- 
perties. To  show  this,  he  arranges  the  elements  in  11  groups,  the 
first  group  containing  bromine  and  iodine,  and  the  eleventh  manganese, 
iron,  cobalt,  and  nickel.  Of  course  the  result  is  only  partially  satis- 
factory, for  we  now  know  that  elements  belonging  to  the  same  classes 
have  volume  heats  which,  on  the  whole,  decrease  with  increasing 
atomic  weight,  and  that  even  series  elements  must  be  separated  from 
odd  series  elements,  although  their  volume  heats  may  be  nearly  iden- 
tical. 

I  now  purpose  laying  before  the  Society  the  outcome  of  some 
further  work  undertaken  with  a  view  to  ascertain  to  what  extent  a 
consideration  of  the  oxides  supports  or  modifies  previous  conclusions; 
for  although  in  my  previous  paper  some  reliance  was  placed  on  the 
oxide-forming  power  of  the  elements,  the  diagrams  were  almost 
wholly  based  upon  other  periodic  phenomena.  Of  course  it  is  im- 
probable that  any  one  periodic  table  can  express  the  whole  truth,  for 
elements  closely  resembling  each  other  in  some  respects  may  differ 
widely  in  others.  Still  there  does  seem  to  be  a  fundamental  periodic 
basis,  in  accordance  with  which  the  elements  may  be  classified,  but 
several  other  derived  forms  may  be  drawn  to  illustrate  the  periodicity 
of  the  several  physical  or  chemical  properties. 

In  my  previous  paper,  certain  values  volume  heats  and  volume 
atoms)  were  plotted  as  ordinates  upon  a  diagram,  the  abscissas  of 
which  were  atomic  weights.  So  regular  were  the  curves  and  lines 
obtained  by  joining  the  summits  of  the  ordinates,  that  it  was 
possible  to  make  use  of  the  diagram  for  the  purpose  of  separating 
the  elements  into  classes  and  series,  and,  therefore,  for  constructing  a 
periodic  table  based  upon  direct  numerical  values. 

Lothar  Meyer  {Modern  Theories  of  Chemistry,  English  Translation, 
§  63)  very  clearly  pointed  out  how  such  a  diagram  may  be  inter- 
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preted.  He  found  that,  as  a  general  rule,  elements  having  similar 
properties  occupied  similar  positions  on  the  several  curves,  and  also 
that  each  wave  of  the  diagram  constituted  a  complete  period.  So 
useful  has  this  method  of  interpreting  the  atomic  diagram  proved  to 
be,  that  we  niaj,  I  think,  regard  with  some  confidence  the  periodic 
valuations  of  the  ordinates  with  increasing  atomic  weight  as  valuable 
and  trustworthy  aids  in  investigations  relating  to  the  Periodic  Law. 
Unfortunately  our  knowledge  of  the  relative  densities  and  specific 
heats  of  the  elements,  and  even  of  their  compounds,  is  by  no  means 
complete.  In  the  case  of  many  elements,  no  determinations  have  been 
made,  whilst  other  elements  are  known  to  exist  in  more  than  one 
physical  condition,  and  to  have  two  or  more  specific  heats  or  densities. 
The  fact  that  there  is  sometimes  more  than  one  value  for  the  same 
element  does  not,  however,  seriously  interfere  with  the  symmetry  of 
the  volume  heat  diagram. 

The  diagram  Lothar  Meyer  had  previously  drawn  had  atomic 
volumes  plotted  upon  it.  He  also  interpreted  the  curves  obtained  in 
accordance  with  the  periodic  table  drawn  up  by  Mendeleeif .  Being, 
however,  led  by  the  volume  heat  diagram  to  somewhat  modify  this 
table,  especially  as  regards  the  grouping  of  the  elements  of  low 
atomic  weight,  1  have  attempted  to  further  elucidate  the  matter  by 
plotting  upon  diagrams  some  other  values  calculated  from  the  relative 
densities  of  the  oxides  and  the  atomic  weights  of  the  elements. 

Although  Brauner  and  Watts  (Ber.,  14,  48)  have  already  proved 
that  the  molecular  volumes  of  the  oxides  do  show  periodic  varia- 
tions, there  do  not  appear  to  be  any  methods  other  than  such  as  may 
he  regarded  as  purely  empirical,  of  diagrammatically  illustrating  the 
periodicity  of  the  oxide-forming  power  of  the  elements  and  the 
periodic  changes  which  the  relative  densities  of  the  oxides  undergo. 
One  such  method  I  have  followed  in  constructing  Diagrams  1.  2,  and  3, 
(p.  115)  which  show  some  interesting  results. 

ri    .1,        J-  ,1         J-      >  Relative  densities  of  oxides 

On  these  diagrams  the  ordinates  = ; ^- — — . 

Atomic  weights  of  elements 

If  the  combination  of  the  elements  with  oxygen  produced  com- 
pounds haviug  densities  which  were  the  mean  of  their  constituent 
atoms,  ordinates  calculated  in  this  manner,  and  plotted  upon  a 
diagram,  would  give  results  similar  to  those  of  a  volume  atoms 
diagram.  But  the  densities  of  the  oxides  do  not  follow  such  a  law, 
and  it  is  on  this  account  that  the  ordinates  calculated  in  the  above 
manner  are  interesting.  Still,  there  is  frequently  a  close  agreement 
between  the  periodic  variations  in  the  densities  of  the  elements  and 
of  their  most  stable  oxides. 

In  my  previous  paper,  (^loc.  cit.,  p.  864)  the  elements  were  arranged 
in  duplicate  in  one  table,  the  odd  and  even  series,  1,  2,  3,  &c.,  gi\ing 
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what  may  be  called  the  fiindainental  basis  of  the  Periodic  Law,  and 
the  duplicates  la,  2a,  3a,  &c.,  actual  or  possible  departures  from  it. 
The  fundamental  basis  is  shown  in  Table  I  (p.  Ill),  and  a  special 
form  in  Table  II  (p.  112). 

In  the  third  series,  there  are  ten  substances,  all  of  which  are 
regarded  as  elements.  If  there  are  really  10  elements  in  this  series, 
there  should  also  be  10  in  tlie  first,  fifth,  &c. ;  but  rather  than  adopt 
this  view,  I  would  suggest  that  either  one  of  the  substances  in  Series  3 
is  not  an  element,  or  if  it  be  an  element,  its  atomic  weight  is  not 
correctly  given.  Although  Ni  and  Co  have  been  placed  in  the  same 
group,  it  is  quite  possible  that  they  are  both  true  elements.  Omitting 
the  "typical  element"  fluorine,  Mendeleeff,  in  his  table,  makes  man- 
ganese the  only  member  of  the  left-hand  column  of  his  seventh  group, 
spaces  being  left  for  the  undiscovered  elements  required  to  complete 
the  table  as  far  as  this  group  is  concerned.  It  would,  therefore,  per- 
haps, be  better  to  regard  either  manganese  or  iron  as  the  redundant 
element. 

Diagrams  1,  2,  and  3,  although  they  do  not  furnish  any  evidence 
bearing  on  this  particular  point,  show  much  the  same  general  features 
as  does  the  volume  heat  diagram,  and  in  some  respects  confirm,  or 
rather  give  additional  support  to,  the  fundamental  periodic  basis 
shown  in  Table  I.  The  vertical  scale  of  Diagram  1  has  been  made 
smaller  than  that  of  the  other  two  diagrams,  so  as  to  admit  of 
the  ordinate  of  hydrogen  being  plotted  upon  it.  Although  I  have 
drawn  in  curves  and  lines  to  render  clear  the  general  nature  of  the 
variation  in  the  magfuitude  of  the  ordinates  with  increasing^  atomic 
weight,  it  must  not  be  supposed  that  the  variations  from  these 
carves  or  lines  are  necessarily  due  to  incorrect  determinations  of 
the  densities,  &c.  Indeed  there  seems  to  be  evidence  that  the  lines 
and  curves  should  have  been  drawn  in  duplicate,  one  set  cutting  the 
ordinates  of  the  perissads,  and  the  other  those  of  the  artiads.  For 
instance,  the  perissads  boron,  nitrogen,  aluminium,  and  phosphorus 
all  stand  above  the  curves,  whilst  the  artiads  carbon,  silicon,  and 
sulphur  fall  below. 

In  Table  III  (p.  113)  are  given,  A,  the  elements;  B,  the  atomic 
weights  of  the  elements ;  C,  the  densities  of  the  elements  ;  D,  the 
oxides ;  E,  the  densities  of  the  oxides ;  F,  the  volume  atoms  of  the 
elements  ;  and  G,  the  la,5t  column,  E  -f-  B. 

Diagram  1  has  plotted  upon  it  the  values  in  column  G  correspond- 
ing to  those  elements  having  atomic  weights  less  than  that  of  potas- 
sium. The  ordinate  plotted  for  hydrogen  is  calculated  from  the 
density  of  ice,  whilst  for  lithium  it  is  calculated  from  the  density  of 
LisO,  and  so  on.  As  on  the  volume  heat  diagram,  the  ordinate  for 
lithium  is  shorter  than  that  of  hydrogen.     The  small  numerals  on  the 
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diagrams  give  the  valencies  of  the  oxides  plotted.  As  a  general  rule, 
these  are  the  oxides  of  which  the  relative  densities  are  well  known. 
Many  non-consecutive  oxides,  the  relative  densities  of  which  are 
known,  have  been  omitted. 

In  Table  I  (p.  Ill),  showing  the  probable  fundamentaLperiodic  basis, 
a  space  occurs  for  an  element  having  an  atomic  weight  greater  than 
that  of  hydrogen,  and  less  than  that  of  lithium.  Also,  owing  to  the 
low  density  of  amorphous  carbon,  and  the  anomalous  properties  of 
the  "  typical  elements,"  it  was  suggested  in  my  previous  paper  that  the 
volume  heats  of  the  elements  of  the  first  series,  for  some  reason  or 
other,  did  not  occupy  positions  on  a  line  such  as  that  of  Sex-ies  3. 
Sodium  and  magnesium  were  also  regarded  as  having  departed 
from  their  positions  on  the  curve  of  Series  2.  These  views 
receive  additional  support  from  the  diagram  of  the  oxides,  for,  omit- 
ting hydrogen,  the  ordinates  plotted  on  Diagram  1  fall  on  two  short 
lines  and  two  curves,  the  lines  and  curves  following  each  other  alter- 
nately. On  the  first  line,  we  have  Li^O  and  BeO,  and  on  the  second 
line,  NaaO  and  MgO.  On  the  first  curve  fall  BejOs,  CO2,  and  ISTaOs ; 
whilst  on  tbe  second  curve  there  are  AI2O3,  SiOa,  P2O5,  and  SO3. 
The  series  from  lithium  to  fluorine  is,  therefore,  exactly  similar  to 
that  from  sodium  to  chlorine,  and  they  should  be  placed  in  the 
same  order  on  the  derived  Table  II,  although  the  fundamental  order 
is  as  shown  on  Table  I.  However,  on  the  derived  Table  II,  which 
has  been  reproduced  from  my  previous  paper,  the  typical  elements 
have  not  been  tabulated  exactly  in  this  manner,  the  properties  of  the 
pure  elements  seeming  to  demand  a  rather  different  arrangement. 
To  agree  with  the  diagram  of  oxides,  the  following  arrangement 
(p.  110)  would  be  better.     Here  Li  and  Be  are  in  Series  1'. 

I  may  here  call  attention  to  the  fact  that  the  space  measured  on 
the  atomic  scale  between  hydrogen  and  potassium  is  shorter  than 
that  between  potassium  and  rubidium,  and  also  than  that  between 
rubidium  and  csesium.  No  doubt  this  is  in  some  way  connected  with 
the  anomalous  group  properties  of  the  "  typical  elements."  Indeed 
it  might  be  urged  that  on  this  account  the  elements  of  the  first  and 
second  series  should  not  be  classed  at  all  with  those  of  the  third, 
fourth,  fifth,  and  sixth.  At  present  our  periodic  arrangement  should 
not  be  regarded  as  more  than  tentative  ;  but  the  accumulation  of 
more  data  will  doubtless  eventually  enable  the  true  significance  of 
what  has  already  been  called  the  Periodic  Law  to  be  realised. 

Turning  now  to  Diagram  2,  on  which  are  plotted  the  ordinates  for 
the  oxides  of  the  elements  between  chlorine  and  rubidium,  we  have, 
on  the  first  line,  K2O,  CaO,  SC2O3,  and  TiOj.  But  here  a  change 
takes  place  in  the  value  of  the  ordinates,  for  VjOj  and  CrOs  have 
considerably  shorter  ordinates  than  those  of  the  four  preceding  oxides. 

I  2 
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Table  III. 


Elements. 


Hydrogen . . , 
Lithium  .... 
Beryllium . . . 

Boron 

Carbon  

Nitrogen .... 
Sodium  .., . . 
Magnesium. . 
Aluminium. . 
Silicon 

jj     

Phosphorus. . 
Sulphur  .... 
Potassium. . . 

Calcium 

Scandium  . . . 
Titanium. . . . 
jj  •  •  .  . 
Vanadium  . . 
Chromium  . . 
Manganese  . . 

Iron 

Cobalt 

Nickel ...... 

)»      • 

Coijper 

Zin^... '.*!... 

Germanium  . 

Arsenic 

))  •  •  •  .  . 
Selenium. .  . . 
Strontium . . . 
Yttrium  .... 
Zirconium. . . 
Niobium  .... 
Molybdenum 
Ruthenium. . 
Silver 

Cadmium  . . . 

Indium 

Tin 

Antimony  . . . 

Tellurium.  . . 
Iodine 


Atomic 
weights. 


1 
7 
9 
II 
12 
14 
23 
24 
27 
28 

31 
32 
39 
40 
44 
48 

51 
52 
55 
56 

58 

58 

63 

65 

72' 
75 

79' 
87 
89 
90 
94 
95 
101 
107 

112' 
113 
119 
120 

125 

126 


Densities. 


62 
59 
85 
68 
7 

985 
743 
583 
48 

22 
07 
865 
57 


95 

15 

47 
7 

2 
54 

15 

06 

6 

26 

57 

65 

42 

9 

7 

23 
95 


D. 


Oxides. 


H2O 

Li,0 

BeO 

B.P3 

CO2 

N2O5 

Na.,0 

MgO 

AI2O3 

SiO^ 

SO3 

K,0 

CaO 

SC2O3 

TiOs 

v'jos 

CrOg 
MugO., 

CoO 

C02O3 

JSiO 

Ni203 

CU2O 

ZnO 

Ge02 
AsjOj 

SeO, 
SrO' 
Y0O3 
ZrOj 

Nb205 

M0O3 
RuO., 


CdO 

L.2O3 

SnO. 

sb,o; 

TeOj 
lA 


E. 

Densities. 

0-917 

2-102 

3-086 

1-79 

1-457 

1-64 

2-805 

3-64 

3-94 

2-65 

2-22 

2-38 

1-936 

2-656 

3-25 

3-8 

4-25 

4-56 

3-35 

2-8 

4-75 

5-3 

5-6 

4-8 

5-6 

4-8 

6-13 

5-75 

5-5 

5-73 

4-7 

3-7 

4-2 

3-954 

4-51 

5  03 

5-85 

4-46 

3-92 

7-4 

7-52 

8-2 

8-11 

7-18 

6-7 

3  78 

6-52 

5  1 

4-25 

5-02 

F. 

Volume 

atoms  of 

elements. 

0  -6149 

0  -0806 

0  -2029 

0  -2429 

0  -1416 

0  -0419 

0  -0716 

0  -0955 

0  -0875 

0  -0714 

0  -0645 

0  -0221 

0  -0390 

0  -1141 

0-J168 

0  -1342 

0  -14-24 

0-1515 

0  -1534 

0  -1367 

0  -1094 

0  -0755 

0  -0624 

0  0531 

0-029 

0  -0461 

0-0751 

0  -0897 

0-1217 

0-0987 

0-0771 

0  -0651 

0-0611 

0  -0556 

0  -0497 

0  -0393 

G. 


E/B. 


-9170 
•2994 
•3392 
-1627 
-1214 
•1168 
-1217 
•1498 
-1458 
-0935 
•0783 
•0767 
■0603 
•0678 
•0810 
•0h61 
•0883 
•0947 
•0651 
•0535 
•0863 
•0946 
•0954 
•0817 
•0955 
•0819 
•0966 
•0906 
•0842 
•0877 
•0650 
•0492 
•0559 
•0500 
•0515 
•0565 
•0650 
•0474 
•0409 
•0728 
•0696 
•0759 
•0723 
•0631 
-0562 
•0314 
•0541 
•0408 
•0335 
•0395 
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Table  III — continued. 


A. 

B. 

C. 

D. 

E. 

F. 

Volume 
atoms  of 
elements. 

a. 

Elements. 

Atomic 
weights. 

Densities. 

Oxides. 

Densities 

E/B. 

Barium 

Lanthanum. .  . . 

„          .... 

Cerium 

»       

Tantalum 

Tungsten 

Mercury  , .  .... 
Lead 

137-0 

138-6 

140-3 

182  -5 

184  0 
200-2 
206  -93 
208-1 
232-4 

240  -0 

4-0 

6"-163 

6-68 

lo'Vs 

19'-'2 
14-19 
11-35 
9-76 
11-1 

» 
18-7 

BaO 

)) 
LaoOj 

)) 
CeO, 

TaPs 

WO3 
HgO 
PbOa 
BijOs 
ThOj 

UO3 

4-0 

5-72 

5-94 

6-53 

6-0 

6-93 

7-35 

8-01 

7  32 

11-34 
8-89 
8-08 
9-86 

10-2 
5-26 

0  -0291 

0  -0445 

0  -0476 

0  -0574 

0  -1042 
0 -0709 
0  -0542 
0  -0469 
0  -0476 

0  -0779 

0  0291 
0  -0417 
0  -0428 
0-047L 
0  -0427 
0  -0493 
0-0403 
0  -043S 
0  -0397 
0  -0566 
0  -0429 

Bismuth 

Thorium 

Uranium 

0  -0388 
0  -0424 
0-0438 
0  -0219 

On  Diagram  3,  this  is  repeated,  foi'  we  have  (Rb  ?),  SrO,  YjOs,  and 
ZrOs  on  a  line,  and  then  a  decrease  in  the  values  of  the  ordinates  of 
NbaOs  and  MoOa.  Tantalum  and  tungsten  also  show  a  similar  change. 
In  all  three  series  the  change  first  shows  itself  in  elements  of  the 
fifth  class  of  Table  I. 

Owing  to  the  high  density  ascribed  to  tungsten,  the  volume  heat 
and  volume  atom  of  that  element  did  not  agree,  on  the  volume  heat 
diasrram,  with  those  of  osmium  and  tantalum.  From  Table  III,  it 
will  be  seen  that  the  density  of  the  oxide  is  not  abnormal. 

Where,  on  the  diagrams,  the  ordinates  are  denoted  by  circles,  the 
ordinates  are  not  consecutive  ones,  and  where  halfmoons  are  given, 
the  values  have  not  been  determined. 

By  placing  another  element  to  fill  in  the  gap  between  hydrogen 
and  lithium,  boron  becomes  the  fifth  element  of  the  first  series ; 
indeed  it  becomes  the  analogue  of  vanadium,  niobium,  and  tantalum. 
The  same  decrease  in  the  value  of  the  ordinate  then  occurs  in  all  four 
cases  (with  consecutive  oxides)  to  the  fifth  element  of  the  odd  series, 
and  although  the  chemical  properties,  and  therefore  the  class  oxides, 
of  the  elements  of  the  first  series  are  not  in  agreement  with  those  of 
the  third,  fifth,  and  ninth,  the  fact  that  this  change  of  density  is 
common  to  all  the  scries  appears  to  give  considerable  support  to  the 
fundamental  periodic  basis  indicated  in  Table  I. 

Of  course  this  classification  somewhat  alters  the  basis  upon  which 
MendeleefE  predicted  some    new  elements,   for   he    makes  scandium 
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elcaboron,  because  it  forms  an  oxide,  Sc203,  and  because  it  occurs  in 
the  same  group  as  boron  in  his  table.  Fundamentally  scandium  is 
probably  ekalithiura,  and  vanadium  probably  ekaboron.  Similarly 
copper  is  ekasodium,  and  zinc  is  ekamagnesium. 

In  column  F,  Table  III,  I  have  given  the  volume  atoms,  so  that  they 
may  be  compared  with  the  values  in  Column  G.  In  the  even  series, 
there  is,  on  the  whole,  a  fairly  concurrent  change  in  the  two  values. 
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ekaboron,  because  it  forms  an  oxide,  SC2O3,  and  because  it  occurs  in 
the  same  group  as  boron  in  his  table.  Fundamentally  scandium  is 
probably  ekalithium,  and  vanadium  probably  ekaboron.  Similarly 
copper  is  ekasodium,  and  zinc  is  ekamagnesium. 

In  column  F,  Table  I J  I,  I  have  given  the  volume  atoms,  so  that  they 
may  be  compared  with  tbe  values  in  Column  G.     In  the  even  series 
there  is,  on  the  w^hole,  a  fairly  concurrent  change  in  the  two  values. 


XV. — On    the    Analytical   Determination   of   prohahly 
available  "  Mineral  "  Plant  Food  in  Soils. 

{Illustrated  by  Examination   of  the  Permanent  Barley  Soil  of  Hoos 
Field,  Bothamsted.) 

By  Bernard  Dyer,  D.Sc. 

The  chemical  analysis  of  soils,  which  in  the  early  days  of  agricul- 
tural chemistry  was  looked  upon  as  likely  to  be  of  very  great  prac- 
tical use  in  agriculture,  was  soon  found  to  be,  as  oi-dinarily  practised, 
of  very  limited  value.  Determinations  in  the  soil  of  the  total 
quantities  of  the  more  important  mineral  elements  of  plant  food 
have  been  long  recognised  as  affording  useful  information  only  in 
exceptional  cases  :  and  even  in  these  exceptional  cases  the  results 
obtained  have  rather  afforded  "  probable  indications  "  than  absolute 
information.  Thus  the  fact  that  a  soil  contains  much  less  phosphoric 
acid  than  is  contained  in  average  soils  is  a  "  probable  indication  " 
that  it  is  in  need  of  phosphatic  manure ;  and  the  fact  that  another 
soil  is  much  poorer  in  potash  than  average  soils  is  regarded  as  a 
"  probable  indication "  that  it  needs  potassic  manure ;  and  in  ex- 
treme cases  these  indications,  read  by  experienced  interpreters,  may 
assume  a  degree  of  probability  so  great  as  to  become  all  but  certain. 
On  the  other  hand,  there  are  soils  in  which  the  proportions  of  total 
phosphoric  acid  or  of  potash  are  so  large  as  to  leave  an  experienced 
agricultural  chemist  no  difficulty  in  forming  an  opinion  that  special 
applications  to  them  of  phosphates  or  of  potash  would  be  superfluoas. 
But  in  the  great  majority  of  cases  a  soil  analysis,  as  usually  carried 
out,  leaves  us  really  in  the  dark,  except  as  to  such  broad  (and  ad- 
mittedly valuable)  general  facts  as  richness  or  poverty  in  lime,  pre- 
ponderance of  sand  or  clay,  or  peat,  &c. 

The  reason,  as  has  often  been  pointed  out,  is  that  an  analysis  of 
soil,  as  ordinarily  made,  shows  the  total  percentage  of  its  constituents, 

VOL.  LXV.  K 


116  DYER:   AVAILABLE    "MINERAL" 

or,  at  any  rate,  the  percentage  dissolved  by  strong  mineral  acids, 
without  reference  to  the  fact  that  only  a  very  small  proportion  of  this 
total  may  be  available  for  plant  use. 

For  example,  it  is  very  usual  to  find  about  O'lS  per  cent,  of  phos- 
phoric acid  in  an  ordinary  average  English  agricultural  soil.  An 
average  loamy  soil,  9  inches  deep,  in  its  dry  state,  may,  roughly, 
be  said  to  weigh  1200  to  1500  tons  per  aci'e.  Such  a  soil,  contain- 
ing 0"15  per  cent,  of  phosphoric  acid,  would  accordingly  contain 
somewhere  about  2  tons  of  phosphoric  acid  to  the  acre,  disregarding 
the  subsoil  altogether.  Such  a  soil  contains  as  much  phosphoric  acid 
per  acre  as  would  be  contained  in  about  17  tons  of  superphosphate,  or 
in  nearly  10  tons  of  bone-dust :  and  yet  on  such  a  soil  the  addition  of 
a  mere  few  hundredweights  of  phosphatic  manure  niay  make  the 
difference  between  a  full  crop  of  turnips  and  a  bad  one !  And  similar 
statements  would  apply  to  other  constituents  of  the  soil. 

The  obvious  and  thoroughly  well  recognised  explanation  of  such 
anomalies  is  that  ib  is  not  the  total  proportion  of  phosphoric  acid,  or 
of  potash,  or  of  nitrogen,  that  rules  a  soil's  fertility,  but  the  propor- 
tion of  each  of  them  that  is  present  in  an  immediately  available  con- 
dition. It  is  true  that  the  presence  of  a  large  total  of  any  constituent 
renders  it,  under  many  circumstances,  probable  that  there  is  present 
a  larger  available  quantity  than  is  likely  to  exist  where  the  total  is 
small ;  but  this  merely  brings  us  to  the  "  probable  indications  "  which 
have  been  referred  to  as  generally  all  that  are  afforded  by  the 
ordinary  soil  analysis. 

By  far  the  greater  part  of  the  work  done  of  late  years  in  soil 
chemistry  has  had  reference  more  especially  to  nitrogen,  and  quite 
an  army  of  brilliant  workers,  at  home  and  abroad,  have  engaged 
themselves  on  this  branch  of  the  subject. 

Much  less  general  attention  has,  however,  been  given  to  the  mineral 
chemistry  of  the  soil,  no  doubt  for  the  reason  that,  both  scientifically 
and  economically,  it  is  less  interesting,  and  that  its  unsolved  problems 
have  lacked  the  magnitude  of  those  which  till  lately  were  involved, 
and  indeed  may  still  be  said  to  be  involved,  in  the  chemistry  of 
nitrogen  assimilation. 

The  desirability,  however,  of  adopting,  if  possible,  some  mode  of 
analysis  that  should  distinguish  between  total  mineral  constituents 
and  those  small  portions  of  them  probably  available  as  plant  food 
has  not  only  been  recognised,  but  has  formed  the  subject  of  many 
suggestions  and  of  some  investigation.  Closely  allied  to  this  ques- 
tion is  that  of  the  *'  available "  as  distinguished  from  "  total " 
ingredients  in  manures,  and  among  those  who  have  specially  worked 
in  the  laboratory  on  one  or  both  of  these  allied  subjects  from  one 
point    of  view   cr  another  will  be  found   the   names  of   Berthelot, 
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Deherain,  Dugast,  Eggertz,  Fleisclier,  Fresenius,  Grape,  Gladding, 
Hilgard,  Joulie,  Lechartier,  H.  von  Liebig,  Lloyd,  Luck,  Maercker, 
Mallet,  Neubauer,  Nilson,  OUech,  Petermann,  Karl  Schmidt,  Stutzer, 
Thomson,  Tollens,  Voelcker,  Vogel,  P.  Wagner,  R.  Wagner,  Way, 
Wiklund,  &c. ;  whilst  a  vast  storehouse  of  data  of  information  for 
future  use  has  been  accumulated,  and  is  being  yearly  accumulated  ,  in 
the  field  experiments  of  Lawes  and  Gilbert,  at  Rothamsted,  followed 
up  by  those  of  late  years  carried  on  at  Woburn  by  A.  Voelcker  and 
J.  A.  Voelcker. 

Most  of  the  memoirs  touching  these  subjects^  published  by  the 
various  authors  have,  however,  had  to  do  rather  with  manures  than 
directly  with  soils,  and  for  the  moment  it  is  proposed  to  select  for  con- 
sideration such  work  as  has  borne  more  directly  on  the  question 
of  soil  analysis,  so  far  as  concerns  phosphoric  acid  and  potash. 

The  memoirs  coming  strictly  under  this  head  to  be  found  in  modem 
chemical  literature  are  comparatively  few. 

The  earliest  paper  of  any  importance  that  the  author  has  been 
able  to  find  is  that  of  H.  v.  Liebig  {Zeitschrift  d.  Landioirth.  Vereines, 
1872),  who  worked  on  soils  obtained  from  the  permanent  wheat  field 
at  Rothamsted.  The  attention  of  the  present  author  was  directed  to 
Liebig's  investigation  by  Dr.  (now  Sir  J.  Henry)  Gilbert,  when  some 
three  or  four  years  ago  he  discussed  with  him  the  lines  on  which  it 
was  proposed  to  pursue  the  investigation  which  forms  the  principal 
subject  of  the  present  paper.  In  the  light  of  the  results  of  the  ex- 
periments since  made  with  soils  from  other  Rothamsted  plots,  plots 
not  only  more  numerous,  but  experimentally  nearly  twenty  years 
older,  than  those  worked  on  by  Liebig  in  1872,  it  appears  to  be 
desirable  to  quote  here  some  of  Liebig's  figures. 

The  specimens  of  soil  used  by  Liebig  were  from  Broadbalk  Wheat- 
field,  Rothamsted,  and  represented  the  1st  and  2ad  depths  of 
9  inches  each. 

No.  3  soil  had  been  continuously  unmanured  for  nearly  thirty  years . 
Liebig  determined  in  it  several  of  the  mineral  constituents  soluble  in 
"dilute  hydrochloric  acid"  and  in  "dilute  acetic  acid."  As  the 
present  paper  is  concerned  only  with  potash  and  phosphoric  acid,  it 
is  unnecessary  to  quote  Liebig's  determinations  of  lime,  magnesia, 
soda,  <fcc. 

The  other  soils  were  10  A,  which  for  nearly  30  years  had  received 
an  annual  dressing  of  400  lbs.  ammonia  salts,  without  mineral 
manure  ;  5  A,  which  for  a  like  time  had  received  a  complete  annual 
dressing  of  mineral  manures,  without  nitrogen ;  7  A,  which  had  re- 
ceived annually  both  400  lbs.  ammonia  salts  and  a  complete  mineral 
manure;  and  2,  which  had  received  an  annual  dressing  of  14  tons 
of  farm-yard  manure. 

K  2 
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The  following  are  his  results  : — 


Potash  soluble 

in  "  dilute 

hydrochloric 

acid." 

Potash 

soluble  in 

"  dilute 

acetic  acid." 

Phosphoric 
acid  soluble 
in  "dilute 
nitric  acid." 

No.  3.     Continuously  unmanured. 
1st  9  inches 

0-085 
Not  determined 

0-015 
0-018 

0  013 

0-019 

0-038 
0-022 

0-039 
0-018 

0  -041 
0-026 

0-075 

2nd  9  inches 

0-047 

No.  10  A.     Ammonia  salts  only. 

Ist  9  inches 

0-076 

2nd  9  inches 

0-047 

No.    5    A.      Mixed   mineral  manure 
without  nitrogen. 

Ist  9  inches • 

0-108 

2nd  9  inches. 

0  -058 

No.  7  A.     Mixed  minerals  and  am- 
monia salts. 

1st  9  inches i . . . . 

0-126 

2nd  9  inches 

0-061 

No.  2.     Farm-yard  manure. 

0-093 

2nd  9  inches 

0-065 

These  results  afford  indications  that  the  investigation  might  have 
presented  considerable  interest  had  it  been  at  the  time  systematically 
worked  out.  As  it  stands,  however,  its  interest  is  greatly  diminished 
owing  to  the  facts  that  no  information  is  given  about  the  degree  of 
dilution  of  any  of  the  acids  used ;  and  that  only  in  one  case  is  any 
comparison  afforded  between  the  action  of  the  two  acids — of  unknown 
dilution — used  to  extract  the  potash. 

:  In  1880,  Professor  Karl  Schmidt,  of  Dorpat,  published  a  series  of 
analyses  of  eight  Russian  soils,  determining  the  total  potash  and 
phosphoric  acid  and  also  the  percentages  of  these  constituents  soluble 
in  hot  10  per  cent,  hydrochloric  acid,  cold  5  per  cent,  hydrochloric 
acid,  and  cold  1  per  cent,  hydrochloric  acid.  The  following  average 
results  of  his  determinations  on  three  soils  will  illustrate  his  general 
results : — 


Total. 

Soluble 

in  hot  10  per 

cent.  HCl. 

Soluble 

in  cold  5  per 

cent.  HCl. 

Soluble 

in  cold  1  per 

cent.  HCl. 

1  -970 
0-171 

0-562 

0-090 
0-051 

0-084 

Phosjjhoric  acid 

0-049 
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In  1881,  P.  P.  Deherain  observes  (Afin.  Agron.,  6,  392 — 393)  that  in 
the  neighbourliood  of  Grignon  phosphatic  manures  are  found  of  no 
use.  The  soil,  he  says,  does  not  contain  more  than  an  average 
quantity  of  phosphoric  acid,  bub  from  one  half  to  one  quarter  of  the 
total  phosphoric  acid  present  is  soluble  in  acetic  acid.  He  thinks  it 
may  be  true  generally  that  soils  which  contain  phosphoric  acid 
removable  by  acetic  acid  will  not  be  benefited  by  phosphatic  manures. 

Leaving  chronological  order  for  the  moment,  it  is  interesting  to 
record  that  Deherain  has  recently  published — eleven  years  after  the 
observations  just  cited — a  further  paper  on  this  subject  (Ann. 
Agron.,  17,  445 — 454).  In  plots,  at  Grignon,  unmanured  since 
1875,  he  still  finds  0*1  per  cent,  of  phosphoric  acid ;  yet  on  such 
plots  a  moderate  dressing  of  phosphatic  manure  now  suflBces  to  nearly 
treble  the  yield  of  wheat,  showing,  in  accordance  with  general  ob- 
servation and  experience,  that  a  soil  fairly  rich  in  its  total  mineral 
contents  may  nevertheless  be  exceedingly  poor  in  assimilable  mineral 
food.  Pursuing  the  suggestion  given  in  his  earlier  paper,  viz.,  to 
use  acetic  acid  as  a  means  of  diagnosing  between  assimilable  and  non- 
assimilable phosphates,  he  finds  that,  while  the  plots  manured  with 
phosphatic  manures  yield  appreciable  quantities  of  phosphoric  acid  to 
the  action  of  acetic  acid,  the  phosphate-exhausted  soils  yield  only  in- 
significant quantities.  Plots  that  in  1879  contained  as  much  as 
0*03  per  cent,  of  P2O5  soluble  in  acetic  acid,  and  that  have  been  con- 
tinuously unmanured,  now  yield  but  traces. 

In  1882,  A.  Vogel  (Bied.  Centr.,  p.  852)  suggests  that  if  a  sample 
of  soil  tested  with  acetic  acid  yields  no  indications  of  phosphoric 
acid,  its  percentage  of  phosphates  should  be  regarded  as  abnoi*mally 
low. 

In  1884,  Dugast  (Ann.  Agron.,  9,  470 — 478)  publishes  the  results 
of  an  elaborate  investigation  into  the  composition  of  three  soils  (from 
Marche  Neuf,  Loire  Inferieure),  A,  B,  and  C,  which,  in  their  crop- 
ping, show  different  degrees  of  fertility.  The  only  points  that  need 
here  be  quoted  are  the  comparative  proportions  of  phosphoric  acid 
extracted  from  A  and  B  by  various  reagents  as  follows: — 


Phosphoric  acid  (per  cent,  on  fine  dry  soil)  dissolved  by 

Aqua  regia. 

Ammonium 
oxalate. 

Ammoniiun 
citrate. 

Acetic  acid. 

Water 
saturated 
witli  CO.. 

Distilled 
wat«r. 

A. 
B. 

0-108 
0  072 

0-056 
0-048 

0-042 
0-034 

0-018 
0  013 

0-015 
0-013 

0-013 
0  011 
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There  appears  to  be  not  very  much  here  to  lay  hold  of  beyond  the 
fact  that  the  phosphoric  acid  exists  in  various  conditions  of  solubility. 
(The  phosphoric  acid  soluble  in  water  is  so  enormously  dispropor- 
tionate to  the  water-soluble  phosphoric  acid  found  in  fertile  soils  by 
the  present  author,  that  these  numbers  appear  to  him  scarcely 
credible,  unless  perhaps  in  the  case  of  soils  containing  an  enormous 
quantity  of  vegetable  remains,  which  does  not  appear  to  have  been 
the  case  here.) 

In  the  same  year  (1884),  G.  Lechartier  (Gompt.  rend.,  98,  1058 
— 1061)  suggests  that  a  2  per  cent,  solution  of  ammonium  oxalate 
may  be  used  as  a  means  of  determining  the  degree  of  solubility  of 
the  fertilising  constituents  of  a  soil. 

In  1889,  Eggertz  and  Nilson  (Bied.  Oentr.,  1889,  6641—668)  pub- 
lished experiments  indicating  that  extraction  of  a  soil  with  hydro- 
chloric acid  of  2  per  cent,  strength  so  far  removed  available  plant 
food  that  barley  could  not  grow  in  the  washed  soil,  while  extraction 
with  4  per  cent,  acid  rendered  it  sterile  to  oats. 

In  1892  {Landw.  Jahrh.,  20,  909— 928),  Wiklund  published  a  work 
in  the  same  direction,  and  expresses  dissatisfaction  with  the  method 
of  Eggertz  and  Nilson  as  one  for  general  adoption.  He  deals,  how- 
ever, mainly  with  the  distinction  between  organic  and  inorganic 
phosphorus  and  sulphur  in  the  soil. 

Lately,  Berth elot  and  Andre  have  worked  a  good  deal  (see  various 
papers  in  Comptes  rendus)  at  the  subject  of  the  condition  of  the  mineral 
ingredients  of  the  soil,  but  apparently  with  more  negative  than 
positive  results,  so  far  as  regards  any  conclusion  as  to  the  best 
mode  of  distinguishing  between  available  and  non-available  plant 
food. 

The  classical  experiments  of  Way  and  A.  Voelcker  on  the  action  of 
various  saline  solutions  on  soils,  which  are  to  be  found  in  the  back 
volumes  of  the  Journal  of  the  Royal  Agricultural  Society,  are  familiar 
to  most  agricultural  chemists.  They  dealt  rather  with  the  power  of 
soils  to  retain  various  manurial  substances  added  to  them,  and  with 
the  liberation  of  locked-up  plant  food  by  the  action  of  such  indirect 
manures  as  soda  salts,  than  with  means  for  distinguishing  between 
*'  available  "  and  *'  latent  "  mineral  "  food." 

The  literature  of  agricultural  chemistry  has  become  a  wide  one, 
and  there  are  no  doubt  in  existence  many  other  contributions  to  this 
paYticular  branch  of  soil  chemistry.  The  papers  that  have  been  re- 
ferred to,  however,  include  all  of  any  considerable  importance  that 
the  present  author  has  been  able  to  find.  Many  papers,  however,  as 
has  been  already  said,  exist  on  the  kindred  question  of  the  assimila- 
bility  of  manures,  which  wil  be  referred  to  in  a  later  section  of  this 
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paper,  the  attention  of  the  reader  being,  for  the  present,  directed 
rather  to  the  soil. 

It  may  be  said  to  have  been  pretty  widely  recognised  that  some 
very  much  weaker  solvent  than  strong  mineral  acid  ought  to  be  used 
in  soil  analyses,  if  these  are  to  be  of  much  use  as  indications  of  the 
proportion  of  available  mineral  plant  food.  Most  of  ^  the  suggestions 
made  have,  however,  been  arbitrary  in  the  sense  of  not  having  any 
definite,  or  at  any  rate  not  any  defined,  basis  beyond  the  recognised 
necessity  that  the  solvent  should  be  weah — weak,  that  is  to  say,  com- 
pared with  concentrated  mineral  acids. 

For  the  commercial  distinction  between  phosphates  presumed  to 
be  presently  available  and  those  presumed  to  be  not  presently  avail- 
able in  manures,  it  has  for  some  years  been  customary  in  some  Conti- 
nental countries,  and  also  in  America,  to  use  as  a  solvent  an  ammonium 
citi^te  solution,  originally,  no  doubt,  because  "  precipitated "  phos- 
phate, known  from  experience  to  be  a  readily  available  plant  food, 
is  soluble  in  such  a  solution.  But  much  discussion  has  been  spent  on 
the  point,  and  great  diversity  of  views  expressed,  although  in  certain 
countries  agreements  have  been  come  to  for  the  arbitrary  use  for  such 
purposes  of  citrate  solutions  of  prescribed  strengths  and  degrees  of 
acidity  or  alkalinity. 

In  1884,  Stutzer  (Gliem.  Ind.,  1884,  Feb.)  raised  an  emphatic  protest 
against  the,  by  that  time,  widely  accepted  use  of  a  strong  solution  of 
ammonium  citrate  as  a  means  of  estimating  available  phosphoric  acid 
in  manures,  while  granting  that  it  might  well  serve  to  determine  "  pre- 
cipitated" phosphate.  He  accordingly  experimented  with  citric  acid. 
which  had  been  previously  suggested  by  Tollens  (Journal  fur  Land- 
wirt.,  30.  Bd.)*  on  various  phosphatic  materials  in  use  as  manures. 
The  details  of  Stutzer's  results  need  not  here  be  given,  since 
they  deal  not  with  the  soil  itself,  but  with  manurial  materials, 
the  consideration  of  which  for  the  moment  is  deferred.  It  sufiices 
here  to  say  that  Stutzer's  results  showed  that  while  there  was  in 
many  cases  but  little  coherence  between  the  fertilising  value  of 
phosphatic  materials  as  determined  by  practical  experience  and  their 
solubility  in  ammonium  citrate,  there  was,  on  the  other  hand,  a  much 
more  satisfactory  correspondence  between  their  solubility  in  weak 
citric  acid  and  their  known  manurial  eflBcacy.  The  strength  of  the 
solution  Stutzer  employed  in  his  experiments  was  1  per  cent.,  i.e., 
10  grams  of  citric  acid  per  litre  of  water.  He  suggested  that  such  a 
solution  might  best  be  adopted  as  a  test  of  the  probable  solubility  of 

•  This  journal  is  not  in  the  Library  of  the  Chemical  Society,  and  Tollens'  paper 
is  not  reproduced  in  contemporary  journals,  so  that  the  present  author  has  not  had 
the  advantage  of  consulting  the  original. 
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manures  in  the  soil  (Bodenlosliclikeit).  A.  Thomson  later  (Chevi, 
Ind.,  1885)  endorsed  Stutzer's  suggestions.  Neither  Stutzer  nor 
Thomson,  however,  appears  to  give  any  reason  for  the  strength  of 
citric  acid  solution  adopted,  beyond  the  fact  that  the  results  obtained 
•with  a  solution  of  this  strength  (1  per  cent.)  showed  a  fair  correspond- 
ence with  the  comparative  efficacy  accredited  by  practical  experience 
to  the  fertilisers  examined. 

The  general  question  of  solvents  as  bearing  on  soil  analysis  was 
taken  up  in  1884  by  the  present  author,  and  has  from  time  to  time 
been  the  subject  of  a  good  deal  of  intermittent  work.  Much  of  this 
was  tentative  and  disappointing,  and  its  results  not  worth  transcrib- 
ing. Some  of  the  earlier  experiments  may,  however,  be  recorded 
before  passing  on  to  the  more  systematic  enquiry  to  which  they 
led  up. 

Pkeliminaey  Experiments. 

Among  these  earlier  tentative  experiments  were  determinations  of 
solubility  in  various  solvents  of  the  phosphoric  acid  and  potash  con- 
tained in  a  clay  soil  from  the  neighbourhood  of  Tewkesbury.  It  was 
a  soil  about  which  the  author  had  no  very  special  information.  It 
happened  to  be  sent  to  him  for  advice  or  suggestions  as  to  manurial 
treatment,  with  the  information  that  it  had  been  lately  cropped  with 
beans  after  wheat,  following  vetches  heavily  manui'ed  with  dung  and 
fed  off  with  cake-fed  sheep.  Beyond  these  facts,  and  those  ascertained 
by  its  analysis,  the  author  had  no  information,  and  the  soil  was  used 
for  these  tentative  experiments  merely  because  there  happened  to  be 
a  large  bulk  of  the  sample,  and  because  it  was  a  fair  average  specimen 
of  a  good  heavy  clay  soil,  with  a  good  deal  of  reserve  mineral  food  in 
it.  On  account  of  this  very  limited  knowledge  of  its  histoi-y  and 
capabilities,  any  such  interest  as  attaches  to  the  soil  experiments  to 
be  described  later  is  not  to  be  expected,  but,  as  far  as  they  go,  the 
facts  ascertained  as  to  the  condition  of  solubility  of  some  of  the 
constituents  are  chronicled  for  what  they  are  worth. 

The  dry  soil  subjected  to  a  tolerably  complete  analysis  was  found 
to  contain,  per  cent. : — 
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I    <4-( 
J=     O 

i   c   i   ri 

S  i 

a 

in  HCl  b 
ncineratio 
dered  sol 
icineratioi 

o 

fl.a 

Soluble  in 
out  inc] 
soil. 

Insoluble 
fore      i 
but  ren 
ble  hj  ii 

Insoluble 
even  afl 
tion. 

la 

Silica 

TO  ''745i 

4-320 
4-749 
0-873 
0-860 
0-544 
0-138 
0-211 
0-151 

0-360 
3-400 
0-123 
0-160 
0-355 
none 

0-313 
3-272 
0-367 
0-164 
0-913 
0-439 

4-993 

Alumina 

11-421 

1-363 

MagQesia 

1-184 

Potash 

1-812 

Soda 

0-577 

Phosphoric  acid 

Sulphuric  acid 

The  solubility  in  water  of  the  more  important  constituents  was 
determined  in  each  case  by  shaking  up  a  weight  of  air-dried  soil 
corresponding  to  250  grams  of  dry  soil  with  1000  c.c.  of  water  in  a 
Stoppered  bottle,  and  allowing  to  stand  with  occasional  agitation. 
At  the  conclusion  of  each  experiment,  an  aliquot  part  of  the  liquid 
was  filtered,  and  the  clear  liquid  evaporated  for  analysis. 


Percentage  (in  the  dry  soil)  of  Constituents  dissolved  by  Distilled  Water. 

Water  __  4 
~S^l         1' 


In  2  days. 

In  8  days. 

In  28  days. 

0-0006 
0-0046 
0 -0060 
0  -0302 
0-0040 

Phosphoric  acid 

0-0006 
0-0058 
0  -0139 
0-0382 
0-0040 
0-0288 

0-0006 

Potash 

0  -0059 

Soda 

0-0111 

Lime 

0  -0637 

Magnesia 

0-0080 

Sulphuric  acid 

The  question  afterwards  arose  as  to  how  far  the  quantity  of  water 
used  might  be  responsible  for  variations  in  experimentally  indicated 
water  solu  bility. 

Fresh  experiments  therefore  were  made  in  the  same  way,  but  using 
varying  quantities  of  water. 
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Dissolved  hy  Water  in  8  days. 


Water  _  2 
Soil          1' 

Water  _  4 
Soil         1' 

Water       10 
Soil          1 ' 

Phosphoric  acid 

0-0007 
0-0035 
0-0056 
0  -0955 
0-0070 

0-0009 
0-0050 
0-0059 
0  -1025 
0-0050 

0-0018 

Potash 

0-0077 

Soda 

0  -0121 

Lime 

0 -1148 

Magnesia 

0 -0200 

Evidently  the  quantity  of  -water  used  for  a  given  weight  of  soil 
produces  variations  which,  if  there  were  any  object  in  pursuing  such 
a  mode  of  soil  examination,  would  render  it  desirable  to  work  under 
definite  conditions.  Probably  the  frequency  of  agitation  would  alsO' 
bring  about  discrepancies  (and  there  are  some  discrepancies  here) 
when  dealing  with  such  small  figures.  Temperature  too  should  have 
been  regarded.  As  in  each  case  the  experiments  were  made  at  the 
ordinary  temperature  of  the  laboratory,  and  as  some  months  elapsed 
between  the  first  and  second  set  of  water  solubility  determinations^ 
some  of  the  differences  may  be  due  to  this.  This  point,  however,, 
is  of  little  consequence,  since  mere  water  solubility  is  not  an  index 
of  fertility. 

An  attempt  was  next  made  to  determine  the  solubility  of  the  various- 
constituents  in  carbonic  acid  water.  Accordingly,  a  set  of  experi- 
ments was  made  precisely  like  the  last,  except  that  the  water  used 
was  saturated  with  carbonic  acid. 


Constituents  Dissolved  hy  a  Solution  of  CO2  in  Water. 


Water 4 

~Soif  ~  1' 


In  2  days. 

In  8  days. 

In  28  days. 

Phosphoric  acid. 

0-0010 
0-0067 
0-0139 
0-1204 
0-0150 

0-0007 
0-0085 
0 -0150 
0-1266 
0  -0120 

0-0009 

Potash 

0-0073 

Soda 

0-0087 

Lime 

0  -2072 

0-0300 

Later,  the  following  determinations  were  made  of  the  quantity  of 
phosphoric  acid  dissolved  from  this  soil  by  solutions  of  ammonium 
citrate. 

The  ammonium  citi-ate  was  made  from  specially  purified  citric  acid. 
In  each  case  a  quantity  of  air-dried  soil  equal  to  250  grams  of  dry 
soil  was  shaken  up  with  1000  cc.  of  water  containing  ammonium 
citrate,  rendered  alkaline  by  the  addition  of  25  cc.  of  0-880  ammonia. 
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The  liquid  remained  in  contact  with  the  soil  for  seven  days  (in  late 
spring)  with  frequent  shaking. 

Ammonium  Citrate  Experiments. 


Solvent       4 
~Soil~  ^  1' 


Per  cent,  on  the  soil. 


^^add.°"'i  •P"*^^^- 


Water  only 

Water  and  ammonia  only 

0  '1  per  cent,  alkaline  solution  of  ammonium  citrate, 

0-25 

0-5 

1-0 

2-5 

5-0 
10-0 
15-0 
20-0 
30-0 
40-0 
50-0 


0-0009 
0-0034 
0  -0036 
0 -0042 
0-0046 
0-0056 
0-0080 
0-0090 
0  -0131 
0  -0161 
0  -0154 
0  -0194 
0  -0220 
0-0260 


0-0050 
0-0047 
0-0059 
0-0079 
0-0089 
0  -0139 
0  -0156 
0-0212 
0  -0253 
0  -0268 
0-0261 

0-0223 
0 -0223 


Some  similar  determinations  of  solubilities  were  also  made  in  a 
clay  loam  soil  from  the  neighbourhood  of  Chelmsford — the  soil, 
indeed,  of  Mr.  Rosling's  farm,  on  which  have  been  carried  out  for 
some  years,  with  the  co-operation  of  the  author,  the  various  series  of 
field  experiments  made  for  the  Essex  Agricultural  Society. 

This  soil,  on  analysis,  yielded  the  following  results,  the  solvent, 
except  for  CI  and  N2O5,  being  the  usual  one,  viz.,  hydrochloric  acid 
acting  on  the  incinerated  soil : — 


Fine  Soil,  Dried  at  212°  Fahr. 

Silica  and  silicates  insoluble  in  hydrochloric  acid. 

Oxide  of  iron 

Alumina 

Lime 


Magnesia 
Potash  . . 
Soda .... 


Carbonic  acid 

Phosphoric  acid 

Sulphuric  acid , 

Nitric  acid ... 

Chlorine 

*Organic  matter,  water  of  combination,  &c. 

•  Containing  nitrogen,  0-176. 


86-480 
3-721 
3-202 
0-571 
0-319 
0-305 
0-074 
0-121 
0-141 
0-031 
0-001 
0-002 
5-032 

100-000 
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The  farm  was  one  that  had  for  some  years  been  kept  in  good  condi- 
tion by  careful  farming  and  liberal  manuring,  and  the  particular  field 
sampled  showed  itself  able,  in  the  year  in  which  this  sample  was 
drawn,  to  produce  some  16  tons  of  mangolds  per  acre,  without  the 
addition  of  any  manure,  after  a  preceding  crop  of  oats.  This  shows 
it  to  have  been  pretty  rich  in  available  mineral  food  as  well  as  in 
nitrogen. 

Determinations  of  the  phosphoric  acid  and  potash,  soluble  in  am- 
monium citrate  solutions  of  various  strengths,  were  made  (as  in  the 
case  of  the  soil  already  mentioned)  with  the  following  results  : — 


Ammonium  Citrate  Experiments. 


Per  cent,  on 

the  dry  soil. 

Solvent 
Soil 

_    4 
I" 

Time  of  contact  7  days. 

Phosphoric 
acid. 

Potash. 

i\  ,i'\(\i\o 

t\    mf\i\1  1 

'Water  only 

Water  and  ammonia  only i . . . 

0  UlKJo 
0  0036 

0  0011 

0*1  per  cent,  alkaline  solution  of 

ammonium  citrate. . 

0-0047 

— 

0-25 

J) 

31 

0-0046 

0-0037 

0-5 

» 

)» 

0-0060 

— 

10 

» 

» 

0-0084 

0-0077 

2-6 

j> 

J> 

0 -0128 

0-0054 

50 

» 

5> 

0-0140 

0-0065 

100 

>) 

J» 

0  -0149 

0  -0093 

150 

>) 

)> 

0'0163 

0-0077 

200 

)> 

J> 

0-0207 
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These  results  are,  on  the  whole,  not  dissimilar  from  those  obtained 
with  the  Tewkesbuiy  soil,  except  in  potash,  in  which  constituent  the 
Tewkesbury  soil  was  much  richer. 

At  about  this  time  the  author  had  become  convinced,  by  experi- 
ments of  his  own  on  phosphatic  manures  (see  later),  that  the  conten- 
tion of  Stutzer  was  right,  and  that  the  solvent  action  of  an  ammoniacal 
salt  did  not  give  a  reliable  index  of  availability.  Weak  organic  acid 
had  shown  itself  to  give  far  more  consistent  and  intelligible  results 
with  manures,  and  why  not  with  soils,  as  suggested  by  H.  v.  Liebig, 
Deherain,  and  others  already  quoted  ?  But  the  first  difficulty  to  be 
met — a  very  considerable  one,  as  shown  by  the  following  experiments 
with  the  Chelmsford  soil — was  to  decide  the  strength  (or  weakness) 
of  the  acid  to  be  used. 
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Citric  Acid  Solution  Experiments. 

Solvent  ^  40^  Phosphoric  acid 

Soil  1  *  (per  cent,  on  dry  soil). 

0"125  per  cent,  citric  acid  solution 0*0200 

0-25  „  „  0-0250 

0-5  „  „  0-0264 

1-0  „  „  0-0312 

2-5  „  „  0-0728 

5-0  „  „  0-0896 

Solvent  _  20 
Soil     ~   1* 
0-25  per  cent,  citric  acid  solution 0-0197 

Solvent  _  20 
SoiF  ~  T* 
0-6  per  cent,  citric  acid  solution 0-0193 

Solvent  _  10 
Soil     ~    1* 
1-0  per  cent,  citric  acid  solution 0-0161 

It  is  obvious  that  if  citric  acid  be  used  the  variations  are  great,  as 
migbt  be  expected,  in  accordance  witb  the  degree  of  dilution  and  the 
proportion  of  acid  to  soil,  at  any  rate  where  the  contact  with  th.e  soil 
is  of  short  duration,  as  in  the  case  of  tbese  last  enumerated  experi- 
ments, in  which  only  three  days  were  allowed. 

Seeing  that  the  end  in  view  was  a  means  of  distinguishing  between 
matter  that  a  plant  can  take  up  and  matter  that  a  plant  cannot  take 
up,  the  possibility  suggested  itself  of  arriving  at  some  conclusion 
from  a  closer  study  of  the  means  by  which  a  plant  collects  its  mineral 
food.  The  mere  solvent  action  of  water,  or  even  of  water  saturated 
with  carbonic  acid,  at  all  events  of  the  very  limited  quantity  of  water 
that  exists  in  even  a  wet  soil,  is  altogether  insufBcient  to  account  for 
the  solution  of  all  the  mineral  plant  food  required  by  a  crop.  No 
doubt  the  action  of  decaying  organic  matter  and  of  "  humic  "  and 
"ulmic"  acids,  &c.,  produces  some  effect,  but  it  seems  probable  that, 
useful  as  humus  is  in  a  soil  for  many  purposes,  the  solvent  action  of 
its  decomposition  products  on  the  minerals  of  the  soil  in  actual  fact 
has  been  overrated,  and  that  the  chief  solvent  agent  for  soil  minerala 
is  the  root  sap  of  the  plant. 

Experiments  on  the  Acidity  of  Root  Sap, 

It  has  long  been  accepted  as  a  fact  that  plants  help  themselves  to- 
a  part  of  their  mineral  food  by  means  of  the  solvent  action  of  their 
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acid  root  sap  on  the  particles  of  soil  witli  whicli  the  rootlets  come 
into  contact.  The  observations  most  frequently  quoted  in  support  of 
this  are  the  classical  ones  of  Sachs,  who  showed  that  the  acid  of  the 
root  sap  was  sufficient  to  etch,  by  its  corrosive  action,  the  surface  of 
polished  marble  buried  beneath  the  soil. 

But  the  mere  observation  that  roots  have  an  acid  sap  is  much  older 
than  any  recognition  of  the  significance  of  their  acidity.  For  example, 
Philip  Miller  (gardener  to  the  Society  of  Apothecaries)  wrote  in 
1733  : — "When  the  juice  enters  the  root,  it  is  earthy,  watery,  poor, 
and  acid."  He  also  speaks  of  "  that  tart  liquor  oozing  from  the  root 
of  the  walnut  tree  when  cut  off  in  the  month  of  May." 

The  subject  of  the  acidity  of  root  sap  and  of  its  solvent  action  on 
certain  soil  constituents,  but  more  especially  on  nitrogenous  organic 
matter,  is  dealt  with  at  some  length  in  the  paper  "  On  the  Present 
Position  of  the  Question  of  the  Sources  of  Nitrogen  of  Vegetation," 
published  in  1889  in  the  Phil.  Trans.,  by  Sir  John  Lawes  and  Sir  Henry 
Gilbert.  1  have  since  learned  from  Sir  Henry  Gilbert  that,  in  the  course 
of  their  investigation,  the  authors  experimented  on  the  acidity  of  the 
root  sap  of  about  75  different  plants.  None  of  the  quantitative 
determinations,  however,  have  been  published,  and  few,  if  any,  other 
attempts  appear  to  have  been  made  to  determine  the  degree  of 
acidity  of  root  sap.  In  order,  therefore,  to  obtain  some  information 
on  this  point,  the  determinations  that  are  now  recorded  were  under- 
taken. 

The  plants  were,  as  far  as  possible,  taken  at  a  time  when  they  were 
in  vigorous  growth.  Graminaceous  plants — cereals  and  grasses — wei-e 
selected  just  before,  or  in  the  first  stage  of,  inflorescence,  and  so  also 
were  legaminous  plants.  Potato  plants  were  taken  when  the  tubers 
were  beginning  to  develop,  mangolds  and  turnips  when  the  bulbs 
had  developed  to  a  diameter  of  1  to  2  inches,  and  cabbages  and  other 
crucifers  at  a  corresponding  stage  of  growth.  In  addition  to 
ordinary  agricultural  plants,  a  large  number  of  garden  plants  were 
•examined — annuals,  biennials,  and  perennials — all  being  taken,  as  far 
as  was  practicable,  during  active  growth. 

The  author  desires  here  to  tender  his  special  thanks  to  Messrs. 
Sutton  and  Sons,  Reading,  for  kindly  placing  at  his  disposal  their 
pure  cultivation  plots  of  grasses  and  clovers,  from  which  separate 
^owths  of  the  chief  pasture  grasses  were  obtained. 

The  problem  of  ascertaining  the  acidity  of  the  root  sap  is  by  no 
means  a  simple  one.  In  the  case  of  large,  fleshy,  tuberous,  or  bulbous 
roots,  it  is,  of  course,  easy  to  express  the  juice.  But  the  examination 
of  such  juice  does  not  necessarily  throw  much  light  on  the  real 
question  under  investigation,  because  it  is  the  acidity  of  the  sap,  not 
of  the  main  or  tap  roots,  but  of  the  small  roots  and  rootlets,  which 
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-determines  the  soil-solvent  functions  of  the  plant.  It  by  no  means 
^follows  that  we  know  the  acidity  of  the  rootlet  sap  when  we  know 
the  acidity  of  the  juice  of  the  fleshy  tap  root  from  which  the  rootlets 
•spring.  To  mechanically  express  the  sap  from  fine  roots  and  rootlets 
is  practically  impossible. 

It  is  necessary,  therefore,  to  proceed  in  some  other  fashion,  and  it 
is  not  easy  to  find  one  that  is  free  from  objection.  The  rootlets  of 
most  plants  form  a  matted  mass  which  clings  intimately  to  the  soil, 
•and,  seeing  that  soil  abounds  in  basic  substances,  it  is  necessary  to 
free  the  rootlets  from  the  adherent  particles.  The  plan  finally 
■adopted  was  to  dig  up  a  large  block  of  the  soil  in  which  the  plant 
was  growing  (or,  in  the  case  of  pot-grown  plants,  to  take  the  whole 
potful  of  earth  and  roots),  and  to  rapidly  wash  the  earth  off  with  a 
good  flow  of  water  over  a  bowl.  After  a  little  practice,  it  is  not  diffi- 
•cult  to  effect  the  washing  very  rapidly  and  without  much  bruising 
of  the  roots.  After  the  removal  of  the  earth,  the  mass  of  moist  roots 
.-and  rootlets  is  lightly  disentangled  and  freed  from  external  moisture 
by  pads  of  blotting  paper  and  by  blowing  on  the  roots  with  bellows. 
When  the  roots  no  longer  moisten  new  blotting  paper,  they  are  taken 
as  "  dry."  In  living  and  unbruised  roots,  the  probability  of  losing 
soluble  constituents  during  the  process  of  rapid  washing  is  small, 
because  transfusion  through  the  walls  of  living  cells  takes  place  very 
filowly,  and  even  the  vessels  whose  open  ends  may  be  exposed  to  the 
water  are  of  such  capillary  fineness  that  there  is  little  likelihood  of 
rapid  diffusion  taking  place.  At  all  events,  no  better  method  of 
obtaining  the  rootlets  free  from  soil  and  in  a  condition  likely  to  be 
little  changed  presented  itself. 

A  portion  of  the  externally  dry  roots  and  rootlets  is  weighed  and 
di"ied  in  the  water  oven.  The  moisture  determined  by  loss  in  weight 
is  taken  as  a  sufficient  approximation  to  the  original  "moisture  "  of 
the  roots  to  furnish  a  basis  for  calculation  of  the  sap. 

Another  portibn  of  the  roots  is  quickly  snipped  up  with  scissors 
(not  "  minced,"  so  as  to  expose  any  material  portion  of  the  sap  to  the 
action  of  the  metal)  and  boiled  in  distilled  water  for  some  time.  The 
liquor  is  then  strained  off,  and  the  exhausted  rootlets  rubbed  to  a 
pulp  in  a  porcelain  mortar,  and  again  boiled.  The  total  extract  is 
boiled  down  to  a  small  bulk  to  boil  off  carbonic  acid,  and  the  fixed 
acidity  taken  by  titration  with  standard  alkali,  using  phenolphthalein 
as  an  indicator. 

After  a  good  many  determinations  had  been  made  in  this  way,  it 
was  thought  possible  that  a  more  rapid  and  satisfactory  extrac- 
tion might  be  made  if  the  dried  rootlets  could  be  used,  us  transfusion 
would  be  nfecessarily  more  easy.  In  a  large  number  of  cases,  there- 
fore, the  portion  dried  for  the  moisture  determination  was  ground  to 
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powder  in  a  mortar — a  very  quick  process  in  the  case  of  the  crisp  dry 
roots — and  the  powder  boiled  with  water,  and  the  decoction  concen- 
trated. It  is  not  necessary  to  filter  or  pour  it  off,  as  neither  the  dark 
colour  nor  the  turbidity  interferes  with  the  reading  when  so  strongly 
reacting  an  indicator  as  phenolphthalein  is  used.  In  most  cases 
the  determination  of  acidity  in  the  dried  roots  agreed  very  well 
with  that  in  the  moist  roots,  and  in  future  it  would  probably  be 
adopted  as  more  convenient.  Of  course  it  is  open  to  the  objection 
that  some  mutually  destructive  action  may  occur  between  organic 
acids  and  the  various  other  organic  substances  present  when  dried 
together,  but  the  drying  occurs  very  rapidly,  and  the  total  quantity 
to  be  determined  is  so  very  small,  that  even  a  considerable  per- 
centage error  in  the  total  acid  present  would  little  affect  the  percent- 
age on  the  sap. 

On  the  whole,  although  the  whole  process  may  be  scientifically 
open  to  some  objections,  it  appears  sufficient  to  afford  a  fairly 
approximate  idea  of  the  percentage  of  total  fixed  acidity  in  the  roots, 
and  the  moisture  being  known,  the  acidity  for  100  parts  of  moisture 
may  be  taken  as  giving  some  approximate  figure  for  the  "  sap  acidity  "■ 
of  the  roots. 

No  attempt  has  been  made  in  any  of  these  experiments  to  identify 
the  acid  to  which  the  acidity  was  due.  Probably,  a  considerable 
variety  of  organic  acids  exist  in  the  rootlets  of  a  single  species,  and 
in  different  orders  of  plants  different  acids  would  predominate.  For 
the  special  purpose  the  author  had  in  view,  it  was  convenient  to 
calculate  the  acidity  into  the  form  of  citric  acid,  but  in  the  record  of 
results  now  given  the  acidity  is  also  stated  in  terms  of  hydrogen. 

In  each  case  will  be  found  stated — 

i.  The  percentage  of  moisture  in  the  root, 
ii.  The  percentage  of  acidity  in  terms  of  hydrogen, 
iii.  The  percentage  of  acidity  in  terms  of  citric  acid, 
iv.  The  ratio  of  acidity  to  100  parts  of  moisture  ("  sap  acidity  ")  in 

terms  of  hydrogen. 
V.  The  ratio  of  acidity  to  100  parts  of  moisture  ("  sap  acidity  ")  in 
terms  of  citric  acid. 
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There  are  recorded  in  the  foregoing  tables  about  100  root  acidity- 
determinations,  the  plants  being  taken  from  20  different  natural 
orders.  It  will  have  been  noticed  that  the  variations  are  wide  even 
in  plants  of  the  same  order  and  even  of  the  same  species. 

The  average  "  sap  acidity  "  of  the  roots  of  the  100  plants  is — ■ 

Expressed  as  hydrogen 0'0122 

Expressed  as  crystallised  citi'ic  acid. .      0"8540 

If  we  take,  however,  the  average  acidity  of  the  plants  in  each  order 
examined  (since  the  number  of  plants  examined  in  each  order  varied 
very  much),  and  then  average  these  averages,  the  average  "sap 
acidity"  for  the  roots  of  the  20  orders  is — 

Expressed  as  hydrogen 0*013 

Expressed  as  crystallised  citric  acid  . .      0'910 

Of  course  either  mode  of  averaging  is,  for  very  obvious  reasons, 
objectionable,  as  the  manipulation  of  figures  is  often  liable  to  be. 
The  average  figure — whichever  mode  of  averaging  be  taken — differs 
widely  from  some  of  the  individual  figures.  The  average  of  the  whole, 
however  (0*91  per  cent.,  reckoned  as  citric  acid),  represents  very  nearly 
the  averages  found  in  each  case  for  the  plants  included  in  Banun- 
culacece,  Cruciferce,  Caryophyllacece,  Leguminosce,  Onagracece,  Araliacece, 
and  BoraginacecBf  which  averages  vary  between  the  limits  of  0'81  per 
cent,  and  1*12  per  cent. 

Of  the  remaining  orders,  we  have  Tropceolacece,  Primulacece,  Umbel' 
lifercB,  Compositce,  Gampanulacece,  Chenopodiacece,  and  Graminece, 
ranging  from  0"53  per  cent,  to  0*68  per  cent.  Dipsacece  and  Solanacece 
(single  species  only)  fall  much  below  the  average  (0"44<  per  cent,  and 
0*34  per  cent.),  and  so  do  the  Liliacene  (0*36  per  cent.),  though  one 
of  the  only  two  species  comprising  the  four  liliaceous  plants 
examined  gave  higher  results.  On  the  other  hand,  the  plants 
examined  in  Rosacece  and  Plumhaginece  gave  exceeding  high  results 
checked  in  each  case  by  operating  on  two  distinct  plants  of  each 
species  chosen. 

Obviously  these  determinations,  numerous  and  laborious  as  they 
have  been,  can  only  be  regarded  as  being  in  the  nature  of  a  tentative 
and  preliminary  enquiry  of  a  very  crude  kind  if  criticised  from  the 
botanical  or  physiological  standpoint.  But  they  appear  to  be  sufficient 
to  indicate  that  the  ratio  of  the  soluble  free  acid  in  the  roots  of  plants 
to  the  moisture  contained  in  them — which  is  here  called  sap-acidity — • 
probably  generally  falls  within,  and  not  very  far  within,  1  per  cent., 
calculated  as  crystallised  citric  acid. 

Citric  acid  is  chosen  to  express  the  acidity  partly  on  account  of 
its  being  an  organic  acid,  and  in  that  sense  kindred  to  other  root  sap 
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acids  ;  partly  because  it  is  the  acid  generally  used  by  tliose  who  have 
attempted  to  determine  available  phosphoric  acid  in  manures  by 
means  of  weak  acid,  in  particular  by  Tollens,  Stutzer,  A.  Thomson, 
and  P.  Wagner ;  and  partly  because  it  is  at  hand  in  every  agricultural 
laboratory  in  a  state  of  purity,  and  therefore  a  convenient  acid. 

On  the  whole,  these  sap-acidity  determinations,  however  desultory 
and  imperfect  in  a  scientific  sense,  seemed  to  confirm  the  wisdom  of 
Stutzer  in  adopting  (Tollens  had  suggested  various  strengths)  a 
1  per  cent,  solution  of  citric  acid  as  a  standard  test  of  the  availability 
of  phosphates  in  manures,  though  he  appears  to  have  lighted  on  that 
strength  by  experimental  enquiry  based  on  quite  other  grounds. 

Experiments  on  Rothamsted  Barley  Soils. 

Since  the  choice  of  a  solvent  for  use  in  soil  analyses  must  in  the 
end  be  empirical,  both  as  regards  its  form  and  its  strength,  it  seemed 
now  worth  while  to  make  some  effort  to  test  the  expediency  of  adopt- 
ing a  1  per  cent,  citric  acid  solution.  Such  a  solution  appears  to 
yield  instructive  information  in  the  case  of  manures,  and  it  approxi- 
mates fairly  closely  to  the  average  acidity  of  root  sap.  It  remained, 
however,  to  see  how  far  its  solvent  action  on  the  constituents  of  the 
soil  might  afford  a  real  measure  of  the  soil's  present  fertility  so  far  as 
such  fertility  is  affected  by  the  quantity  present  of  available  mineral 
elements  of  plant  food. 

In  order  to  do  this,  it  was  necessary,  clearly,  to  operate  on  soils 
about  whose  history  and  whose  fertility  very  exact  information  was 
attainable,  and  the  one  spot  to  which  an  agricultural  chemist  in 
England  or  elsewhere  would  naturally  turn  for  such  a  purpose  at 
once  suggested  itself  as  a  source  of  material  whereon  to  work. 

By  the  kind  permission  of  Sir  John  Lawes,  and  with  the  advice  and 
personal  assistance  of  Sir  Henry  Gilbert,  the  author  was  fortunate 
in  being  allowed  to  draw  a  complete  set  of  samples  of  soil  from 
the  world-famed  Hoos  Field  at  Rothamsted,  on  which  barley  has 
been  grown  for  40  years  in  succession,  and  on  which  each  plot  has 
been  year  after  year  subjected  to  some  one  kind  of  unvarying 
manurial  treatment.  A  precise  record  having  been  preserved,  not 
only  of  the  manures  applied  to  each  plot,  but  also  of  its  yield  of 
grain  and  straw  year  by  year,  a  study  of  a  summary  of  the  field's 
history  is  sufficient  to  show  which  plots  are  languishing  for  phos- 
phoric acid,  which  for  potash,  which  for  nitrogen,  and  which,  in 
varying  degree,  for  all.  After  so  many  years  of  treatment,  the 
knowledge  of  the  manures  used  almost  suffices  to  predict  the  crop  of 
an  average  season ;  while  the  yield  of  ci'op  would,  on  the  other 
hand,  almost  suffice  to  indicate  how  it  has  been  manured — so  closely 
do  the  two  factors — the  a  priori  one  of  treatment  and  the  a  posteriori 
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one  of  yield — independently  point,  when  properly  studied,  to  the 
same  degree  of  fertility.  Any  mode  of  soil  analysis  that  would 
furnish  a  third  scale  of  indications  pointing  to  the  same  conclusions 
might  almost  be  accepted  as  a  provisionally  satisfactory  method  of 
soil  analysis — regarding  the  mineral  elements  of  fertility,  with  which 
alone  we  are  at  present  concerned.  Whatever  might  be  the  result  of 
the  proposed  experiments,  it  could  scarcely  be  doubted  that  they 
would  bring  to  light  some  points  of  interest — an  anticipation  that 
will  be  seen  to  have  been  fully  realised. 

The  samples  were  drawn  in  the  autumn  of  1889.  A  square 
sampling  iron,  such  as  has  been  described  in  papers  from  K-othamsted, 
was  used.  It  is  so  made  that  it  draws  a  fair  sample  of  the  soil  to  a 
depth  of  9  inches.  To  sample  each  plot,  samples  were  drawn  in  this 
way  from  several  places  and  mixed  together  on  a  sheet.  20  lbs.  of 
the  moist  earth,  including  stones  and  pebbles,  were  then  weighed  out 
from  the  mixture,  bagged,  and  sent  to  the  author's  laboratory  in 
London.    22  out  of  the  total  29  plots  in  Hoos  Field  were  thus  sampled. 

The  sample  in  each  case  was  allowed  to  become  sufficiently  air- 
dried  to  allow  of  its  being  crumbled  and  sifted.  The  stones — flints, 
pebbles,  &c. — that  would  not  pass  through  a  :^-inch  sieve  were  re- 
jected, and  the  moisture  in  the  air-dried  soil  was  determined  by 
drjing  a  fair  sample  of  it  at  100°  C.  The  analytical  determinations 
of  total  phosphoric  acid  and  potash  were  made  on  the  dry  soil.  For 
all  the  solubility  experiments,  however,  the  air-dried  soil  was  used, 
a  quantity  being  taken  which  in  each  case  corresponded  to  a  given 
weight  of  actually  dry  soil ;  for  it  was  considered  that  to  completely 
dry  the  soil  before  weighing  it  out  for  the  solubility  experiments 
might  be  to  risk,  by  dehydration,  the  production  of  some  change  in 
the  composition  or  constitution  of  the  phosphoric  acid  or  potash  com- 
pounds existing  in  the  soil,  and  possibly  therefrom  the  bringing 
about  of  some  artificial  modification  of  their  solubility. 

The  'percentage  results  obtained  have  been  also  calculated  out  as 
pounds  per  acre.  In  these  calculations  the  author  has  availed  himself 
of  data  kindly  supplied  to  him  by  Sir  Henry  Gilbert,  as  to  the  acreage 
weights  of  fine  soil  on  the  experimental  plots.     These  are — 

Weight  per  acre  of  dry  soil 
(excluding  stones  retained 
by  i-inch  sieve). 
First  9  inches  for  Series  0,  A,  AA,  and  AAS 

(mean  of  16  plots  and  56  samples) 2,527,879  lbs. 

For    Series   C    (mean   of    4    plots    and    16 

samples)    2,361,461  lbs. 

For  7^  (mean  of  3  samples) 2,486,870  lbs. 

For  T  (mean  of  3  samples) 2,084,567  lbs. 
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Perhaps  a  few  words  may  be  said  as  to  the  analytical  methods 
adopted. 

The  total  phosphoric  acid  was  determined  in  each  case  in  10  grams 
of  the  dried  soil  and  also  in  25  grams,  the  mean  of  the  two  results 
being  taken.  The  numbers  obtained  in  each  case  were,  however,  all 
but  identical,  the  difference  in  the  duplicate  percentages  being  in 
most  cases  only  a  small  one  in  the  third  place  of  decimals. 

The  soil  was  incinerated  and  digested  with  hydrochloric  acid,  and 
evaporated  to  dryness,  redigested  with  acid,  filtered,  and  washed. 
The  filtrate  and  washings  were  concentrated  to  a  small  bulk,  and 
treated,  in  the  cold,  with  excess  of  a  solution  of  ammonium  molybdate 
in  nitric  acid.  After  standing  48  hours,  the  liquor  was  decanted 
through  a  filter,  the  precipitate  washed  several  times  by  decantatiou, 
first  with  dilute  acid,  then  with  pure  water  in  very  small  doses,  and 
finally  transferred  to  the  filter  and  washed  free  from  excess  of  acid. 
The  ammonium  phosphomolybdate  was  then  dissolved  in  ammonia, 
evaporated  to  dryness  in  a  platinum  capsule,  and  dried  to  constancy 
in  a  water-oven.  The  residue  contains  3*5  per  cent,  of  its  weight  of 
phosphoric  acid.  This  is  the  method  of  O.  Hehner  (Analyst,  1879), 
and  for  determining  small  quantities  of  phosphoric  acid  such  as  occur 
in  soils  or  in  solutions  of  iron  and  steel,  is  very  much  to  be  preferred 
to  the  old-fashioned  method  of  conversion  into  magnesium-ammonium 
phosphate.  The  solubility  of  the  yellow  precipitate  in  the  small 
quantity  of  wash  water  used  is  in  most  cases  negligible.  As  a  matter 
of  fact,  the  quantity  of  wash  water  used  in  these  analyses  was  found 
capable  of  dissolving  only  0*005  gram  of  precipitate,  of  which  only 
0*00017  is  phosphoric  acid,  making  an  error  of  0*0017  per  cent,  on 
the  soil  if  10  grams  be  used,  or  of  only  0*0006  if  25  grams  be  used. 
In  the  citric  acid  experiments,  to  be  presently  described,  the  solution 
from  50  grams  of  soil  was  used,  when  the  error  due  to  solubility  of 
precipitate  shrinks  to  0*0003  per  cent.  The  correction  for  this  solu- 
bility was,  however,  made  in  each  case. 

It  may  be  observed  that  the  method  of  Hehner  is  not  applicable  if 
the  molybdic  solution  be  added  to  a  hot  liquid,  since,  in  that  case, 
some  molybdic  acid  is  sure  to  crystallise  out  with  the  yellow  preci- 
pitate. Moderate  and  careful  warming  to  about  35°  C.  hastens  pre- 
cipitation, but  it  is  preferable,  when  speed  is  not  a  special  object,  to 
precipitate  cold,  and  leave  the  beaker  standing  at  the  laboratory' 
temperature  over  night,  or  longer  if  the  quantity  to  be  determined  is 
very  minute. 

To  determine  potash,  10  grams  of  fine,  dry  soil  were  treated  with 
10  c.c.  of  hydrochloric  acid  and  evaporated  to  dryness  on  the  water- 
bath,  the  residue  taken  up  with  another  10  c.c.  of  acid,  warmed, 
diluted  with  water,  boiled,  filtered,  and  washed.     The  filtrate  and 
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washings  were  concentrated  and  gently  incinerated  to  get  rid  of 
organic  matter,  and  the  residue  redissolved  in  hydrochloric  acid,  and 
evaporated  slowly  down  with  a  considerable  quantity  of  platinum 
chloride.  If  the  evaporation  be  conducted  slowly,  the  platinum- 
potassium  cbloride  settles  out  well,  despite  the  iron,  aluminium,  and 
calcium  salts,  and  is  easily  washed  with  some  more  platinum  chloride 
solution,  followed  by  alcohol.  The  application  of  this  (Tatlock's) 
modification  of  the  platinum  chloride  process  to  solutions  containing 
comparatively  minute  quantities  of  potash,  amid  an  overwhelming 
excess  of  iron,  aluminium,  and  calcium  salts  is  probably  new  to  many 
chemists.  It  works  admirably,  and  obviates  the  necessity  for  re- 
moving iron,  aluminium,  calcium,  magnesium,  &c.,  with  the  necessary 
use  of  ammonia,  and  the  tedious,  processes  of  concentration  and  final 
volatilisation  of  the  ammonium  salts  ;  but,  of  course,  the  process 
cannot  be  employed  if  soda  also  is  to  be  determined.  It  should  be 
observed  that  the  filtrates  from  several  determinations  were  collected 
and  very  exhaustively  examined  for  any  possible  trace  of  unpreci- 
pitated  potash,  but  none  could  be  detected. 

The  potash  soluble  in  hydrochloric  acid  having  been  thus  deter- 
mined, the  undissolved  siliceous  matter  was  incinerated,  weighed, 
and  finely  ground  in  an  agate  mortar.  A  weighed  portion  of  it  was 
then  mixed  with  a  large  bulk  of  pure  calcium  carbonate  and  a  little 
ammonium  chloride  and  heated,  beginning  with  a  low  temperature, 
rising  slowly  to  bright  redness.  The  mass  was  then  boiled  with 
water,  washed,  incinerated,  re-ground,  mixed  with  some  more  am- 
monium chloride,  and  again  heated,  boiled,  and  washed  out.  The 
process  was  repeated  once  again,  and  the  filtrates  from  all  the  treat- 
ments concentrated,  the  calcium  being  removed  as  carbonate,  and  the 
potash  determined  in  the  filtrate,  after  evaporation  and  incineration 
at  a  low  temperature,  by  means  of  platinum  chloride. 

It  was  found,  in  repetition  analyses,  impossible  to  get  constant 
figures  for  potash  soluble  in  hydrochloric  acid,  for  even  a  difference 
in  the  time  taken  to  evaporate  to  dryness  with  ^cid  was  found  to 
affect  the  result.  But  all  the  figures  stated  under  this  head  were 
obtained  by  working  under  similar  conditions,  and  they  are  such  as 
are  obtained  in  ordinary  soil  analysis. 

The  determinations  of  solubility  in  citric  acid  solution  were  made 
as  follows : — A  weight  of  air-dried  soil  corresponding  to  200  grams 
of  completely  dry  soil  was  placed  in  a  Winchester  quart  bottle  with 
2  litres  of  distilled  water  in  which  were  dissolved  20  grams  of  pure 
citric  acid.  (Winchester  quarts  which  had  been  used  for  the  storage 
of  strong  acids  were  chosen  in  order  to  eliminate  the  possibility  of 
dissolving  potash,  &c.,  from  the  glass.  The  bottles  were  rinsed  many 
times,  allowed  to  rest  full  of  water  for  some  days,  and  again  rinsed.) 
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The  soil  was  allowed  to  remain  in  contact  with  the  1  per  cent,  citric 
acid  solution  for  seven  days,  being,  except  on  one  day,  shaken  up  a 
great  many  times  each  day,  whenever,  that  is  to  say,  the  soil  had  settled 
well  down.  The  bottles  rested,  however,  at  night.  Altogether  the 
shaking  up,  which  was  not  violent,  but  only  sufficient  to  break  up  the 
cake  of  mud  which  formed  each  time  the  soil  settled  down,  may  have 
been  performed  on  each  sample  about  400  times.  The  temperature 
ranged  between  10°  and  19°  C,  and  averaged  about  15°  C.  The  ex- 
periments being  made  in  winter,  it  was  practically  impossible  to  keep  a 
constant  temperature  in  the  laboratory,  and  the  bottles  were  too  large 
and  too  numerous  to  be  placed  in  any  ordinary  constant  temperature 
closet.  On  the  whole,  the  conditions  throughout  the  22  experiments 
may  be  said  to  have  been  fairly  even. 

After  seven  days'  treatment  as  above,  the  solutions  were  filtered ; 
.500  c.c,  i.e.,  the  solution  from  50  grams  of  soil,  were  used  for  each 
determination.  In  each  case  the  solution  was  evaporated  to  dryness 
in  a  platinum  basin,  and  gently  incinerated  at  a  low  temperature. 
The  residue  was  dissolved  in  pure  hydrochloric  acid,  evaporated  to 
dryness,  redissolved,  and  filtered.  In  the  filtrate  the  phosphoric  acid 
or  potash,  as  the  case  might  be,  was  determined  by  the  methods 
already  described,  and,  as  the  actual  precipitate  weighed  represented 
50  grams  of  soil,  the  multiplication  of  any  experimental  error  in  con- 
verting into  percentages  was  minimised. 

The  methods  of  sampling,  of  analysis,  and  of  experiment,  having 
been  sufficiently  described,  the  results  may  now  be  recorded  and 
discussed. 

For  the  better  study  of  these,  however,  it  is  necessary  to  prefix  a 
descriptive  list  of  the  plots  of  soil  represented,  showing  fully  the 
manurial  treatment  that  each  had  received  during  the  38  years  of 
continuous  barley  growing,  the  average  yield  in  grain  and  straw  for 
the  first  half  of  that  period,  for  the  second  half  and  for  the  whole 
period,  and  the  yield  in  the  year  (1890)  following  that  in  which  the 
soils  were  sampled.  These  data  are  transcribed  from  the  annual  state- 
ment of  experimental  results  issued  from  Rothamsted. 
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The  following  tables  show  the  results  of  the  determinations  of 
total  phosphoric  acid,  and  also  of  the  portion  of  phosphoric  acid  dis- 
solved by  the  1  per  cent,  solution  of  citric  acid,  expressed  as  pei*- 
centages  of  the  "fine,"  dry  soil,  and  also  as  (estimated)  lbs.  per 
acre : — 


Phosphoric  Acid  Determinations  in  Samples  of  Barley  Soils  frotn 
Hoos  Field,  Botham,sted. 


Maimre  applied  every  year  since  1852  (for 
quantities  see  pages  143  and  144). 


1  O.  No  manure 

2  O.  Superphosphate 

3  O.  Potash,  &c.  (no  phosphates) 

4  O.  Superphosphate,  potash,  &c 

1  A.  Ammonia  salts 

2  A.  Ditto  and  superphosphate 

3  A.  Ditto,  and  potash,  &c.  (no  phosphate) 

4  A.  Ditto,  superphosphate,  and  potash,  &c 

1  AA.  Nitrate  of  soda 

2  AA.  Ditto  and  superphosphate 

3  AA.  Ditto  and  potash,  &c.  (no  phosphates) 

4  AA.  Ditto,  superphosphate,  and  potash,  &c 

1  AAS.  Nitrate  of  soda  and  silicate  of  soda 

2  AAS.  Ditto,  ditto,  and  superphosphate 

3  AAS.  Ditto,  ditto,  and  potash,  &c.  (no  phosphates) 

4  AAS.  Ditto,  ditto,  superphosphate,  and  potash,  &c. 

1  C.  Rape-cake 

2  C.  Ditto  and  superphosphate 

3  C.  Ditto  and  potash,  &c.  (no  phosphates) 

4_C.  Ditto,  superphosphate  and  potash,  &c 

7'.  Farm  yard  manure  for  20  years,  unman ured  for 

last  18  years 

7^.  Farm-yard  manure  for  38  years 


Percentage  of  PoOj  in  fine 

soil,  calculated  on  dry 

state. 


P2O5  dissolved 

Total  PjOs. 

by  1  per  cent, 
solution  of 

citric  acid. 

0-099 

0  -0055 

0  182 

0  -01,63 

.    0-121 

0-0100 

0-189 

0  -053$ 

0-097 

0  -0060 

0-173 

0-0425 

0-102 

0-OOSl 

0-182 

0  0500 

0-104 

0-0067 

0-165 

0  0350 

0-104 

0-00S2 

0  179 

0  0475 

0-106 

00071 

0-180 

0-0475 

0-105 

00112 

0-169 

0  0479 

0-158 

0  -oi$7 

0-229 

0  0636 

0-152 

0  -0214 

0-203 

0  0563 

0-134 

0-0206 

0-176 

00447 
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Phosphoric  Acid. 

Percentage  results  calculated  into  lbs.  per  acre,  on  the  assumption  that  t'le 
amples  drawn  fairly  represented  the  soil  to  a  depth  of  9  inches. 


Manure  applied  every  year  since  1852 
(for  quantities  see  pages  143  and  144). 


Total  phosphoric 
acid. 


1  O.  No  manure 

2  O.  Superphosphate 

3  O.  Potash,  &c.  (no  phosphates) 

4  O.  Superphosphate,  potash,  &c 

1  A.  Ammonia  salts 

2  A.  Ditto  and  superphosphate 

3  A.  Dittoandpotash,&c.  (no  phosphates) 

4  A.  Ditto,  superphosphate,  and  potash, 

&c 

1  AA.  NH  rate  of  soda 

2  AA.  Ditto  and  superphosphate 

3  AA.  Ditto  and  potash,  &c.  (no  phos- 

phates)   

4  AA.  Ditto,  superphosphate,  and  pot- 

ash, &c 

1  AAS.  Nitrate  of  soda  and  silicate  of 

soda < 

2  AAS.  Ditto,  ditto,  and  superphosphate 

3  AAS.  Ditto,  ditto,  and  potash,  &c.  (no 

phosphates) 

4  AAS.  Ditto,  ditto,  superphosphate,  and 

potash,  &c 

1  C.  Rape-cake 

2  0.  Ditto  and  superphosphate 

3  C.  Ditto   and   potash,  &c.    (no   phos- 

phates)   

4  C.  Ditto,  superphosphate,  and  potash, 

&c 

7'.  Farm-yard  manure  for  20  years,  un- 

manured  last  18  years  . . 

7*.  Farm-yard  manure  for  38  years 


Phofij)horic  add 

soluble  in  1  per  cent. 

solution  of 

citric  acid. 


lbs.  per  acre. 
2503 
4601 
3059 

4778 

2452 
4373 
2579 

4602 

2629 
4171 

2629 

4525 

2680 
4550 

2654 

4272 

3731 

5408 

3590 

4794 


3332 
3669 


lbs.  per  acre, 

139 

1170 

253 

1360 

152 

1073 

205 

1264 

no 

909 

207 
1201 

ISO 
1201 

2§3 

1211 

442 
1503 

505 

1330 


512 
932 


Those  closely  interested  \va.  the  subject  will  scarcely  need  any 
guidance  for  the  study  of  these  tables.  Almost  every  one  of  the 
analytical  figures  possesses  an  interest  read  in  conjunction  with  the 
history  and  yield  of  its  own  plot,  and  correlated  with  the  data, 
historical  and  analytical,  of  other  plots. 

Although,  ho\^ever,  the  reader  having  suGBcient  interest  and  s^iflB- 
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cient  patience  to  thus  study  the  figures  in  detail  will  need  no  com- 
mentative  guidance,  some  of  the  results  may  be  summarised  for  the 
sake  of  those  who  care  only  to  learn  the  main  conclusions,  if  any,  to 
which  the  investigation  tends. 

In  the  next  table  are  four  averages  deduced  each  from  the  analyses 
of  four  plots,  viz.:  1(0,  A,  AA,  AAS),  3(0,  A,  AA,  AAS), 
4(0,  A,  AA,  AAS),  and  2(0,  A,  AA,  AAS). 
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It  will  be  seen  that  the  average  percentage  of  total  phosphoric 
acid  in  the  eight  plots  that  received  no  phosphates  is  0'106  per  cent., 
while  on  the  phosphatically  manured  plots  it  is  0*178  per  cent.  There 
is  here,  of  course,  a  difference  that  is  actually  great,  as  might  be 
expected;  seeing  that  during  the  38  years  of  experiment,  nearly 
500  lbs.  of  phosphoric  acid  per  acre  must  have  been  removed  from 
the  former  plots,  without  any  replacement  by  manuring,  while  the 
latter,  though  yielding  not  far  short  of  800  lbs.  of  phosphoric  acid, 
had  during  the  same  time  received  nearly  2500  lbs.  of  phosphoric 
acid  as  manure.  Roughly  speaking,  the  average  difference  to  be  ex- 
pected between  the  total  phosphoric  acid  left  in  the  phosphated  and 
non-phosphated  soils  would  be  somewhere  about  0*08  per  cent.,  the 
actual  average  difference  found  by  analysis  being  0"072. 

But  the  difference  between  0*105  per  cent,  and  0*178  per  cent., 
great  as  it  is,  would  have  told  us  practically  nothing  apart  from  the 
known  history  and  yield  of  the  plots.  The  difference  betweeii 
2500  lbs.  of  total  phosphoric  acid  and  4500  lbs.  of  total  phosphoric 
acid,  per  acre,  appears  to  be  immaterial  as  a  measure  of  present  fer- 
tility for  a  ci'op  that  only  requires  20  lbs.  per  annum  for  its  actual 
sustenance. 

The  average  percentage,  as  we  have  seen,  of  total  phosphoric  acid 
in  the  eight  plots  receiving  no  phosphates  was  0*106 ;  in  the  eight 
plots  receiving  phosphates,  0*178.  These  numbers  are  nearly  in  the 
ratio  1  :  1*7. 

Now,  however,  let  us  consider  the  percentages  of  phosphoric  acid 
soluble  in  the  1  per  cent,  solution  of  citric  acid. 

We  find  that  the  average  percentage  thus  found  in  the  eight  plots 
receiving  no  phosphates  was  0*0078  ;  in  the  eight  soils  that  received 
phosphates  it  was  0'0463.  These  percentages  are  in  the  ratio  of  nearly 
/  ;  6.  The  difference  in  the  percentages  of  phosphoric  acid  soluble  in 
■dilute  citric  acid  is  thus  comparatively  overwhelming. 

Further,  if  we  compare  the  four  plots  that  have  received  neither 
phosphoric  acid  nor  potash  with  those  that  have  received  potash,  soda . 
and  magnesia  salts,  without  phosphoric  acid,  we  find  that,  although 
the  total  phosphoric  acid  is  practically  identical  in  the  two  sets  of 
plots,  yet  the  four  plots  treated  with  alkaline  salts  have  half  as  much 
again  of  citric  acid  soluble  phosphate  as  the  others — in  fact  77  lbs. 
moie  per  acre.  Their  fertility  is  also  shown  to  have  been  greater, 
and  it  appears  not  impossible  that  this  may  have  been  in  some  degree 
due  to  the  solvent  chemical  action  of  the  soluble  alkaline  salts  on  the 
phosphates  of  the  soil. 

Again,  there  is  a  considerable  difference  between  the  average  citric 
acid  soluble  phosphoric  acid  of  the  four  completely  manured  plots 
and  that  of  those  which  received  phosphates  without  alkalis.     The 

u  2 
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former  have  170  lbs.  per  acre  more  of  such  soluble  phosplioric  acid 
than  have  the  latter,  although  their  fertility,  both  on  the  average  of 
years  and  in  the  last  yield  recorded,  is  higher.  It  would  almost 
appear  as  though  the  presence  of  the  alkaline  salts  here  again  exer- 
cised a  solvent  action. 

This  apparent  solvent  action  of  potash  and  soda  (?  and  magnesia) 
salts,  indicated  by  the  presence  of  more  citric  acid  soluble  phos- 
phoric acid,  is  suggested  not  only  by  the  average  results,  but  by 
detailed  examination  of  each  of  the  sets  of  plots  from  which  the  fore- 
going summary  was  averaged. 

Unfortunately  complete  mineral  analyses  have  not  been  made  of 
the  crops  grown  on  all  the  plots,  but  on  two  of  them,  viz..  Plots  2  A 
and  4  A,  complete  ash  analyses  have  been  made  of  the  whole  of  the 
grain  and  straw  grown  in  the  course  of  40  years.  Sir  Henry  Gilbert 
has  been  good  enough  to  supply  the  author  with  the  results  of  these 
analyses,  from  which  the  actual  gain  or  loss  per  acre  of  mineral  con- 
stituents can  be  calculated. 

The  crops  on  Plots  1  A  and  1  AA  have  also  been  analysed,  but  only 
for  the  last  20  years.  On  these  two  plots  the  total  mineral  losses  per 
acre  during  the  earlier  period  of  experiment  can  only  be  estimated. 
Tt  is  true  that  as  far  as  potash  is  concerned,  such  retrospective  esti- 
mates are  of  little  value,  but  the  phosphoric  acid  can  be  computed 
from  already  existing  figures,  with  a  fair  approach  to  certainty,  as  the 
percentage  of  phosphoric  acid  found  in  grain  and  in  straw  is  far  less- 
variable,  and  less  dependent  on  soil  and  manuring  than  that  of 
potash. 

The  following  table,  based  in  the  case  of  Plot  1  A  on  20  years' 
crop  analyses,  and  in  the  other  plots  on  a  complete  series  of  analyses,. 
is  particularly  interesting,  as  affording  an  actual  quantitative  illus- 
tn^tion  of  facts  which  have  been  already  considered,  but  only  in  the 
averages  of  many  plots,  and  by  the  aid  of  rough  estimates  : — 
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Sir  Henry  Gilbert  has  also  been  good  enough  to  sapply  the  author 
■with  samples  of  soil  from  Plot  2  A,  drawn  in  1882,  and  samples  from 
4  A,  drawn  in  1868  and  in  1882.  These  inclnde  not  only  samples  of  the 
surface  soil  (top  9  inches),  but  also  samples  of  the  second  and  third 
depths  of  9  inches  each.  No  samples  of  the  subsoil  were  drawn  in 
1889.  These  samples  have  been  analysed,  with  the  following  results 
(p.  153),  the  results  of  the  1889  samples  being  here  repeated  for  com- 
parison. 

The  total  phosphoric  acid  in  the  1882  sample  of  Plot  2  A  is  higher 
than  would  have  been  expected,  the  difference  of  0'003  per  cent, 
between  it  and  the  1889  sample  representing  an  accumulation 
between  1882  and  1889  of  only  76  lbs.  per  acre,  whereas  the  esti- 
mated accumulation  during  that  time  should  amount  to  378  lbs.  of 
phosphoric  acid  per  acre.  But  if  the  phosphoric  acid  soluble  in  1  per 
cent,  citric  acid  solution  in  the  two  samples  be  compared,  it  will  be 
found  that  there  is  an  increase  of  O'Ol  per  cent.,  representing  no  less 
than  253  lbs.  per  acre. 

The  figures  for  Plot  4  A  are  even  more  interesting.  The  difference 
between  the  total  phosphoric  acid  found  in  the  1868  sample  and  that 
found  in  the  1889  sample  is  0'035  per  cent.,  or  885  lbs.  per  acre.  The 
estimated  accumulation  of  phosphoric  acid  on  the  plot  is  about  950  lbs. 
per  acre.  Curiously  enough  the  1882  sample  seems,  as  in  the  case  of 
Plot  2  A,  to  be  unduly  rich  in  total  phosphoric  acid,  for  the  total 
phosphoric  acid  figures  indicate  an  accumulation  of  859  lbs.  between 
1868  and  1882,  and  of  only  25  lbs.  between  1882  and  1889,  the  esti- 
mated accumulations  being  600  lbs.  between  1868  and  1882,  and 
350  lbs.  between  1882  and  1889. 

The  citric  acid  soluble  results,  however,  are  more  consistent. 
Between  1868  and  1882  the  citric  acid  soluble  phosphoric  acid  rises 
from  00231  to  0-0334,  a  rise  of  0*0103  or  260  lbs.  per  acre  ;  while 
between  1882  and  1889  it  rises  from  0*0334  to  0-0500,  a  rise  of  0-0166 
or  420  lbs.  per  acre.  Between  1868  and  1889  the  weak  citric  acid 
solution  accounts  for  680  lbs.  out  of  the  accumulation  of  958  lbs. 
estimated  from  analyses  of  crops  and  the  composition  of  the  manures. 
The  subsoil  analyses  do  not  appear  to  suggest  that  the  cropping  or 
manuring  have  much  affected  the  subsoil  below  9  inches  from  the 
surface.  From  the  fact  that  so  liitle  citric  acid  soluble  phosphoric 
acid  is  found  in  the  subsoils,  even  on  these  very  abundantly  phos- 
phated  soils,  it  would  appear  that  the  superphosphate  applied  does 
not,  to  any  appreciable  extent,  sink  or  accumulate  in  the  subsoil. 
But  to  return  to  the  analyses  of  the  more  recent  samples. 
No  reference  has  yet  been  made  to  the  rape-cake  plots,  1,  2,  3,  and 
4C. 
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These,  as  might  be  expected  from  their  treatment,  are  far  richer 
in  phosphoric  acid  than  the  corresponding  plots  of  the  other  series, 
though  the  comparative  richness  is  brought  out  far  more  strikingly  in 
the  citric  acid  soluble  proportions  than  in  the  total  percentages. 

In  the  case  of  the  two  farm-yard  manure  plots  we  have  respectively 
0*134  per  cent,  and  0'176  per  cent,  of  total  phosphoric  acid.  Not  the 
most  experienced  chemist  could  venture,  with  no  information  but 
these  two  numbers  to  guide  him,  to  form  any  reliable  opinion  of  the 
comparative  phosphoric  acid  fertility  of  the  two  soils;  and  yet 
one,  after  20  years  of  dunging,  has  been  left  for  nearly  20  years 
unmanured,  while  the  other  has  been  dunged  on  year  by  year  until 
to-day.  When,  however,  we  compare  the  citric  acid  soluble  phosphoric 
acid,  we  find  that  the  one  plot  is  rather  more  than  twice  as  rich  as  the 
other.  Its  present  fertility,  too  (though  this  of  course  depends  also  on 
other  constituents  than  phosphoric  acid),  is  rather  more  than  twice  as 
great  as  that  of  the  other. 

Suggested  Conclusion  as  to  Phosphoric  Acid. 

From  a  careful  consideration  of  the  whole  of  the  results,  it  would 
perhaps  not  be  unreasonable  to  suggest  that,  when  a  soil  is  found  to 
contain  as  little  as  about  O'Oi  per  cent,  of  phosphoric  acid  soluble  in  a 
1  per  cent,  solution  of  citric  acid,  it  would  be  justifiable  to  assume  that 
it  stands  in  imm,ediate  need  of  phosphatic  manure. 


Potash  Results, 

The  next  tables  show  the  results  of  the  potash  determinations,  ex- 
pressed as  percentages,  as  in  the  case  of  the  phosphoric  acid  results, 
and  also  in  the  form  of  estimated  lbs.  per  acre  corresponding  to  those 
percentages. 

Like  the  phosphoric  acid  results,  they  are  interesting  to  examine, 
the  differences  between  the  potash  found  in  the  plots  manured  with 
potash  and  in  those  not  so  manured  being,  however,  even  more 
striking  if  we  regard  the  proportions  soluble  in  citric  acid. 
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Potash  Determinations  in  Samples  of  Barley  Soils  from  Boos  Field, 

Rotham-sted. 


Manure  applied  every  year  since 

1852  (for  quantities  see 

pages  143  and  144). 


Percentages  in  fine  soil  calculated  on 
dry  state. 


Total  potash  yielded 
by  acid  and  subse- 
quent lime  "  fusion  " 
of  the  undissolved 
siliceous  matter. 


1  O.  No  manure • 

2  O.  Superphosphate 

3  O.  Potash,  &c.  (no  phosphates). . 

4  O.  Superphosphates,  potash,  &c. 

1  A.  Ammonia  salts 


2  A. 

3  A. 

4  A. 


and      superphos- 
phate    

and   potash,    &c. 
(no  phosphate) 

superphosphate, 
and  potash,  &c. 


1  AA.  Nitrate  of  soda 

2  AA. 

3  AA.        „ 

4  AA. 


and  superphos- 
phate   

and  potash,  &c. 
(no  phosphates) 

superphosphate 
and  potash,  &c. 


1  A  AS.  Nitrate  of  soda  and  silicate  of 
soda 

2  AAS. 

3  AAS. 

4  AAS. 


and  superphos- 
phate   

and  potash,  &c. 
(no  phosphates) 
superphosphate 
and  potash,  &c 


1  C.  Rape-cake 

2  C.  „         and  superphosphate. .  . 

3  C.  „         and    potash,    &c.    (no 

phospliates) 

4  C.  „         superphosphate       and 

potash,  &c 


7^  Farm-yard   manure   for   20   years 

(unnianured  for  18  years) 

7-.  Farm-yard  manure  for  38  years  . . . 


1-448 
1-500 
1-695 
1-718 

1-418 

1-439 

1-568 

1-713 

1-293 

1-353 

1-396 

1-390 

1-423 

1-531 

1-574 

1-572 

1-384 
1-363 

1-504 

1-605 


1-603 
1-601 


Potash 

dissolved 

by  HCl 

only. 


0-183 
0-204 
0-318 
0-300 

0-267 

0-248 

0-257 

0-326 

0-136 

0-142 

0-239 

0-210 

0  193 

0-188 

0-230 

0-250 

0170 
0-194 

0-219 

0-238 


0-159 
0  167 


Potash 
dissolved  hy 
1  per  cent, 
solution  of 
citric  acid. 


0-0036 
0  0065 
0  0366 

0  0340 

0 '0020 
0-0023 
0-0407 
0  -029^ 
0  0030 
0-003S 
0  -0330 
0-0305 

00042 
0  0035 
0-0454 
0  -0210 
0  0019 

0  0079 

0 -0331 
0-0304 


0  '0135 
0-0321 
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Potash. 

Percentage  results  calculated  into  lbs.  per  acre,  on  the  assumption  that  the  samples 
drawn  fairly  represented  the  soil  to  a  depth  of  9  inches. 


Manure  applied  every  year 

since  1852  (for  quantities 

see  pages  143  and  144). 

Total  potash. 

Potash  dis- 
solved by  HCl. 

Potash  dissolved  hy 

a  Iper  cent,  solution 

of  citric  acid. 

1  0.  No  manure 

lbs.  per  acre. 
36,604 
37,918 

42,848 

43,429 

35,845 

36,376 

39,637 

43,301 

32,686 

34,203 

35,290 

35,138 

35,973 
38,701 
39,789 

39,738 
32,683 
32,187 
35,517 
37,902 

39,864 
33,374 

4626 
5157 

8039 

7584 

6750 

6269 

6497 

8242 

3438 

3589 

6041 

5309 

4879 
4752 
5814 

6320 
4014 
4581 
5172 
5620 

3954 
3481 

91 

2  0.  Sviperphosphate 

3  0.  Potash,  &c.  (no  phos- 

phates)  

165 
925 

4  O.  Superphosphate,    pot- 
ash, &c.  .............. 

859 

1  A,  Ammonia  salts 

2  A.  Ditto  and  superphos- 

phate  

50 

57 

3  A.  Ditto  and  potash,  &c. 

(no  phosphates). 

4  A.  Ditto,  superphosphate, 

and  potash,  &c 

1  AA.  Nitrate  of  soda 

2  AA.  Ditto  and  superphos- 

1029 

753 

126 

96 

3  AA.  Ditto  and  potash,  &c. 

(no  phosphates) 

4  AA.     Ditto,      superphos- 

phate, and  potash,  &c.  . 

1  A  AS.  Nitrate  of  soda  and 

silicate  of  soda 

2  AAS.  Ditto,     ditto,    and 

superphosphate  

3  AAS.  Ditto,  ditto,  and  pot- 

ash, &c.  (no  phosphates) 

4  AAS.  Ditto,  ditto,  super- 

phosphate and  potash, 
&c 

§$4 
771 

106 

§9 

1147 

6$3 

1§7 

2  C.  Ditto   and  superphos- 
phate •  • 

187 

3  C.  Ditto  and  potash,  &c. 

(no  phosphates) 

4  C.  Ditto,  superphosphate, 

and  potash,  &c 

7^  Farm-yard  manure   for 
20    years,   unmanured, 
last  18  years 

829 

71S 

336 

7^.  Farm-yard    manure   for 
38  years  

669 

For  brevity's  sake,  16  of  the  plots,  arranged  in  comparable  groups, 
have  been,  as  in  the  case  of  the  phosphoric  acid  results,  averaged. 
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The  total  potash  determinations,  as  might  be  expected,  are  devoid 
of  comparative  significance,  apart  from  a  priori  knowledge.  The 
total  potash  now  existing  in  the  eight  non-pofcash  plots  averages 
1*426  per  cent.;  in  the  potash  plots  1"578  per  cent.  These  numbers 
are  in  the  ratio  1  :  1'07.  The  hydrochloric  acid  soluble  potash 
averages  on  the  eight  non-potash  plots  0'195,  and  on  the  eight  potash 
plots  0*266.  These  numbers  are  in  the  ratio  1  :  1*36,  the  difference 
again  being  of  little  or  no  significance,  apart  from  a  priori  know- 
ledge, as  any  index  of  comparative  practical  poverty  or  richness  in 
potash. 

Now,  however,  let  us  turn  to  the  citric  acid  soluble  percentages. 
The  eight  non-potash  plots  average  0*0038  per  cent.,  while  the  eight 
potash  plots  average  0*0348.  These  numbers  are  in  the  ratio  1  :  9, 
the  difference  being,  as  in  the  case  of  the  phosphoi'ic  acid,  compara- 
tively overwhelDiing. 

The  difference  between  the  citric  acid  soluble  potash  in  the  four 
potash-manured  plots  that  have  had  no  phosphates  and  that  in  the 
four  potash-manured  plots  that  have  been  also  manured  with  phos- 
phates is  striking  and  interesting.  The  crops  on  the  former,  being 
gradually  starved  for  want  of  phosphoric  acid,  have  dwindled  down  to 
24|  bushels  of  barley  and  13^  cwts.  of  straw.  The  plots  fed  with 
phosphoric  acid  in  addition  to  potash  (and  nitrogen)  have  so  kept  up, 
that  the  crops  in  1890  still  averaged  38f  bushels  of  grain  and  19^  cwts. 
of  straw.  Consequently,  these  latter  plots  have  removed  more  potash 
in  the  course  of  39  years  than  the  former.  This  quantity  of  potash, 
being  unremoved  by  crops,  will  have  accumulated  in  the  soil.  On  the 
four  plots  in  which  it  has  so  accumulated  the  average  quantity  of  citric 
acid  soluble  potash  is  996  lbs.  per  acre ;  on  the  other  four  plots  it  is 
767  lbs.  Thus  there  is  a  difference  of  229  lbs.  of  citric  acid  soluble 
potash. 

On  the  rape-cake  plots,  which  are  not  included  in  the  average 
results  just  considered,  we  have,  as  would  naturally  be  expected, 
a  much  larger  quantity  of  citric  acid  soluble  potash  on  the  non-potash 
plots  than  on  the  corresponding  plots  in  the  various  series  receiving 
no  rape-cake,  rape-cake  itself  containing  an  appreciable  quantity  of 
pota.sh.  Here  again,  too,  the  plot  that  has  received  potash  without 
superphosphate  is  richer  in  citric  acid  soluble  potash  than  that  which 
has  had  superphosphate  in  addition  to  rape-cake  and  potash,  to  the 
extent  of  89  lbs.  per  acre.  The  latter  plot  has  yielded  larger  crops, 
which  will  have  removed  from  the  soil  much  more  potash  than  those 
produced  on  the  latter.  Much  of  the  difference  appears  as  accumulated 
citric  acid  soluble  potash. 

Tn  the  two  farm-yard  manure  plots,  one  of  which  was  dnnged  for 
nearly  20  years  and  unmanured  for  nearly  20  years,  while  the  other 
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has  been  dunged  every  year  throughout  the  whole  time,  the  per- 
centages of  potash  are  respectively  1'603  and  1-601.  Duplicate 
samples  of  the  same  soil  might  well  differ  to  such  an  extent  as  that, 
or  even  two  analyses  of  the  same  soil  as  ordinarily  carried  out.  The 
respective  hydrochloric  acid  soluble  percentages  0'159  and  0167, 
obtained  by  the  ordinary  mode  of  analysis,  are  also  to  be  regarded  as 
virtually  identical.  Certainly  they  convey  no  indication  of  difference 
in  fertility  or  condition.  But  when  we  examine  again  the  citric  acid 
soluble  percentages,  we  find  i-espectively  0-0135  per  cent,  and  0-0321 
per  cent.  The  continuously  dunged  plot  is  more  than  twice  as  rich 
as  the  other,  closely  corresponding  to  the  differences  indicated  also  in 
the  citric  acid  soluble  phosphoric  acid.  The  comparative  present 
fertility  of  the  two  plots,  as  has  been  already  pointed  out,  endorses  the 
indications  thus  furnished,  for  the  one  yields  now  more  than  twice  as 
much  produce  as  the  other. 

A  further  examination  of  the  figures  conveys  more  interesting' 
information. 

If  we  turn  back  to  the  table  indicating  the  treatment  and  yield  of 
each  plot  (pp.  143  and  144),  and  look  down  each  group  of  plots,  we  see 
that  in  the  O  group,  where  no  nitrogen  is  applied,  Plots  1  and  2  yield 
small  crops.  There  is  no  strain  on  the  natural  potash  resources  of 
the  soil ;  and  we  find  that  these  two  plots  are  about  twice  and  three 
times  as  rich  in  citric  acid  soluble  potash  as  are  the  corresponding' 
plots  of  the  next  (ammonia  salts)  group. 

In  this  (ammonia  salts)  group  we  get  valuable  information.  The 
yield  of  grain,  but  more  particularly  of  straw,  on  the  Plots  2A  and 
4A  shows  that  the  former  is  now  suffering  from  potash  starvation. 
On  analysis  its  soil  is  shown  to  contain  only  0*0023  per  cent,  of  citric 
acid  soluble  potash. 

On  comparing  the  yields  of  grain  and  straw  from  Plots  2AA  and 
4AA,  correspondingly  manured,  except  that  the  nitrate  of  soda  is 
used  as  a  source  of  nitrogen  instead  of  ammonia  salts,  we  do  not  find 
anything  like  the  same  appreciable  indications  of  potash  starvation 
in  the  plot  that  has  had  no  potash.  On  turning  to  the  analytical 
results,  we  see  that  this  plot  has  0*0038  per  cent,  of  citric  acid  soluble 
potash — nearly  twice  as  much  as  the  corresponding  ammonia  plot.  It 
seems  not  improbable  that  the  constant  dressings  of  nitrate  of  soda 
have  here  acted  as  a  solvent  of  the  natural  potash  of  the  soil. 

The  same  thing,  though  not  to  quite  the  same  extent,  is  noticeable 
on  comparing  the  corresponding  Plots  2  A  AS  and  4  A  AS,  which  have 
been  treated  with  nitrate  and  silicate  of  soda,  where  the  citric  acid 
soluble  potash  is  0'0035,  just  half  as  much  again  as  in  the  correspond- 
ing ammonia  plot. 

The  ash  analyses  of  the  Plots  2A  and  4A  supplied  to  the  author  hj 
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Sir  Henry  Gilbert,  and  already  referred  to  under  phosphoric  acid, 
enable  the  following  table  to  be  drawn  up. 

The  results  of  these  calculations  are  very  interesting,  showing  that 
of  the  estimated  accumulation  of  3027  lbs.  of  potash  per  acre  on 
Plot  4A,  1973  lbs. — i.e.,  about  two-thirds  of  the  total  estimated 
accumulation — is  actually  found  as  potash  soluble  in  hydrochloric 
acid,  while  696  lbs.,  or  about  one-foarth,  exists  in  a  form  soluble  in 
weak  citric  acid  solutions. 


Plot  2A. 

Ammonia  salts 

and 
superphosphate. 


Plot  4A. 

Ammonia  salts, 

superphosphate, 

potash,  soda,  and 

magnesia. 


Total  potasli 

Potash  soluble  in  HCl 

Potash  soluble  in  1  per  cent,  solution  of 

citric  acid 

Total  potash,  lbs.  per  acre 

Potash  soluble  in  H  CI,  lbs.  per  acre  . . . . 
Potash  soluble  in  1  per  cent,  solution  of 

citric  acid 

Barley  yield  in  38  years. .  ., 

Straw       „      „         „        

Barley     „    (yearly  average)  1886  to  1890 

Straw      „      „       ,,   

Estimated  removal  of  potash  in  38  years' 

crops  per  acre 

Potash  added  in  manure  in  38  years  per 

acre 

Estimated  loss  or  gain  of  potasli  per  acre 

Expected  difPerence  in  potash  per  acre 
between  the  2  plots . . 

Difference  found  by  analysis  in  potasli 
soluble  in  hydrochloric  acid 

Ditto,  ditto  citric  acid  soluble  potash  . . . 


1-439 
0-248 

0-0023 

36,376  lbs. 

6,269    „ 

57  ., 
1625  bushels 

912  cwts. 
32i  bushels 

17  cwts. 

984  lbs. 
-984  lbs. 


1-713 
0-326 

0  -0298 

43,301  lbs. 

8,242   „ 

753  „ 
1647  bushels 

980  cwts. 
36J  bushels. 

20|  cwts. 

2057  lbs. 

4100    „ 

+  2043    „ 


3027  lbs. 
(  =  0-120  per  cent,  on  dry  soil) 

1973  lbs. 
(  =  0-078  per  cent.) 

696  lbs. 
(  =  0-0275  percent.) 


The  surface  and  subsoil  samples  of  Plots  2A  and  4A  drawn  in 
1868  and  1882,  the  phosphoric  acid  contents  of  which  have  been 
already  discussed,  have  also  been  examined  as  regards  their  potash 
contents.  The  figures  obtained  from  the  different  samples  are  less 
consistent  than  the  phosphoi-ic  acid  figures,  but  it  must  be  remem- 
bered that  the  stock  of  natural  mineral  potash  in  these  soils  is  vast, 
and  evidently  unevenly  distributed,  so  that  errors  of  sampling  ax-e 
necessarily  greater  than  when  we  regard  phosphoric  acid. 
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Potash  is,  no  doubt,  one  of  the  constituents  of  soil  most  likely  to 
be  modified  and  rejidered  available  by  the  action  of  winter,  weather- 
ing, frost,  rain,  &c.  The  1889  samples  of  soil  were  all  drawn  in 
autumn,  just  after  the  barley  crop  had  withdrawn  its  yearly  share  of 
available  potash,  and  before  the  winter  had  done  its  work  in  pre- 
paring for  next  year's  crop  ;  so  that  it  is  difficult — more  difficult  than 
in  the  case  of  phosphoric  acid — to  draw  from  the  figures  any  fairly 
plausible  suggestion  as  to  what  percentage  limit  of  citric  acid  soluble 
potash  should  be  regarded  as  marking  the  non-necessity  of  special 
potash  applications.     Probably  this  limit  lies  below  0'005  per  cent. 

There  seems  good  reason  to  suppose  that  the  use  of  nitrate  of  soda 
(and  possibly,  to  some  extent,  of  superphosphate)  helps  to  bring 
about  by  its  solvent  action  on  a  part  of  the  main  stock  in  the  soil  a 
yearly  supply  of  available  potash.  Soda  salts  generally  were  found 
by  Voelcker  in  laboratory  experiments  to  dissolve  or  liberate  potash 
from  soil. 

In  two  sets  of  field  experiments  on  cabbages,  carried  out  by  the 
author  in  Sussex  and  Essex,  potash  salts,  as  an  addition  to  phosphatic 
manure  and  nitrate  of  soda,  produced  an  abundant  increase  ;  but  the 
substitution  of  common  salt  for  potash  salts  on  other  plots  answered 
just  as  well,  probably  owing  to  the  decomposing  action  of  the  salt  on 
the  compound  silicates  of  potash  existing  in  the  soil. 

The  soil  economy  of  potash  is  probably  more  complicated  than 
that  of  phosphoric  acid  and  needs  a  good  deal  of  farther  investi- 
gation. 


"Available"  Phosphoeic  Acid  in  Manures. 

After  what  has  been  said  incidentally  in  the  former  part  of  this 
paper,  it  is  not  necessary  to  say  much  more  by  way  of  preface  to 
some  experiments  (confirmatory  of  the  views  of  Stutzer)  now  to  be 
recorded.  They  appear  to  demonstrate,  in  more  detail  than  the  pub- 
lished figures  of  Stutzer,  the  uselessness  of  ammonium  citrate  as  a 
means  of  quantitatively  measuring  the  practical  value  of  commercial 
phosphates,  and,  on  the  other  hand,  to  further  establish  the  value  for 
such  a  purpose  of  a  weak  solution  of  citric  acid. 

In  the  following  experiments  with  ammonium  citrate,  200  c.c.  of 
the  solution  rendered  distinctly  ammoniacal  were  shaken  up  with 
2  grams  of  the  manure  or  material  to  be  tested,  in  a  stoppered  bottle, 
and  allowed  to  stand,  with  occasional  shaking,  for  three  days,  at  a 
temperature  of  10°  C.  to  18°  C. 

The  figures  indicate  the  quantity  of  phosphoric  acid  dissolved  by 
the  citrate /or  every  i 00  parts  of  phosphoric  acid  present. 
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Strength  of  ammoniacal  ammonium 
citrate  solution 


Canadian  apatite 

Spanish  phosphate 

Aruba  phosphate 

Belgian  phosphate 

Somme  phosphate 

Another  Somme  phosphate 

South  Carolina  phosphate 

Another  deposit  of  the  same    . .  . . 

Cambridge  coprolites 

Kaw  Redonda  (aluminium)  phos- 
phate  

Calcined  ditto,  ditto 

Bone  meal 

Boiled  bone  meal 

Steamed  bone  flour 

Basic  slag  or  cinder 

Peruvian  guano  (Pabellon  de  Pica) 
„  „  (Punta  de  Lobos). 
„  „  ( Lobos  deAfuera) 
„  „      (Huanillos) 

Fish  guano 


10  per 

cent. 


Per  cent. 

of  total 

P.O,. 


20  per 
cent. 


Per  cent, 
of  total 
P,0... 


76 
46 
87 
12 
71 
35 
45 
94 
25 

76 
74 
42 
75 
81 
58 
71 
43 
72 
73 
72 


30  per 
cent. 


Per  cent, 
of  total 
P,0,. 


40  per 
cent. 


Per  cent 
of  total 
P,0,. 


50  per 
cent. 


Percent, 
of  total 
P2O5. 
1 


In  the  citric  acid  experiments  from  05  to  10  gram  of  the  manure 
or  material  was  placed  in  a  bottle  with  200  c.c.  of  the  solvent,  and 
allowed  to  stand,  with  occasional  shaking,  for  three  days. 
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Citric  Acid  Experiments. 


Strength  of  citric  acid  iu 

solution 

0  -25  per  cent. 

0  -50  per  cent. 

1  -0  per  cent. 

Solvent       400 

Solvent        200 

Solvent       200 

Material "~    1 

Material  ~    1 

Material        1  * 

Per  cent,  of  total 

Per  cent,  of  total 

Per  cent,  of  total 

P2O5. 

P2O5. 

P2O5. 

Canadian  apatite 

12-59 

11-85 

15-81 

Spanish  phosphate 

9-31 

7-34 

10-73 

Aruba  phosphate 

26-06 

20-82 

29-99 

*Belgian  phosphate 

1-54 

1-75 

3-08 

Somme  phosphate 

22-93 

23-24 

30-36 

Another  ditto,  ditto 

16-31 

16-69 

30-51 

South  Carolina  phosphate 

29-62 

25-87 

38-06 

Another  deposit  of  same. . 

29-09 

26-82 

34-46 

Cambridge  coprolites  .... 

30-18 

22-21 

33-31 

Raw  Redonda  phosphate . 

7-12 

8-49 

9-21 

Calcined  ditto,  ditto 

8-36 

10-74 

16-06 

80  -80 
65-06 

91-17 
71-52 

100 -GO 

Steamed  bone  flour 

89-66 

Basic  slag  or  cinder 

47-44 

57-79 

72-84 

Peruvian  guano  : — 

Pabellon  de  Pica .... 

98-14 

91-29 

97-50 

Punta  de  Lobos 

66-19 

61  06 

76-67 

Lobos  de  Af  uera    ... 

72-31 

74-42 

87-23 

73-94 
100  00 

70-84 
89-07 

74-16 

91-46 

The  ammomum  citrate  results  appear  to  assign  comparatively  no 
value  to  ground  mineral  calcium  phosphates.  As  a  matter  of  fact  wq 
know  that  finely  ground  mineral  phosphates  do  afford  an  available, 
if  not  an  economical,  source  of  plant  food,  their  value  being  deter- 
mined mainly  by  fineness  of  grinding  and  specific  hardness. 

A  1  per  cent,  solution  of  citric  acid,  on  the  other  hand,  does  assign 
a  value — and  a  graduated  value — to  them.  Such  a  solution  dissolved 
only  (in  round  numbers)  11  per  cent,  of  the  phosphate  in  Spanish 
phosphate,  and  16  per  cent,  of  that  in  Canadian  apatite,  sho-wing  a 
low  degree  of  availability.  Softer  phosphates — Sommes,  Carolinas, 
and  coprolites — give  from  30  to  38  per  cent,  of  their  total  phosphoric 
acid,  indicating  a  greater  availability,  -which  accords  well  with 
practical  experience ;  while  ammonium  citrate,  on  the  other  hand, 
comparatively  speaking,  shows  scarcely  any  solubility.  Bone  meal 
shows  from  90  to  100  per  cent,  of  its  phosphoric  acid  soluble  in  1  per 
cent,  solution  of  citric  acid,  while  the  maximum  solubility  in  bones 


*  In  this  case,  no  doubt,  the  neutralisation  of  the  acid  by  carbonate  of  lime 
diminished  the  solubility. 
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to  strong  ammonium  citrate  only  rose  to  38,  and  sank  as  low  as  8 
when  only  a  10  per  cent,  solution  of  citrate  was  used.  Bone  meal  is 
generally  looked  upon  as  one  of  the  most  available  forms  of  undis- 
solved phosphatic  manure,  and  the  citric  acid  test  gives  results  which 
clearly  accord  with  experience.  Basic  cinder,  or  slag,  which  yielded 
67  per  cent,  of  its  phosphoric  acid  to  a  50  per  cent,  solution  of  am- 
monium citrate,  yielded  nearly  73  per  cent,  to  a  1  per  cent,  citric  acid 
solution.  Various  forms  of  Peruvian  guano  gave  up  from  74  to  97 
per  cent,  of  their  phosphoric  acid  to  the  citric  acid  solution,  but  only 
from  23  to  67  per  cent,  to  the  strongest  ammonium  citrate  solution. 
Fish  guano  yielded  91|^  per  cent,  of  its  phosphoric  acid  to  1  per 
cent,  citric  acid  solution  (and  100  per  cent,  to  a  larger  proportionate 
bulk  of  weaker  solution),  while  62  was  the  highest  proportion  yielded 
to  the  strongest  ammonium  citrate. 

In  all  these  experiments  the  materials  were  finely  ground — more 
finely  a  good  deal  than  in  Stutzer's  experiments — and  consequently 
the  solubilities  here  obtained  are  higher,  though  the  conclusions  are 
in  the  same  direction. 

P.  Wagner  {Chem.  Zeitung,  1886,  10)  objected  to  the  sugges- 
tions of  Tollens  and  Stutzer,  to  make  a  1  per  cent,  solution  of  citric 
acid  the  analytical  test  for  "  available  "  phosphate,  on  th<^  ground 
that  it  did  not  attack  phosphate  of  iron  and  alumina,  whereas  am- 
monium citrate  does.  This  contention  is  borne  out  by  a  comparison 
of  the  results  just  recorded  for  Redonda  (aluminium)  phosphate. 
This,  particularly  when  calcined,  is  freely  soluble  in  ammonium 
citrate  solution — to  the  extent  of  nearly  85  per  cent,  of  its  phosphoric 
acid — while  citric  acid  only  indicates  a  solubility  of  16  per  cent. 
Wagner  suggests  a  combination  of  the  two  tests,  viz.,  the  use  of  a 
solution  containing  per  litre  150  grams  of  citric  acid  neutralised 
with  ammonia  and  10  grams  of  citric  acid  in  the  free  state. 

This  suggestion  appears  to  be  objectionable,  because  the  object  is 
to  ascertain,  if  we  can,  what  proportion  of  the  phosphate  is  readily 
available  as  plant  food ;  and  if  the  use  of  citric  acid  has  any  mean- 
ing at  all,  it  lies  in  an  attempted  imitation  of  the  acidity  of  the  root 
sap  of  plants. 

That  strongly  alkaline  ammonium  citrate  estimates  the  quan- 
tity of  "precipitated,"  "reverted,"  or  "retrograde"  phosphate 
may  be  approximately  true,  though  the  experience  of  the  pre- 
sent author  is  at  variance  with  that  of  Lloyd  {Chem.  Soc.  Traru.^ 
1882,  308),  that  "an  ammoniacal  solution  of  ammonium  citrate,  no 
matter  what  may  be  its  strength,  whilst  capable  of  dissolving  pre- 
cipitated phosphate  of  lime,  does  not  act  either  upon  mineral 
phosphates  or  upon  bone  ash,  and  otdy  to  a  very  slight  extent  upon 
raw   hones:*'     The   experiments   described,  however,  in   the   present 

N  2 
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paper  were  made  with  a  much  larger  proportion  of  solvent  lo 
material  than  was  used  in  Lloyd's  experiments  and  possibly  on 
material  more  finely  ground. 

What  it  is  desirable  to  determine  is  readily  available  phosphate ; 
whether  "  reverted  "  or  not  is  of  no  consequence. 

Phosphoric  acid  soluble  in  water  is  beyond  all  doubt  much  more 
valuable  weight  for  weight  than  is  any  other  form,  however  available, 
since  it  is  immediately  diffusible.  Many  of  the  pot  experiments  made 
to  determine  the  relative  availability  of  different  forms  of  phosphate 
are,  no  doubt,  to  some  extent  misleading,  for  in  such  experiments 
the  manure  is  often  thoroughly  incorporated  by  hand  with  the  soil. 
In  actual  farming  the  manure  is  drilled  or  broadcasted  and  finally 
harrowed  over,  or  at  once  buried  by  the  plough.  For  its  further 
incorporation  with  the  soil  it  is  dependent  upon  the  action  of  rain. 
The  property  of  solubility  is,  therefore,  of  great  value  as  a  means  of 
diffusion,  although  in  any  soil  but  a  pure  sand  the  soluble  phosphoric 
acid  must  be  precipitated  or  fixed  long  before  most  of  it  functions 
as  actual  plant  food. 

"Soluble"  phosphate  will,  therefore,  probably  continue  to  com- 
mand a  higher  price  than  undissolved  phosphate,  however  "  assimil- 
able "  the  latter  ma  '  bp,  for  the  reason  that  it  goes  farther  as  an  im- 
mediate dressing.  But  the  "  insoluble "  phosphates,  as  the  undis- 
solved phosphates  are  usually  called  in  England,  must  be  of  variable 
value  according  to  tbeir  fineness  and  softness,  conditions  of  hydra- 
tion, &c.,  and  to  class  them  all  together  is  clearly  unreasonable,  how- 
ever convenient  to  the  analyst  or  however  in  accordance  with  English 
commercial  usage. 

The  use  of  ammonium  citrate  (the  reagent  ordinarily  employed  as 
a  means  of  diagnosing  the  condition  of  "  insoluble  "  phosphates),  being 
clearly  based  upon  wrong  principles,  should,  however,  be  abandoned, 
and  the  method  of  Tollens  and  Stutzer  adopted  in  its  place. 

Conclusion. 

A  1  per  cent,  citric  acid  solution  appears,  then,  to  give  indications 
fairly  bearing  out  the  manurial  properties  of  phosphatic  materials  as 
recognised  by  experience  in  the  field ;  it  approximates  fairly  well  to 
the  average  strength  of  the  natural  solvent  (root-sap)  used  by  the 
plant  itself;  and,  tested  by  the  results  it  gives  on  soils  of  known 
history  and  condition,  it  appears  likely  to  afford  a  not  unreliable 
means  of  gauging,  as  regards  the  available  "  mineral  "  constituents, 
the  probable  fertility  of  the  soil  itself. 

The  author  has   already  acknowledged  the   kindness  of  Messrs. 


THE  MOLECULAR  FORMULA  OF  LIQUIDS.  167 

Sutton  and  Sons,  of  Reading,  in  providing  him  with  pure  cultiva- 
tions of  the  various  grasses  used  for  determination  of  sap  acidity, 
and  he  would  here  also  acknowledge  the  valuable  help  rendered  to 
liim  in  the  laboratory  work  by  his  former  pupil  and  assistant,  Mr.  F. 
H.  Perry  Coste,  B.Sc,  and  by  his  present  assistants,  Mr.  James 
Nimmo,  F.I.C.,  Mr.  E.  H.  Roberts,  and  Mr.  C.  H.  Allan  Bennett. 

\_Note. — It  has  been  very  properly  pointed  out  to  the  author  that  in 
the  case  of  soils  containing  large  quantities  of  calcium  carbonate,  an 
additional  quantity  of  citric  acid,  corresponding  to  the  quantity  of 
calcium  cai'bonate,  might  reasonably  be  added  to  the  solution  of  citi-ic 
acid.— B.  D.] 


XVI. — The   Molecular   Formulce   of  some   Liquids,    as 

determined  by  their  Molecular  Surface  Energy. 

By  Emily  Aston,  B.Sc,  and  William  Ramsay,  Ph.D.,  F.R.S. 

In  continuation  of  researches  published  in  these  Transactions  (1893, 
63,  1089),  we  proceed  to  bring  under  the  notice  of  the  Society  ex- 
periments on  phenol,*  bromine,  nitric  and  sulphuric  acids,  and 
phosphorus.  It  has  been  our  object  to  select  liquids  which,  from 
their  behaviour  or  from  their  analogy  with  others  already  investi- 
gated, promised  to  show  a  higher  molecular  weight  than  that  ex- 
pressed by  their  ordinary  formulas.  It  would  have  been  interesting 
to  have  included  sulphur  in  our  list,  but  unfortunately  the  viscosity 
of  liquid  sulphur  at  temperatures  but  little  higher  than  its  melting 
point  precludes  observation  by  the  method  of  registering  ascent  in  a 
capillary  tube. 

It  may  be  well  here  to  recapitulate  briefly  that  the  variation  of 
surface  energy  with  temperature  is,  for  non-dissociating  liquids,  a 
rectilinear  function  of  the  temperature,  and  that  the  value  of  the 
differential  coefiicients  is,  on  the  average,  2' 121.     Hence,  for  a  normal 

or  monomolecnlar  liquid,  the  numerical  value  of  -jr,  or,  as  usually 

determined,  .,  _  .  =  2121,  approximately.  E  represents  mole- 
cular surface  energy,  or  7(Mv)*,  where  7  is  surface  tension;  M, 
gaseous  molecular  weight;  v,  specific  volume;  and  (Mr)',  molecular 
surface. 

If  the  value  of  M  has  been  wrongly  chosen,  a  coefficient  differing 
from,  and  less  than,  2-121  is  obtained.  In  calculating  the  true  value 
of  M,  it  has  been  assumed  that  the  principal  cause  of  variation  from 

*  The  experiments  on  phenol  were  made  in  conjunction  with  Dr.  J.  Shields. 
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this  general  mean  is  association,  and  that  the  association  (x)  varies 
only  slowly  with  temperature.  Let  M©  be  the  gaseous  molecular 
weight,  and  ;cMo  the  actual  molecular  weight  of  the  liquid  uuder  ex- 
periment,* then, 


xi^y(Movy  +   7(Moi;)^^  =  2-121, 
ai  at 


and 


ar^Ko  +  7(MotO^ 


lit 


=  2  121. 


rf-r? 


It  is  assumed  that  x^  =  "KjlLo,  and  <y(Mor)'.-7T-  is  neglected  as  too 

small  to  affect  the  result  considerably.  In  words,  it  is  assumed  that 
the  alteration  of  association  with  temperature  is  negligible.  It  may 
be  seen,  by  reference  to  the  memoir  on  molecular  surface  enei"gy 
(PMl.  Trans.,  184,  A,  655),  that  acetic  acid,  and  methyl  and  ethyl 
alcohols  do  not  exhibit  a  very  rapid  variation  of  association  with 
temperature,  and  we  therefore  regard  our  assumption  as  justified  for 
the  limits  of  temperature  within  which  we  determine  the  coefficients 
of  variation  of  molecular  surface  energy. 

In  accordance  with  what  has  been  said,  it  is  easy  to  calculate  thp 
molecular  weight  of  a  liquid  by  the  equation 


where  the  symbols  have  the  meanings  previously  attached  to  them. 

We  now  proceed  to  give  the  results  of  experiments. 
"  1.  Phenol. — The  sample  employed  was  colourless,  and  had  a  con- 
stant boiling  point.  We  have  taken  as  correct  the  densities  as 
determined  by  Kopp  (Annalen,  95,  312).  It  was  easy  to  keep  the 
substance  liquid  in  the  lower  narrow  tube,  which  held  the  lower  part 
or  stem  of  the  capillary  tube  (see  illustration,  loc.  cit.,  p.  1094),  by 
occasionally  warming  it  with  a  Bunsen  burner. 

Phenol  (r  =  0-01843  cm.). 


t. 

h. 

P- 

7- 

7(Mr)5. 

K. 

X. 

M. 

46-0 

cm. 
3-88 

1  -0497 

36-81 

736-9 

1-682 

1-42 

133  '5 

78-0 

3-64 

1  -0121 

33  32 

683  -1 

1-736 

1-35 

126-9 

131  -7 

3-19 

0  -9670 

27-90 

589-9 

1-899 

1-18 

110-9 

184-0 

2-70 

0  -9164 

22-39 

490  -6 

*  Where  the  expression  "  actual  molecular  weight  "  or  "  mean  molecular  weight" 
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The  molecular  weight  of  gaseous  phenol  is  94 ;  and  it  is  seen  that 
between  131'7°  and  184°,  the  value  is  rapidly  approaching  that 
number.  In  this  it  agrees  with  the  alcohols ;  and  as  it  has  been  pre- 
viously noticed  that  the  higher  the  molecular  weight  of  acids  and 
alcohols,  the  less  the  tendency  towards  association,  it  was  to  be  ex- 
pected that  a  substance  of  such  high  molecular  weight  as  phenol 
would  show  small  tendency  to  form  molecules  of  great  complexity. 
Experiment  has  shown  the  correctness  of  this  expectation. 

2.  Bromine. — The  difficulty  in  determining  accurately  the  capillary 
rise  of  bromine  is  that  its  opacity  prevents  accurate  reading  of  the 
level  of  the  lower  meniscus.  An  approximate  result,  however,  can 
be  found  by  reading  the  upper  edge  of  the  meniscus  ;  and  if,  as 
seems  probable,  the  height  of  this  meniscus  is  not  greatly  altered  by 
rise  of  temperature  from  10°  to  80°,  the  results  may  be  accepted  as 
approximating  to  truth. 

Bromine  (r  =  0*01046  cm.). 


t. 

h. 

P- 

7- 

7(M»)3. 

K. 

X. 

M. 

10°  6 

mm. 
2-490 

3-152 

dynes 

40-27 

ergs 
552  -08 

1-811 

1-267 

202-77 

46-0 

2-230 

3  031 

34-68 

487  -98 

1-928 

1-154 

184-59 

78-1 

1-972 

2-917 

29-51 

426-09 

The  densities  at  these  temperatures  were  calculated  from  Thorpe's 
determinations  (Trans.,  1880,  37,  173). 

If  it  be  supposed  that  the  capillary  rise  should  have  been  a  milli- 
metre more  in  each  case,  the  mean  molecular  weight  is  altered  only  to 
201-79,  and  183-15  instead  of  160,  that  of  Br2.  Hence  a  constant 
small  error  in  reading  would  have  little  influence  on  the  results.  Dr. 
E.  P.  Perman  showed  in  1890  (Proc.  Boy.  Soc,  48,  49),  that  even  at 
pressures  near  saturation,  and  at  15",  the  vapour  density  of  bromine 
is  normal ;  and  Paterno  and  Nasini,  in  1888,  found  that  in  aqueous 
and  in  acetic  acid  solutions  the  molecular  weight  corresponded  with 
Brj.  It  would  appear  that  even  in  the  liquid  state  most  of  the  mole- 
cules possess  that  formula ;  but  some  sign  of  association  with  fall  of 
temperature  appears  to  take  place. 

3.  Nitric  acid. — The  sample  of  acid  was  prepared  from  nitric  and 
sulphuric  acid  ;    it  was  then  mixed  with  phosphoric  anhydride,  and 

is  used,  it  is  not  to  be  understood  that  the  weight  in  question  is  that  of  a  definite 
molecule,  but  is  a  mean  result  due  to  the  fact  that  the  liquid  consists  of  molecules 
of  different  complexity.  For  example,  a  molecule  of  HjO  plus  a  molecule  of  118^4 
irould  have  a  mean  molecular  weight  of  45. 
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distilled  over  a  water  bath.  A  bulb  was  filled,  and  when  diluted  and 
titrated,  it  proved  to  contain  99*8  per  cent,  of  acid.  It  had  a  very 
pale  yellow  colour,  and  fumed  strongly  on  exposure  to  the  air. 

The  tube  was  filled  without  warming  the  aoid  by  exhausting  a 
large  globe  provided  with  a  stopcock,  and  attaching  the  neck  of  the 
latter  with  india-rubber  tubing  to  the  drawn-out  end  of  the  experi- 
mental tube  containing  somewhat  more  than  the  requisite  amount  of 
acid ;  on  opening  the  stopcock,  the  acid  evaporated  under  reduced 
pressure,  and  all  air  was  expelled  from  the  experimental  tube.  The 
tube  was  then  sealed.  The  acid  turned  much  darker  on  heating  to 
78°,  and  it  appeared  to  cpntain  some  nitric  peroxide,  but,  on  cooling, 
it  regained  its  original  pale  yellow  colour. 

Nitric  acid  (r  =  0'01192  cm.). 


t. 

h. 

P- 

7- 

7(Mv)S. 

K. 

X. 

a;  X  M. 

o 

11-6 

4-613 

1  -5304 

41-30 

492-3 

1-500 

1-681 

105-9 

46-2 

4-182 

1  -4696 

35-95 

440-4 

1-400 

1-864 

117-4 

78-2 

3-806 

1  -4133 

31-46 

395-6 

The  densities  were  determined  in  a  pyknometer  at  11-6°  and  at 
46-2°.  It  was  found  impossible  to  prevent  the  acid  from  boiling  at 
78-2°,  although  its  boiling  point  is  given  as  86°.  The  density  at 
78*2°  was,  therefore,  estimated  by  extrapolation.  The  results  show 
that  nitric  acid  in  the  liquid  state  has  a  molecular  weight  greater 
than  that  expressed  by  the  formula  HNO3,  and  probably  consists  of  a 
large  proportion  of  molecules  of  H2N2O6,  mixed  with  simple  mole- 
cules. 

4.  Sulphuric  acid. — Acid  of  composition  corresponding  to  the 
formula  H2SO4  is  unstable,  and  dissociates  on  warming  into  sulph- 
uric anhydride  and  oil  of  vitriol,  approximating  to  the  composition 
12H2S04,Il20.  It  was  this  acid  which  was  employed  for  the  experi- 
ments, and  analysis  showed  it  to  correspond  exact'y  to  the  above  formula. 
Its  expansion  was  determined  with  the  pyknometer  at  the  tempera- 
tures at  which  its  ascent  in  the  capillary  tube  was  measured.  In 
calculating  its  molecular  weight,  the  formula  weight  of  the  substance 
used  has  been  assumed  to  be  (H2S04,tVH20)  =  99-5  ;  but,  indeed, 
this  is  unnecessary,  as  the  equation  on  p.  168  permits  the  determina- 
tion of  molecular  weight,  M,  without  any  assumption.  The  acid  wets 
the  tube  easily  ;  it  was  sealed  after  warming  in  a  Sprengel  vacuum,  so 
as  to  expel  all  dissolved  gas.     It  was  not  viscous,  but  ascended  easily. 
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and  gave  concordant  readings.     The  results  are  given  in  the  annexed 
table. 

Sulphuric  acid  (r  =  0"01843  cm.). 


t. 

h. 

P- 

y- 

7(M«)S. 

K  from  curve. 

a:  X  M. 

10-2 

3-305 

1  -8493 

55-26 

787-6 

«  0  -209 
0-297 

46-4 

3-290 

1 -8135 

53-94 

778-8 

78-5 

3-283 

1 -7808 

52-86 

772-5 

32-3  X  99-5 

132-5 

3-275 

1 -7342 

51-35 

763-8 

184-6 

3-244 

1  -6874 

49-49 

749-7 

19  1  X  99-5 

0-599 

6-7  X  99-5 

237-7 

3-170 

]-6341 

46-84 

724-9 

1-072 

2-8  X  99-5 

281-0 

3-045 

1  -5912 

43  80 

690-1 

In  mapping  these  results,  it  is  obvious  that  the  first  four  values  of 
7(Mr)'  lie  on  a  straight  line  ;  the  mean  value  of  E-  read  from  the  line 
is  0'209,  and  the  molecular  weight  appears  to  correspond  to 
(112804)32.  Of  course  the  water  present  may  account  to  some  extent 
for  this  extraordinary  result,  but  we  are  disposed  to  regard  it  as 
true ;  for  what  is  termed  the  boiling  point  of  sulphuric  acid,  lying 
near  360",  is  in  reality  its  temperature  of  dissociation  under  atmo- 
spheric pressure  ;  its  true  boiling  point  must  lie  much  higher. 
Moreover,  the  existence  of  complex  sulphates  such  as  NaK5(S04)3 
implies  a  molecular  weight  corresponding  to  (112804)3.  It  is  also 
worthy  of  remark  that  sulphuric  acid  possesses  no  appreciable  vapour 
pressure  at  the  ordinary  temperature  ;  for  Johnson  found  {Chem.  News, 
68,  211)  that  no  sign  of  a  sulphate  could  be  detected  in  caustic  soda 
exposed  in  a  vacuum  desiccator,  containing  sulphuric  acid,  even  after 
a  month.  The  liquid  alloy  of  sodium  and  potassium  also  failed  to 
absorb  any  vapour  from  sulphuric  acid  after  exposure  for  the  same 
length  of  time.  Now,  under  similar  circumstances,  a  piece  of  gold 
leaf  exposed  to  mercury  vapour  would  have  been  heavily  amal- 
gamated. It  would  be  worth  while  making  similar  experiments  to 
detect  the  possible  volatility  of  such  metals  as  cadmium  and  zinc. 

The  small  decrease  of  capillary  rise  with  temperature  and  the 
corresponding  small  decrease  of  molecular  surface  energy  with  tem- 
perature are  highly  abnormal,  and  there  appears  no  escape  from  the 
conclusion  that  the  molecular  weight  of  liquid  sulphuric  acid  is  ex- 
ceedingly high. 


172  ASTON  AND   RAMSAY:  THE  MOLECULAR  FORMULA 

Above  130°,  however,  the  molecular  weight  shows  rapid  diminu- 
tion. This  may  be  due  to  one  or  to  both  of  two  causes,  to  the  disso- 
ciation of  such  compound  molecules,  or  to  the  partial  dissociation  of 
the  compound  into  sulphuric  anhydride  and  water.  The  method  of, 
experiment  does  not  allow  of  a  decision  ;  but  it  is  noticeable  that 
faint  fumes  begin  to  be  evolved  from  sulphuric  acid  at  about  130°, 
which  would  imply  the  latter  conclusion,  whether  the  former  conclu- 
sion is  true  or  not.  We  incline  to  ascribe  the  fall  of  molecular  weight 
to  both  causes  acting  in  concert. 

To  calculate  the  molecular  weight  directly  from  the  individual 
observations  is  in  this  case  not  satisfactory,  for  the  differences  in  h 
and  consequently  in  7  are  so  small  that  errors  of  experiment  tell  very 
distinctly.  But  taking  the  whole  range  from  10'2°  to  132'5°,  and 
calculating  the  molecular  weight  by  the  equation 

the  number  3620  is  obtained,  which  is  not  far  removed  from 
99*5  X  32.  But  the  other  method  is  better  adapted  to  eliminate 
error  in  this  instance  where  several  observations  have  been  made. 

5.  Phosphorus. — This  substance  gave  a  great  deal  of  trouble,  chiefly 
in  discovering  how  to  fill  the  tube.  The  phosphorus  was  first  dis- 
tilled in  a  current  of  carbon  dioxide  and  received  in  a  tube  similar  in 
form  to  the  experimental  tube,  but  having  its  narrow  portion  bent  at 
an  acute  angle,  and  sealed  to  the  experimental  tube  ;  a  constricted 
portion  between  the  two  tubes  was  plugged  tightly  with  glass  wool, 
yet  not  so  tightly  as  to  prevent  a  stream  of  dry  carbon  dioxide  from 
passing.  After  a  sutficient  quantity  had  distilled  over,  it  was  melted, 
and  passed  through  the  glass  wool  into  the  experimental  tube  as  a  limpid 
liquid  with  a  very  pale  yellowish  tinge.  The  phosphorus  was  then 
melted  away  from  the  constriction,  which  was  sealed.  The  Sprengel 
pump  having  been  filled  with  dry  carbon  dioxide,  the  upper  portion 
of  the  experimental  tube  was  constricted,  and  secured  to  the 
Sprengel  pump,  and  a  vacuum  was  made ;  the  phosphorus  was  then 
melted,  when  a  number  of  bubbles  appeared,  and  were  removed  by 
pumping.  It  was  at  first  thought  advisable  to  boil  the  phosphorus 
in  the  vacuum,  but  this  was  found  to  produce  some  red  phosphorus, 
and  in  later  experiments  the  temperature  was  not  raised  so  high  as  to 
cause  ebullition.  The  tube  was  then  sealed  at  the  constriction,  and 
jacketed  with  the  usual  vapours.  The  temperature  of  boiling  carbon 
bisulphide  is  too  little  removed  from  the  melting  point  of  phosphorus 
to  give  good  results ;  hence  higher  temperatures  were  chosen. 

Liquid  phosphorus  does  not  satisfactorily  wet  glass,  and  to  this  also 
many  of  our  dijficulties  are  to  be  ascribed.      It  was  only  by  sinking 
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the  capillary  tube  by  means  of  the  magnet  and  raising  it  quickly  that 
trustworthy  readings  were  obtained ;  after  standing  for  a  little,  the 
cohesion  between  the  phosphorus  and  the  glass  appeared  to  diminish. 
We  fear  that  it  cannot  be  said  that  the  angle  of  contact  between 
phosphorus  and  glass  is  zero,  as  in  the  case  of  the  other  liquids  in- 
vestigated ;  but  it  would  be  sufficient  for  our  purpose  if  the  angle  is 
not  materially  altered  within  the  limits  of  temperature  employed. 
However  this  may  be,  the  experiment  yields  a  probable  result,  for  the 
molecular  weight  found  corresponds  to  the  formula  P4,  as  shown  by 
the  following  table. 

Phosphorus  (r  =  001 708  cm.). 


t. 

A. 

P- 

7- 

y{M.v)i. 

K. 

X. 

X  X  M.. 

78-3 

3-00 

1-714 

43-09 

748-2 

2-205 

0-94 

117-0 

132-1 

2-55 

1-664 

35-56 

629-6 

The  molecular  weight  was  here  assumed  to  be  1*24,  or  31  X  4,  and 
we  think  that  the  difference  is  caused  by  experimental  error.  At  all 
events,  it  may  be  said  that  there  is  no  sign  of  association. 

In  conclusion,  it  may  be  well  to  mention  here  that  inasmuch  as 
jiitroethane  was  found  to  associate,  an  experiment  was  made  with 
chlm-opicrin,  C(N02)Cl3,  which  gave  normal  results.  The  liquid  is 
monomolecular. 

Our  results  show  that  phenol,  like  the  alcohols,  forms  complex 
molecules  in  the  liquid  state,  which  dissociate  on  rise  of  temperature ; 
that  bromine,  too,  is  somewhat  associated,  and  also  gives  simpler 
molecular  groupings  of  Br2  on  rise  of  temperature ;  that  nitric  acid 
consists  largely  of  molecular  groups  of  the  magnitude  (HNOs)^ ; 
that  sulphuric  acid  is  a  very  complex  substance  at  ordinary  tempera- 
ture, of  probably  not  lower  complexity  than  (H2SOi)32,  but  that 
above  182°  a  rapid  diminution  of  molecular  weight  is  noticeable  ;  and 
that  phosphorus  in  the  liquid  state  has  a  molecular  weight  equal  to 
that  of  its  gas,  P4. 

University  College, 

London. 


174 


XVII. — Contributions  to  our  Knowledge  of  the  Aconite 

Alkaloids.     VIII.   On  Picraconitine. 
By   Windham   R.   Dunstan,   M.A.,   F.R.S.,   and   E.    F.    Harrison, 

Demonstrator  in  the  Research  Laboratory  of  the  Pharmaceutical 

Society. 

Picraconitine  is  the  name  given  by  "Wright  {J.  Ghent.  Soc,  1877,  i,  148  ; 
Bee  also  Wright  and  Luff,  Trans.,  1878,  .332  and  336)  to  an  amorph- 
ous alkaloid  obtained  in  1874  by  T.  B.  Groves,  from  the  roots  of 
Aconitum  Napellus. 

The  composition  and  properties  of  the  substance  were  described  by 
Wright  {loc.  cit.)  in  1877.  The  free  base  is  stated  to  be  a  varnish, 
which  could  not  be  crystallised,  although,  when  dissolved  in  acids, 
crystalline  salts  were  produced.  The  compound  did  not  give  rise  to 
the  tingling  of  the  tongue  and  lips  which  is  so  characteristic  of 
aconitine,  but  both  the  base  and  its  salts  were  intensely  bitter ;  hence 
the  name  proposed  for  the  alkaloid.  It  was  found  not  to  be  toxic  in 
small  doses.  The  formula  C31H45NO10,  deduced  from  analyses  of  the 
base  and  its  salts,  differs  from  that  of  aconitine  in  containing 
2  atoms  less  of  carbon  and  oxygen  and  2  atoms  more  of  hydrogen ; 
Wright's  formula  for  aconitine  being  C33H43NO12.  The  hydrochloride 
of  the  base  was  represented  by  the  formula  CsiH^sNOio.HCljl^HjO, 
and  the  yellow,  sparingly  soluble,  amorphous  aurichloride  by  the 
formula  C3iH4,NOio,HCl,AuCl3.  The  actual  analytical  figures  agreed 
fairly  well  with  those  calculated  from  these  formulae.  When  heated 
with  strong  aqueous  alkalis,  picraconitine  was  hydrolysed,  yielding 
benzoic  acid  and  a  base  closely  resembling  aconine  ;  the  latter  was 
named  picraconine,  the  hydrolysis  being  represented  by  the  equation 
C31H45NO10  +  H2O  =  CvHeOz  +  C24H41NO9.  N"either  picraconine  nor 
a  ly  of  its  salts  could  be  crystallised.  Whilst  the  base  resembled 
aconine  in  its  chief  properties,  it  was  observed  to  be  rather  more 
soluble  in  ether  and  to  differ  from  it  in  composition  ;  the  analyses  of 
the  base  and  of  its  mercuro-iodide  agreeing  fairly  with  the  formula 
C24H41NO9,  which  contains  Hj  more  and  C2O2  less  than  the  formula 
for  aconine. 

Some  mystery  has  always  surrounded  this  alkaloid  on  account  of 
its  having  only  once  been  obtained  from  the  roots  of  A.  Napellus. 
Groves,  who  had  many  times  previously  extracted  the  total  alkaloids 
from  the  roots  of  this  plant,  had  not  before  obtained  any  such  sub- 
stance, and,  moreover,  neither  he  nor  Wright  were  able  to  obtain  it 
from  undoubtedly  genuine  specimens  of  A.  Napellus.  Later  observers, 
also,  have  failed  to  find  picraconitine,  and  the  suggestion  has  been 
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made  that,  in  all  probability,  it  was  derived  from  the  roots  of  some 
other  species  of  aconite  than  A.  Napellus,  which  were  present  in  the 
collection  on  which  Groves  originally  operated. 

After  reading-  Wright's  description  of  the  properties  of  picr- 
aconitine,  it  occurred  to  us  as  probable  that  it  might  be  isaconitine, 
which  we  have  shown  to  occur  in  A.  Napellus,  and  to  be  producible 
from  aconitine,  contaminated  with  a  small  proportion  of  other  base. 
All  the  properties  attributed  by  Wright  to  this  alkaloid  are  con- 
sistent with  this  view  as  to  its  nature,  the  presence  of  impurity  givino" 
rise  to  the  analytical  numbers  which  this  observer  recorded,  and  also 
to  the  slight  difference  he  noticed  between  aconine  and  picraconine. 
Moreover,  the  great  diflBculty  that  there  is  in  completely  purifying 
isaconitine  retdered  it  extremely  likely  that,  if  this  alkaloid  had  been 
isolated  it  would  not  have  received  sufficient  purification  to  make 
clear  its  real  nature  and  composition. 

It  was  obviously  not  at  all  easy  for  us  to  verify  this  hypothesis  as 
to  the  composition  of  picraconitine.  Dr.  Alder  Wright,  who  has 
rendered  considerable  assistance  to  our  enquiry  by  putting  authentic 
specimens  of  his  products  at  our  disposal,  was  unable  to  help  us  on 
this  occasion,  as  all  the  picraconitine  he  possessed  was  used  up  in 
making  the  analyse*  referred  to  above.  We  next  applied  to  Mr. 
T.  B.  Groves,  who  very  kindly  searched  his  collection  of  aconite  pro- 
ducts, and  most  fortunately  discovered  among  them  small  quantities 
of  picraconitine  salts,  which  he  was  good  enough  to  send  us  for  the 
purposes  of  examination.  One  specimen,  weighing  less  than  half  a 
gram,  was  labelled  "  Picraconitine  muriate  "  ;  the  other,  of  which  there 
was  a  similar  quantity,  was  labelled  "  Picraconitine  nitrate."  The 
•picraconitine  hydrochloride  was  a  whitish  powder,  having  a  very  bitter 
taste,  and  producing  scarcely  any  tingling  sensation  on  the  tongue 
and  lips ;  it  melted  somewhat  indefinitely  near  212°,  and  on  decom- 
posing a  portion  of  it  with  ammonia  a  base  was  obtained  soluble 
in  ether,  and  presenting  the  appearance  of  a  varnish  which  refused  to 
crystallise.  The  salt  was  recrystallised  from  hot  water  in  the  manner 
described  in  a  previous  paper  in  connection  with  the  purification  of 
isaconitine  hydrochloride  ;  as,  however,  the  crystals  still  melted  at 
rather  a  lower  temperature  than  the  pure  isaconitine  salt,  they  were 
again  recrystallised  from  a  mixture  of  alcohol  and  ether,  from  which 
they  separated  quite  characteristically.  The  crystals  now  melted 
at  the  same  temperature  as  isaconitine  hydrochloride,  with  which 
they  corresponded  in  every  respect. 

The  specimen  of  picraconitine  nitrate  was  slightly  yellowish,  and 
melted  near  170°.  On  recrystallisation  from  water,  it  separated 
as  a  white,  crystalline  powder,  which  melted  indefinitely,  with 
decomposition,  near  212°.     The  addition  of  ammonia  to  an  aqueous 
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solution  of  the  salt  precipitated  the  base  in  white  flocks,  which 
dissolved  in  ether  and  remained  as  an  uncrjstallisable  varnish 
on  evaporating  the  solvent.  The  base  thus  obtained  was  converted 
into  hydrochloride,  and,  like  isaconitine  hydrochloride,  the  salt 
separated  from  a  hot  solution  during  evaporation ;  in  order  to  com- 
pletely purify  the  salt,  it  was  several  times  recrystallised  from  a  mix- 
ture of  alcohol  and  ether,  when  it  appeared  as  rosettes  of  silky 
needles,  which  finally  melted  at  the  same  temperature  as  pure  isacon- 
itine hydrochloride,  217°. 

There  was  thus  little  room  for  doubt  that  we  were  dealing  with 
a  salt  of  the  alkaloid  we  have  previously  described  under  the  name  of 
isaconitine.  As  a  small  quantity  of  material  remained,  it  was  decided, 
in  order  to  make  the  proof  conclusive,  to  prepare  the  very  charac- 
teristic aurichlor-derivative  of  isaconitine,  C33H44(AuCl2)NOi2.  The 
addition  of  a  solution  of  auric  chloride  to  a  solution  of  the  hydro- 
chloride produced  a  pale  yellow,  amorphous  precipitate,  which  was 
dissolved  in  warm  absolute  alcohol  and  the  solution  allowed  to  stand. 
No  crystalline  aurichloride  separated.  Ether  was  now  added  to  the 
solution  and  the  mixture  kept  for  a  day  in  a  stoppered  bottle  ;  small, 
colourless  crystals  gradually  separated,  and  these  melted  at  the  same 
temperature  as  pure  aurichlorisaconitine,  namely,  at  204°. 

These  observations  prove  that  "  picraconitine  "  is  only  impure  is- 
aconitine, and  that,  therefore,  this  name  can  no  longer  be  employed  to 
designate  an  alkaloidal  constituent  of  Aconitum  Napellus. 

Research  Laboratory, 

Pharmaceutical  Society,  London. 


X^^Iil. — Contributions  to  our  Knowledge  of  the  Aconite 
Alkaloids.     Part  IX.   The  Effect  of  Heat  on  Acon- 
itine   and   some   of  its  Derivatives .     Formation  of 
Pyraconitine. 
By  Wyndham  R.  Dunstan,  M.A.,  F.R.S.,  and  Francis  H.  Carr,  Assis- 
tant Demonstrator  in  the  Research  Laboratory  of  the  Pharma- 
ceutical Society. 

In  Part  I  of  these  contributions,  the  observation  was  recorded  that 
when  aconitine  is  heated  at  its  melting  point,  188 — 189°,  a  volatile 
compound  escapes,  the  alkaloid  losing  about  10  per  cent,  in  weight. 
At  first  it  was  conjectured  that  this  might  be  due  to  the  loss  of" 
benzoic  anhydride  and  the  formation  of  aconine.  Further  investiga- 
tion has   shown,  however,  that  the  decomposition  is   of  a    wholly 
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different  kind,  and  that  a  new  alkaloid  is  produced  which,  having 
regard  to  its  mode  of  origin,  we  propose  to  name  pyraconitine. 

By  heating  in  a  paraffin  bath  a  weighed  quantity  of  pure  aconitine 
at  its  melting  point  (189 — 190°),  the  alkaloid  being  contained  in  a 
small  bulb-tube,  having  a  small  U-tube  sealed  on  so  as  to  act  as  a 
condenser,  it  was  ascertained  that  acetic  acid  distilled  over.  By  con- 
ducting the  last  stage  of  this  operation  in  a  slow  current  of  air,  it  was 
proved,  by  titrating  the  distillate  with  standard  alkali,  that  9"28 
per  cent,  of  the  acid  is  given  off  from  the  alkaloid  ;  the  loss,  deter- 
mined by  weighing  the  residue,  is  represented  by  almost  the  same 
percentage,  namely  9'96 ;  weight  of  aconitine,  1*5079 ;  weight  of 
residue,  1"3577  =  9'96  per  cent.  The  loss  of  1  molecular  proportion 
of  acetic  acid  by  1  molecular  proportion  of  aconitine  corresponds  with 
9"27  per  cent.,  a  number  which  is  in  close  agreement  with  the  experi- 
mental results.  A  minute  quantity  of  benzoic  acid  also  passes  over, 
but  the  amount  is  almost  inappreciable  if  the  temperature  is  not 
allowed  to  rise  during  the  experiment.  The  identity  of  the  acetic 
acid  was  conclusively  proved  by  converting  it  into  the  silver  salt  and 
submitting  this  to  analysis.  Silver  salt,  0'1722  gram  ;  silver,  0'1112 
gram  =  64"58  per  cent.  Calculated  for  silver  acetate,  64*66  per 
cent. 

The  production  of  acetic  acid  from  aconitine  was  not  to  be  inferred 
from  previous  knowledge  of  the  properties  of  this  alkaloid.  Wright 
has  stated  that  benzoic  acid  is  the  only  acid  formed  when  aconitine 
is  hydrolysed.  This  benzoic  acid  which  so  readily  separates  on 
hydrolysis  is  not  detached  from  aconitine  when  it  is  heated  at  its 
melting  point.  There  is  no  doubt  that  aconitine  contains  one  benzoyl 
group,  and  that  the  acetic  acid  is  derived  from  an  acetyl  group.  Further 
investigation  has  shown  that  aconitine  must  be  regarded  as  acefyl- 
henzoylaconine,  and  our  so-called  "  isaconitine  "  as  benzoylaconine ; 
for  we  shall  prove  in  our  next  paper  that  one  molecular  proporr 
tion  of  acetic  acid  separates  when  the  one  alkaloid  changes  into  the 
other,  and  also  when  aconitine  is  hydrolysed. 

Composition  and  Properties  of  Pyraconitine. 

The  dark-coloured  alkaloidal  residue  remaining  after  the  distilliation 
was  dissolved  in  dilute  sulphuric  acid  and  the  solution  filtered ; 
dilute  ammonia  was  then  added  in  slight  excess,  and  the  liquid 
.extracted  several  times  with  ether.  The  alkaloid  was  removed 
from  the  ethereal  solution  by  shaking  it  with  very  dilute  hydrobromic 
acid,  and  the  acid  liquid  precipitated  in  fractions  by  the  addition  of 
dilute  ammonia  in  order  to  remove  the  brown  colouring  matter,  wliich 
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accumnlated  in  the  first  and  second  precipitates  ;  excess  of  ammonia 
was  then  added  to  the  colourless  solution,  and  the  alkaloid  extracted 
■with  ether.  When  the  dry  ethereal  solution  was  spontaneously 
evaporated,  it  left  a  varnish-like  residue  of  base  which  refused  to 
crystallise  ;  it  was  therefore  dissolved  in  dilute  hydrobromic  acid, 
and  the  neutral  liquid  slowly  evaporated  in  a  desiccator.  'No  crystal- 
line salt  separated.  The  dry  residue  was  next  dissolved  in  absolute 
alcohol,  and  the  clear  solution  mixed  with  anhydrous  ether  until  it 
became  slightly  turbid.  The  small,  white  crystals  of  the  hydrobro- 
mide  which  separated  from  this  mixture  melted  at  280°,  and  still 
melted  at  the  same  temperature  after  recrystallisafion.  On  adding 
soda  in  slight  excess  to  the  solution  of  the  pure  salt,  and  extracting 
with  ether,  white  slender  needles  (m.  p.  1675°  corr.)  of  thp  base  were 
obtained  by  the  slow  evaporation  of  the  ethereal  solution.  The  crystals 
are  sparingly  soluble  in  water,  but  readily  in  alcohol,  chloroform,  and 
ether.  The  aqueous  solution  is  slightly  bitter,  but  with  a  somewhat 
burning  after-taste.  The  solution  in  anhydrous  alcohol  is  without 
action  on  polarised  light ;  althousrh  some  specimens  examined,  probably 
not  quite  pure,  exerted  a  feeble  dextrorotation,  and  others  a  feeble 
leevorotation.  The  base  readily  dissolves  in  acids,  forming  Falts  which 
are  difficult  to  obtain  well  crystallised  from  an  aqueous  solution,  but 
separate  in  well-defined  crystals  from  solution  in  a  mixture  of  anhy- 
drous alcohol  and  ether. 

Pyracomtine  hydrnhromide  C3iH4iN'Oio,HBr  separates  in  anhydrous 
crystals  from  a  mixture  of  alcohol  and   ether,  and  melts  at   280 
(corr.).     It  is  soluble  in  water  and  in  alcohol. 

0-2289  of  salt  gave  0-0624  AeBr.     Br  =  11-6. 

CsiHiiN'OioHBr  requires  Br  =  11-97  per  cent. 

On  some  occasions  crystals  of  this  salt,  possibly  hydrafed.  have 
been  obtained,  meltinsr  at  204°.  When  burned  in  a  stream  of  oxygen, 
the  salt  furnished  the  following  data. 

01452  gave  0  2975  COj  and  0-08349  H,0.     C  =  5587  ;  H  =  6-.S8. 
0-1314     „     0-2685     ,.      „    0-0731       „         C  =  55-72 ;  H  =  618. 
Calculated  for  C„H4,NO,o,HBr.     C  =  5569  ;  H  =  628  per  cent. 
„    CsiHasNOjcHBr.     C  =  55-85  ;  H  =  6-0 

Of  the  two  probable  formulae  for  aconitine  (Part  I),  namely, 
C33H,aNOi2  and  C33H45NOi2,  these  analyses  agree  better,  perhaps,  with 
the  formula  for  pyraconitine  derived  from  C3iH?»NOio.  However,  until 
more  decisive  evidence  has  been  obtained  on  this  point  we  shall  retain 
the  formula  C^iHjiNOio. 

The  equation  representing  the  prodaction  of  pyraconitine  from 
aconitine  is  therefore 
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C33H45NO12      =      CjH^Oj      +      C3,H4:NOio 
Aconitine.  Acetic  acid.  Pyraconitine, 

Pyraconitine   hydrobromide  is  IsBvorotatory.     A  determination  of 
tliis  specific  rotation  in  aqueous  solution  gave  the  following  result. 
,  a[15°]  =  -2° ;  Z  =  2  dcm. ;  c  =  2-1364, 

Pyraconitme  hydrochloride,  CsiH^NOuoHCl,  crystallises  in  rosettes 
from  a  mixture  of  alcohol  and  ether.     It  melts  at  248 "To"  (corr.). 

Pyraconitine  hydriodide,  C3iH4iNOio,HI,  also  crystallises  from  a 
mixture  of  alcohol  and  ether  in  colourless  rosettes,  which  are  apt  to 
become  yellowish  on  standing.  They  melt  sharply  at  220'5°  (corr.), 
and  can  be  crystallised  (in  prisms)  from  aqueous  solution  more 
readily  than  the  hydrochloride  or  hydrobromide. 

The  salts  of  pyraconitine  are  somewhat  bitter,  and  are  apparently 
not  toxic  in  small  doses.  The  exact  physiological  action  of  this 
alkaloid  is  being  investigated  by  Professor  Cash,  P.R.S. 

Pyraconitine  aurichloride,  C3iH4i]S'Oio,HAuCl4,  is  thrown  down  as  a 
pale  yellow  precipitate,  when  auric  chloride  is  added  to  a  solution  of 
the  hydrochloride ;  all  attempts  to  crystallise  this  salt  have  hitherto 
failed.  Experiments  have  been  made  with  the  view  of  preparing  an 
aurichlor-derivative  from  it  similar  to  that  producible  in  the  case  of 
isaconitine,  but  the  pyraconitine  compound  exhibits  no  tendency  to 
form  such  a  derivative. 

Hydrolysis  of  Pyraconitine. 

Pyraconitine  and  its  salts  readily  undergo  hydrolysis  when  heated 
with  water  and  acids,  or  when  allowed  to  remain  in  contact  with 
fixed  alkalis.  When  soda  is  added  to  an  aqueous  solution  of  a  salt 
of  pyraconitine,  the  alkaloid  is  thrown  down  in  white  flocks,  which 
gradually  dissolve  if  excess  of  alkali  is  added,  owing  to  the  rapidity 
with  which  hydrolysis  occurs ;  nothing  is  obtained  from  the  solution 
on  distillation,  but  ether  extracts  from  it  an  alkaloid  pyraconine, 
which  remains  as  an  uncrystallisable  varnish  when  the  ether  is 
evaporated.  The  residual  alkaline  solution  furnishes  benzoic  add 
when  acidified,  but  no  other  acid  product ;  by  estimating  this,  it  has 
been  found  that  the  benzoic  acid  produced  amounts  to  17-91  per 
cent,  of  the  pyraconitine.     The  amount  calculated  from  the  equation 

CaiHiiNOio  +   H2O   =      CHeOz     +      CmH^NO, 
Pyraconitine.  Benzoic  acid.  Pyraconine. 

is  18-26  per  cent.     It  therefore  appears  that  the  benzoyl  group  of 
aconitine  is  present  in  pyraconitine,  which,  like  aconitine,  undergoes 
VOL.  Lxv,  0 
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hydrolysis,  losing  its  benzoyl  group  as  benzoic  acid,  and  furnishing  a 
new  base  which  it  will  be  convenient,  following  the  analogy  of  acon- 
itine,  to  name  pyraconine. 

Composition  and  Properties  of  Pyraconine, 

Pyraconine  is  an  amorphous  base  resembling  aconine  in  its  proper- 
ties. It  is  readily  soluble  in  water  and  also  in  ether  :  in  the  latter 
respect  it  differs  from  aconine.  The  aqueous  solution  has  a  somewhat 
sweet  taste,  and  is  Isevorotatory.  A  determination  of  the  specific 
rotation  gave  the  following  data. 

a[15°]  =  -2-04°;  I  =  2  dcm. ;  c  =  1-121, 
,  2-04   X   100         r    n  nn.ono 

whence  ^.^^i  ^  2    "^  '^^^"  ^  -90-99  . 

Pyraconine  combines  with  acids,  forming  salts  which  are  very 
Boluble  in  water.  They  crystallise  more  or  less  readily  from  their 
aqueous  solutions,  but  are  more  easily  obtained  in  well-defined 
crystals  from  a  mixture  of  alcohol  and  ether. 

Pyraconine  hydrochloride,  C24H37N09,HC1,  crystallises  in  cubes  with 
IH2O,  which  is  lost  at  100°.  They  melt  at  154°  (corr.),  and  are  very 
soluble  both  in  alcohol  and  in  water.  The  aqueous  solution  is  laevo- 
rotatory.  In  determining  the  specific  rotation  the  following  results 
were  obtained. 

a[15°]  =  -4-4°;  I  =  2  dcm. ;  c  =  1-9595, 

-^'""^  tId^  =  ["]"  =  -'°'-''- 

Unlike  aconitine,  isaconitine,  and  aconine,  the  specific  rotation  of 
pyraconine  and  its  salts  have  the  same  sign,  both  are  laevorotatory. 

This  salt  was  burned  for  the  determination  of  the  carbon  and 
hydrogen,  and  the  water  and  chlorine  were  also  estimated,  with  the 
following  results. 

0-1266  gave  0-2462  CO2  and  0-0881  H^O.     C  =  53-03  ;  H  =  7-73. 
0-1097     „    0-2154    „      „    0-078      „         C  =  53-55 ;  H  =  7-9. 
0-2924  lost  0-0087  of  water.     H^O  =  2-97. 
0-2887  gave  00756  AgCl.     CI  =  6-57. 
C84H37N09,HC1,H20  requires  C  =  5359;  H  =  7*44;  H2O  =  337; 
CI  =  6-58  per  cent. 

Pyraconine  aurichloride,  C24H37N09,HAuCl4,  is  thrown  down  as  a 
yellow,  amorphous  precipitate,  which  quickly  aggregates  to  a  sticky 
mass,  when  auric  chloride  is  added  to  a  strong  solution  of  pyraconine 
hydrochloride.  If  this  salt  crystallises  at  all,  it  does  so  only  with 
great  difficulty.     Crystals  have  only  once  been  obtained,  and  then 
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not  in  quantity  sufficient  to  enable  us  to  ascertain  that  they  con- 
sisted of  the  aurichloride.  As  a  rule,  it  separates  from,  solvents  as 
an  oil. 

From  the  observations  recorded  in  the  foregoing  account,  it  will  be 
seen  that  pyraconitine  bears  little  resemblance  to  aconitine,  but  ex- 
hibits some  affinities  with  isaconitine  ;  the  salts  of  pyraconitine,  how- 
ever, melt  as  a  rule  at  lower  temperatures,  and  show  greater  rotatory- 
power,  than  those  of  isaconitine.  Moreover,  pyraconitine  does  not 
possess  the  peculiar  property  of  forming  an  aurichlor-derivative  so 
characteristic  of  isaconitine. 

Pyraconine,  the  product  of  the  hydrolysis  of  pyraconitine,  some- 
what closely  resembles  aconine,  the  hydrolytic  product  of  both  acon- 
itine and  isaconitine.  It  differs  from  aconine,  however,  in  several 
respects,  notably  in  its  rotatory  power,  and  that  of  its  salts,  as  well  as 
in  its  solubility  in  ether. 

Action  of  Heat  on  Aconitine  Salts. — We  find  that  the  salts  of  acon- 
itine, like  aconitine  itself,  lose  acetic  acid  when  they  are  heated  at 
about  190°.  The  acetate  of  aconitine  requires  rather  a  higher  temper- 
ature for  its  decomposition,  acetic  acid  not  being  evolved  until  the 
salt  has  been  heated  to  a  temperature  of  nearly  198°. 

Action  of  Heat  on  Isaconitine. — Having  fully  made  out  the  mode 
of  action  of  heat  on  aconitine,  it  became  of  considerable  interest 
to  ascertain  how  far  isaconitine  resembled  it  in  this  respect. 
About  1  gram  of  the  pure  colourless  amorphous  base  was  gradually 
heated  in  a  paraffin  bath.  At  115",  the  alkaloid  fused  to  a 
clear  liquid,  which  underwent  nothing  more  than  a  darkening  in 
colour  on  raising  the  temperature  to  about  200° ;  slightly  above  this 
decomposition  set  in,  attended  with  effervescence,  and  a  colourless 
liquid  distilled,  consisting  chiefly  of  water ;  no  acetic  acid  was 
obtained,  in  fact,  the  distillate  was  not  acid  to  test-paper.  A 
further  important  constitutional  difference  between  aconitine  and 
isaconitine  is  thus  brought  to  light,  which  is  explained  by  the  results 
recorded  in  a  subsequent  paper. 

Action  of  Heat  on  Aconine. — As  the  usual  formula  of  aconine, 
C26H41NOU,  differs  from  that  of  pyraconine,  C24H37NO9,  by  the 
elements  of  acetic  acid,  C2H4O2,  and,  moreover,  as,  according  to 
"Wright,  only  aconine  and  benzoic  acid  are  obtained  by  the  hydro- 
lysis of  aconitine,  aconine  when  heated  should  lose  acetic  acid  and 
furnish  pyraconine,  for  we  have  shown  that  aconitine  when  heated 
loses  acetic  acid  forming  pyraconitine,  which,  on  hydrolysis,  loses 
benzoic  acid  producing  pyraconine.  When  pure  dry  aconine  is  gradu- 
ally heated  in  a  paraffin  bath,  it  fuses  to  a  clear  liquid  at  120°;  as  soon 
as  the  temperature  has  risen  to  190°,  the  liquid  darkens,  and  at  a 
somewhat  higher  temperature  begins  to  effervesce,  the  vapours  evolved 
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condensing  in  the  receiver  to  a  coloui'less  liquid.  On  examination, 
this  was  fonnd  to  be  chiefly  water ;  no  acetic  acid  was  present,  the 
liquid  not  being  acid  to  test-paper.  By  weighing  the  dark-coloured 
residue  of  alkaloid  it  was  ascertained  that  the  aconine  had  lost  nearly 
10  per  cent,  in  weight ;  this  residue,  when  heated  at  about  250°, 
decomposed  completely.  The  fact  that  aconine  does  not  give  acetic 
acid  on  heating  points  to  the  conclusion  that  this  acid  must  have  been 
split  off  in  its  formation  from  aconitine.  We  have  shown  in  previous 
communications  that  both  aconitine  and  isaconitine  undergo  hydroly- 
sis, aconine  being  the  basic  product  in  each  case.  In  a  subsequent 
paper  we  show  that  when  aconitine  passes  into  isaconitine,  it  loses 
acetic  acid.  Synthetical  experiments  are  being  made  to  test  the 
accuracy  of  this  new  view  of  the  constitution  of  "aconitine"  and 
"isaconitine,"  which  would  represent  pyraconitine  as  the  anhydro- 
derivative  of  the  latter  alkaloid. 

Research  Labai'atory, 

Pharmaceutical  Society, 

London. 


XIX. — Notes  on  Madder  Colouring  Matters. 
By  Edward  Schunck,  Ph.D.,  F.R.S.,  and  Leon  Mabchlewski,  Ph.D. 

I.  Constitution  of  Rubiadin. 

In  our  previous  communication  (Trans.,  1893,  63,  969),  we  gave 
an  account  of  the  properties  of  this  substance,  and  arrived  at  the 
conclusion  that  it  must  be  considered  as  a  homologue  of  purparo- 
xanthin,  which  it  closely  resembles. 

As  formerly  mentioned  {loc.  cit.,  p.  1137),  experiments  were  made 
with  a  view  to  determine  the  constitution  of  rubiadin,  the  chief  point 
being  to  ascertain  the  position  of  the  methyl  group  in  the  molecule. 
These  showed  that  the  methylpurpuroxanthin  [CII3 :  OH  :  OH  = 
3'  :  1  :  3]  obtained,  though  very  similar  to,  is  not  identical  with, 
rubiadin,  as  its  melting  point  is  considerably  lower  than  that  of  the 
latter. 

We  are  now  able  to  confirm  the  views  formerly  expressed  as  regards 
the  nature  of  rubiadin,  more  especially  as  to  the  character  of  the 
methyl  complex  contained  in  it.  The  analyses  given  in  our  first 
memoir  show  that  the  composition  of  the  substance  is  undoubtedly 
that  of  a  dihydroxyanthraquinone  containing  an  additional  CH2. 
Now  this  CH2  might  either  be  a  constituent  of  a  methoxy-group,  or 
it  might  be  a  constituent  of  a  methyl  group  united  to  a  carbon  atom 


ON  MADDER  COLOURING  MATTERS.  183 

of  the  autliraquinone  complex.  In  order  to  decide  between  these  two 
views,  we  treated  rubiadin  with  hydriodic  acid  by  Zeisel's  process, 
and  found  that  it  did  not  yield  methylic  iodide,  and  could  not,  there- 
fore, contain  a  methoxy-group.  This  conclusion  was  confirmed  by 
the  following  experiment.  A  small  quantity  of  rubiadin  was  heated 
with  concentrated  sulphuric  acid  for  15  minutes  at  180° ;  the  solution, 
when  cold,  was  poured,  into  water,  the  product  extracted  with  ether, 
find  the  ethereal  solution  evaporated.  The  residue,  when  dissolved 
in  benzene,  gave  crystals  of  unchanged  rubiadin,  which  melted  at 
about  290°. 

These  experiments  proved  the  absence  of  any  methoxy-group,  and  it 
now  remained  to  determine  the  position  of  the  methyl  group  in  the 
molecule.  On  oxidation,  rubiadin  yields  phthalic  acid,  so  that  the 
methyl  group  must  be  contained  in  the  same  nucleus  as  the  hydroxy  1 
groups.  The  experiment  was  conducted  as  follows.  Rubiadin  was 
boiled  with  a  mixture  of  glacial  acetic  acid  and  chromic  acid,  and 
the  solution,  when  cold,  was  poured  into  water,  and  extracted  with 
ether ;  the  ethereal  extract,  on  evaporation,  left  a  greenish  mass, 
which  was  again  extracted  with  ether,  and  the  filtered  solution 
again  evaporated.  In  this  way  a  small  quantity  of  a  colourless 
substance  was  obtained,  which  sublimed  easily.  The  sublimate 
melted  at  128°,  and  on  being  cautiously  heated  with  resorcinol,  and 
the  product  dissolved  in  caustic  soda,  gave  the  chai'acteristic  green 
fluorescence  of  fluorescein,  proving  that  it  was  phthalic  acid. 
Rubiadin  must,  therefoi-e,  have  one  of  the  two  following  formulae. 
CO  OH  CO  OH 


I.    I       I        I  .  II. 

'oh  'v    a    ;.   JOH 


CO  CO  CH3 

Which  of  these  two  is  the  true  one  could  only  be  decided  by  a 
synthetical  experiment.  In  order  to  obtain  a  methylpurpuroxanthin 
having  the  constitution  [OH  :  CH3 :  OH  =  1:2:3],  we  employed 
benzoic  acid  and  metadihydroxyparatoluic  acid.  The  condensation  of 
these  two  substances  in  presence  of  sulphuric  acid  would  take  place 
in  accordance  with  the  following  equation 

OH  CO  OH 

/NcOiOH Hii^NcHs  /\r^\/\cH, 


'.       IIH     HO|iOOL       'OH 


+  2H2O. 

)6h 

CO^^ 


The  dihydroxyparatoluic  acid  required  was  prepared  by  ourselves 
from  Kahlbaum's  paratoluic  acid ;  its  melting  point  tvas  fotind  to  be 
175'',  as  given   by  Weinreich   (5er.,    20,  982).      The  condensation 
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was  effected  in  the  manner  described  in  a  previous  paper  by  one  of 
us  (loc.  cit.,  p.  1142),  but  the  heating  was  continued  longer,  as  it 
was  found  that  condensation  took  place  with  some  difficulty.  A  mix- 
ture of  4  grams  of  dihydroxypai-atoluic  acid,  15  grams  of  benzoic  acid, 
and  200  grams  of  sulphuric  acid  was  heated  for  15  hours  at  110 — 120°. 
The  solution  was  then  poured  into  water  and  shaken  with  ether ;  the 
ethereal  extract  was  evaporated,  and,  the  residue  having  been  sus- 
pended in  water,  the  excess  of  benzoic  acid  present  was  driven  off  by 
means  of  a  current  of  steam.  This  wasjfollowed  by  treatment  with 
boiling  benzene,  and  the  solution,  on  cooliug,  deposited  crystalline 
needles,  which,  after  recrystallisation  three  times  from  hot  benzene, 
yielded  the  following  results  on  analysis. 

0-1201  gave  0-3113  CO2  and  0-0448  H^O.     C  =  70*69 ;  H  =  4-13. 
CisHioOi  requires  C  =  70-86 ;  H  =  3-93  per  cent. 

At  270°,  the  product  begins  to  sublime,  and  melts  at  about  282°,  but  if 
lieated  quickly  it  melts  at  290°,  which  is  the  melting  point  of  rubiadin 
itself.  It  dissolves  in  alkali,  forming  a  red  liquid.  The  solution  in 
concentrated  sulphuric  acid  is  brownish-red,  and  shows  a  narrow 
absorption  band  in  the  red,  which  is  a  little  nearer  the  less  refrangible 
end  of  the  spectrum  than  the  corresponding  band  of  a  purpuroxanthin 
solution  The  substance  is  easily  soluble  in  alcohol  or  ether,  and  is 
obtained  in  orange-coloured  needles  on  evaporating  the  ethereal 
solution.  Its  properties  do  not  therefore  differ  greatly  from  those  of 
rubiadin,  but  seeing  that  there  was  some  uncertainty  as  to  its  precise 
melting  point,  an  uncertainty  due  to  its  beginning  to  sublime  before 
complete  fusion,  we  determined  to  find  some  other  means  of  com- 
parison between  the  natural  and  the  artificial  products,  and  for  this 
purpose  had  recourse  to  the  acetyl  derivatives. 

A  cety  Irubiadin. 

In  order  to  acetylate  rubiadin  it  was  digested  with  acetic  anhydride 
and  a  small  fragment  of  stannous  chloride.  The  excess  of  acetic 
anhydride  was  decomposed  with  alcohol,  and  after  evaporating  the 
ethylic  acetate,  the  residue  was  crystallised  from  alcohol.  In  this 
way  a  product  was  obtained  crystallising  in  lustrous,  silky  needles, 
and  melting  at  225°  ;  it  is  not  changed  by  cold  alkalis,  but  is  decom- 
posed on  heating  with  them. 

Acetyl  Compound  of  the  Methylpurpuroxanthm  [OAc  :  CH3 :  OAc  = 

1:2:3]. 

This  compound  was  prepared  in  the  same  way  as  the  preceding. 
After  two  crystallisations  from  alcohol,  it  melted  at  217 — 218°,  and 
differed  in  appearance  from  acetylrubiadin,  the  latter  crystallising  in 
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fine  needles,  whilst  the  former  appears  in  crystalline  grains.  Hence 
it  follows  that  the  second  of  the  two  formulse  given  above  is  the  one 
belonging  to  rubiadin.  This  result  is  of  some  interest,  for  as  pur- 
puroxanthincarboxylic  acid  is  held  to  be  a  derivative  of  a-anthra- 
quinonecarboxylic  acid,  and  may  therefore  have  the  following 
formula, 

CO  OH 


.'OH 
CO  COOH 

it  is  possible  that  rubiadin  may  be  the  parent  substance  of  this  acid, 
which  would  therefore  be  formed  from  rubiadin  by  some  process  of 
oxidation  going  on  in  the  plant. 

II.  The  Monalktl  Ethers  of  Alizarin. 

Several  years  ago  a  monomethylalizarin  and  a  monethylalizarin 
were  prepared  by  one  of  us  by  heating  alizarin  with  methylic  iodide  or 
ethylic  iodide  and  caustic  potash,  in  sealed  tubes  (Manchester  Memoirs, 
1873).  During  this  process,  strange  to  say,  no  dimethylalizarin  or  di- 
ethylalizarin  is  formed,  from  which  it  follows  that  the  etherification  of 
one  of  the  hydroxyls  of  alizarin  is  not  easily  effected.  This  behaviour 
is  not  singular.  In  their  memoir  on  the  derivatives  of  monhydroxy- 
xanthone  (Ber.,  1893,  76},  Kostanecki  and  Dreher  state  that  whilst 
the  2-,  3-,  and  4-hydroxyxanthones  may  be  easily  methylated,  1-hydr- 
oxyxanthone,  in  which  the  OH  group  adjoins  the  carbonyl  group, 
remains  unchanged  when  treated  with  potash  and  methylic  iodide. 
The  same  may  take  place  in  the  case  of  alizarin,  in  which  the  hydr- 
oxyl  group  adjoining  the  carbonyl  group  is  probably  the  one  which  is 
not  easily  affected.  It  would  appear  therefore  that  the  constitution 
of  monomethylalizarin  is  represented  by  the  following  formula. 

CO  OH 

lOCHs 


CO 

It  melts  at  228 — 229°,  and  may  be  easily  acetylated  by  Lieber- 
mann's  method.  The  acetyl  compound  crystallises  from  alcohol  in 
light  yellow  needles,  and  melts  at  186 — 187°.  It  yielded,  on  analysis, 
the  following  results. 

0-1187  gave  02984  CO^  and  0'0450  H2O.     C  =  6857  ;  H  =  4-21. 

CuH602(OCH3)-0'C2H30  requires  C  =  68-92  ;  H  =  4-05  per  cent. 

We  endeavoured  also  to  prepare  the  second  possible  methylalizarin 
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from  ruberytliric  acid.  If  we  assume,  witli  Liebermann  and  Bergami, 
that  ruberythric  acid  contains  one  of  the  two  hydroxyls  of  alizarin  in 
a  free  state,  and  assuming,  further,  that  the  union  of  the  alizarin 
with  the  sugar  takes  place  through  that  hydroxyl  which  may  be 
easily  alkylised,  it  might  be  possible  to  obtain  a  methylrnberythric 
acid,  and,  by  decomposing  the  latter,  to  arrive  at  the  second  methyl- 
alizarin  sought  for.  Our  experiments  failed ;  we  were  unable  to 
obtain  a  methylrnberythric  acid  by  treating  the  potassium  salt  with 
methylic  iodide  and  methylic  alcohol.  It  is,  of  course,  quite  possible 
that,  under  certain  conditions,  especially  such  as  occur  in  the  vege- 
table organism,  a  compound  of  this  kind  may  be  formed,  yielding, 
as  a  product  of  decomposition,  the  monomethylalizarin  of  Hummel 
and  Perkin  (Trans.,  1893,  63,  1174). 

Acetylethyl alizarin. — Ethylalizarin  melts  at  188 — 189°,  and  may  be 
easily  acetylised ;  the  product  crystallises  fi-om  alcohol  in  yellow 
needles,  and  melts  at  141°.     Analysis  yielded  the  following  results. 

0-1130  gave  0-2878  CO2  and  0-0482  H2O.     C  =  6946 ;  H  =  4-73. 
CuH602(OC2H5)-0-C2H30  requires  C  =  09  67 ;  H  =  4-51  per  cent. 

III.    RUBERYTHKIC   ACID. 

In  connection  with  previous  work  on  the  glucosides  (loc.  cit.,  p.  1137), 
which  led  to  the  conclusion  that  the  constitution  of  these  compounds 
is  in  harmony  with  Tollens's  glucose  formula,  we  examined  the  action 
of  phenylhydrazine  on  the  glucoside  of  alizarin.  After  several  ex- 
periments, we  came  to  the  conclusion  that  the  two  substances  do  not 
react,  a  fact  which  points  to  the  absence  of  aldehyde  groups  in 
ruberythric  acid.  The  formula  of  this  glucoside  must,  therefore, 
also  be  in  accordance  with  Tollens's  glucose  formula,  or  a  similar 
one;  it  may,  at  the  same  time,  be  mentioned  that,  according  to 
Liebermann  and  Bergami,  the  sugar  is  contained  in  this  compound  as 
a  biose  residue. 

Ruberythric  acid,  according  to  Liebermann  and  Bergami,  yields  an 
octacetyl  derivative.  We  have  succeeded  in  obtaining  benzoyl 
derivatives  also,  using  for  this  purpose  the  method  adopted  by 
Baum,  Baumann,  and  Schotten.  On  shaking  up  a  solution  of 
ruberythric  acid  in  caustic  soda  (1  part  of  soda  to  8  of  water)  with 
benzoyl  chloride,  a  yellow  precipitate  was  formed,  which,  after  being 
collected,  washed  first  with  dilute  caustic  soda  and  then  with  hot 
water,  was  dried  and  dissolved  in  benzene.  On  partial  evaporation 
of  the  benzene,  the  benzoyl  derivative  separated  in  clotty  masses, 
which  appeared  amorphous,  even  under  the  microscope. 

Its  composition  was  that  of  a  heptabenzoylrubery  thric  acid,  as  the 
following  analysis  shows. 
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0-1521  gave  0-3863  CO2  and  0-0658  H2O.     C  =  69-29 ;  H  =  4'81. 
C75H56O21  requires  C  =  69-65 ;  H  =  4-33  per  cent. 

The  compound  is  insoluble  in  dilute  alkali,  but,  on  boiling,  it 
gradually  dissolves,  and  the  solution  then  contains  alizarin,  benzoic 
acid,  and  sugar.  It  is  decomposed  by  hot  dilute  sulphuric  acid, 
yielding  the  same  products.  A  quantitative  determination  of  these 
products  of  decomposition  was  not  thought  necessary,  as  the  number 
of  benzoyl  groups  was  sufficiently  indicated  by  analysis.  If  a  weaker 
solution  of  alkali  (1  part  NaHO  to  10  parts  H2O)  be  used,  a  hexa- 
benzoyl  derivative  is  obtained,  as  shown  by  the  following  analysis. 

01349  gave  0-3396  CO2  and  0-0529  HjO.     C  =  68-65 ;  H  =  4-36 
C68H62O20  requires  0  =  68-60 ;  H  =  4-33  per  cent. 

Ruberythric  acid,  therefore,  behaves  like  glucose  as  regards  the 
benzoyl  derivatives  which  it  yields,  different  products  being  obtained 
according  to  the  concentration  of  the  soda  lye  employed  (v.  Skraup, 
Monats.  Chem.,  10,  389,  and  Baumann,  Ber.,  19,  3219). 


XX. — Interacti07i  of  Benzylamine  and  Etliylic  Chlor- 

acetate. 
By  Arthur  T.  Mason,  Ph.D.,  F.I.C.,  and  Goodlatte  R.  Winder, 

Ph.D.,  F.I.C. 

Amidoacetic  acid  (glycocoU)  and  methylamidoacetic  acid  (sarkosine), 
as  well  as  their  ethylic  salts,  easily  lose  the  elements  of  water, 
forming  so-called  anhydrides,  which,  as  Curtius  and  Schulz  have 
shown  (Ber.,  23,  3041),  are  derivatives  of  piperazine,  formed  by  the 
union  of  2mols.  of  the  compounds  with  elimination  of  2  mols.  of  water 
or  of  alcohol, 

C2H3*OOC*CH2\-»j-TT  nci.nvs 

H^^H.C•C06(jfH.   =  at^<CH,.CO'>NH  +  ^C.H.O, 

the  substances  being  afy-diacipiperazine  and  dimethyl-a<y-diacipiper- 
azine  respectively: 

Rebuffat  (Gazzetta,  17,  231 ;  Ber.,  21,  Ref.  136)  has  shown  that 
the  chief  product  of  the  interaction  of  aniline  and  chloractic  acid  ia 
phenylglycocoll,  C6H6«NH-CH2-COOH ;  by  heating  the  latter  at 
140 — 150°,  it  is  converted  into  a  compound  of  the  formula 

C„H,-N<g2'™>N-C,H5 

(Hausdorfer,  Ber.,  22,  1797),  which  is  identical  with  P.  J.  Meyer's 
phenylglycine  anhydride  (Ber.,  10, 1967),  and  with  Abeniug'  diphenyl- 
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ketopiperazine  (Ber.,  21,  1665),  and  according  to  Bischoff's  nomen- 
clature is  named  diphenyl-a^-diacipiperazine. 

The  experiments  described  in  the  sequel  show  that  benzylamine 
acts  on  ethylic  chloracetate  in  an  analogous  manner,  the  first  product 
being  the  ethylic  salt  of  benzylamidoacetic  acid, 

CeHs'CH^'NH-CHa-COOC^Hs. 

This  compound,  however,  undergoes  condensation  so  readily,  that 
when  kept  for  a  few  days,  the  gradual  separation  of  dibenzyl-a-/- 
diacipiperazine  is  noticed,  and  in  a  few  months  the  liquid  becomes 
filled  with  beautiful,  white  needles  of  that  compound, 


^\NH-CH2-C«H5  _ 


'     Mhylic  Benzylamidoacetate,  C6H5'CH2*N'H'CH2'COOC2H5. 

A  mixture  of  20  grams  (2  mols.)  of  benzylamine,  about  30  c.c.  of 
absolute  alcohol,  and  11*4  grams  (1  mol.)  of  ethylic  chloracetate,  was 
heated  for  half  an  hour  on  the  water  bath,  in  a  flask  connected  with 
a  reflux  condenser ;  no  change  was  noticed  except  a  slight  yellow 
colouring  of  the  liquid,  but  on  distilling  off  the  alcohol,  a  semi-solid 
mass  was  obtained,  consisting  of  benzylamine  hydrochloride  and  an 
almost  colourless  oil.  Ether  was  added  to  the  cold  mixture,  when 
the  oil  dissolved  easily,  leaving  the  benzylamine  salt  as  a  white, 
crystalline  powder ;  this,  when  collected  by  the  aid  of  the  pump  and 
washed  with  ether,  weighed  13  grams  when  dry  (theory,  13'3  grams). 
The  ether  was  removed  from  the  filtrate  by  distillation,  and  the  re- 
maining oil  submitted  to  distillation  under  reduced  pressure  (10 — 20 
mm.)  ;  it  came  over  as  a  colourless  liquid  between  155°  and  170° 
(bath,  210 — 225°),  and  on  rectifying  under  the  same  conditions,  the 
greater  portion  distilled  at  160 — 165°  (bath,  220°).  A  complete 
distillation,  however,  was  not  possible,  as  the  compound  undergoes 
condensation  easily  at  such  temperatures,  the  piperazine  derivative 
separating  in  white  needles  in  the  delivery  tube.  For  analysis,  a 
freshly  distilled  sample  was  taken,  and,  as  the  numbers  show,  the 
product  was  not  quite  pure. 

0-1338  gave  0-3312  COa  and  0-088  H2O.     C  =  67*50 ;  H  =  7'30. 

0-1308     „     0-3236    „      „    0-094    „         C  =  67-47 ;  H  =  7-98. 

CuHisNOa  requires  C  =  68-39;  H  =  7-77  per  cent. 

The  compound  is  miscible  in  all  proportions  with  alcohol,  ether, 
benzene,  and  toluene.  It  dissolves  easily  in  dilute  hydrochloric  acid, 
and  platinic  chloride  precipitates  from  such  a  solution  a  yellow,  semi- 
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solid  platinum  salt.  On  long  standing,  condensation  takes  place,  and 
the  piperazine  derivative  described  below  gradually  separates  in 
colourless  needles. 

Picrate,  C6H5-CH2-NH-CH2-COOC2H5,C6H2(N02)3-OH.— A  hot  al- 
coholic  solution  of  1'18  grams  (1  mol.)  of  picric  acid  was  mixed  with 
1  gram  (1  mol.)  of  ethylic  benzylamidoacetate.  As  nothing  separated 
on  cooling,  the  solution  was  evaporated  to  a  small  bulk,  and  ether 
added,  when  the  picrate  separated  as  a  bright  yellow,  crystalline 
powder.  After  recrystallisation  from  warm  ether,  it  presented  the 
same  appearance,  and  melted  at  154°.  For  analysis,  it  was  dried  over 
sulphuric  acid. 

0-2361  gave  28  c.c.  moist  nitrogen  at  20"  and  722  mm.     N  =  12-87. 
C„Hi5]S'0,C6H2(N02)3-OH  requires  N  =  13-27  per  cent. 

Benzylamido acetic  acid  {Benzylglycocoll),  CeHs'CHs'l^rH'CHa'COOH. 
— A  boiling  aqueous  solution  of  the  copper  salt  described  below  was 
decomposed  with  hydrogen  sulphide,  and  the  precipitated  copper 
sulphide  removed  by  filtration.  The  filtrate  was  reduced  to  a  small 
bulk  on  the  water  bath,  and  then  to  dryness  over  sulphuric  acid  in  a 
partial  vacuum  ;  the  pale  brown,  crystalline  residue,  on  extraction 
with  boiling  absolute  alcohol,  lost  most  of  its  colour,  but  ignition  on 
platinum  foil  revealed  the  presence  of  inorganic  matter.  By  treat- 
ment with  96  per  cent,  alcohol,  in  which  the  acid  gradually  dissolves, 
the  greater  part  of  the  impurity  could  be  removed,  but  even  after 
repeated  treatment  in  this  manner  small  quantities  still  remained, 
and  the  numbers  obtained  on  analysis  were  too  low  in  the  carbon. 
The  purest  specimen  we  prepared  crystallised  from  water  in  thin, 
white  needles,  and  melted  sharply  at  197 — 198°.  The  results  of  the 
analyses  of  the  following  salts  are,  we  think,  sufficient  proof  of  the 
identity  of  the  acid.  The  specimen  above  mentioned,  although  very 
easily  soluble  in  water,  was  insoluble  in  all  the  other  general  solvents. 

Sodium  Salt,  CgHjoNOz^a. — An  alcoholic  solution  of  ethylic  benzyl- 
amidoacetate, and  the  theoretical  quantity  of  pure  sodium  hydroxide, 
was  heated  for  12  hours  on  the  water  bath,  using  a  reflux  con- 
denser ;  on  cooling,  the  sodium  salt  separated  as  a  white,  gelatinous 
mass,  which,  as  filtration  was  found  impracticable,  was  spread  on 
porous  plates  ;  after  some  days,  the  white,  amorphous  powder  left  was 
purified  by  warming  it  with  a  small  quantity  of  absolute  alcohol, 
and,  after  cooling,  again  spreading  on  porous  plates.  The  salt  was 
dried  over  sulphuric  acid  for  analysis. 

0-2075  gave  0*0805  NazSOi.     Na  =  12-56. 

CgHioNOzNa  requires  N'a  =  1230  per  cent. 

It  is  very  easily  soluble  in  cold  water,  but  only  sparingly  in  hot 
alcohol. 


190  INTERACTION  OP  BENZYLAMINE,  ETC. 

Copper  salt,  (C9HioN02)2Cu. — On  pouring  a  hot  aqueous  solution  of 
the  sodium  salt  into  a  hot  dilute  copper  sulphate  solution,  a  flocculent, 
blue  precipitate  was  immediately  formed ;  this  was  collected  by  the 
aid  of  the  pump,  and  washed  with  warm  water.  It  was  recrystallised 
from  a  large  quantity  of  hot  water,  and  formed  small,  dark  blae 
prisms.  An  analysis  was  made  of  a  sample  dried  over  sulphuric 
acid. 

0-1525  gave  0-0314  CuO.     Cu  =  16-43. 

(C9HioISr02)2Cu  requires  Cu  =  16-17  per  cent. 

Hydrochloride,  C9HnN02,HCl. — Concentrated  hydrochloric  acid  was 
evaporated  on  the  water  bath  with  ethylic  benzylamidoacetate,  a  large 
excess  of  acid  being  present.  A  white,  crystalline  mass  remained, 
w^hich  was  washed  with  ether,  and  recrystallised  from  alcohol.  Small, 
white  plates  were  thas  obtained,  which  melted  at  214 — 215°. 

0-2228  gave  0-1586  AgCl.     CI  =  17-57. 

CgHiiNOajHCl  requires  CI  =  17-57  per  cent. 

The  salt  is  very  easily  soluble  in  cold  water,  sparingly  soluble  in 
cold,  easily,  however,  in  hot  alcohol. 

CO'CTT 
Bibenzyl-tx.rj-diacipiperazine,  C6H5'CH2*!N"<^Ptt  ^p-^^N*CH2'C6H5. 

The  white  crystals  which  are  formed  during  the  distillation  of 
ethylic  benzylamidoacetate,  and  which  gradually  separate  from  the 
same  liquid  on  long  standing,  consist  of  this  compound.  It  is  best 
prepared,  however,  by  heating  the  ethylic  salt  previously  described 
(p.  188)  to  boiling,  for  a  considerable  time,  under  reduced  pressure  ; 
after  cooling,  the  product  is  mixed  with  cold  alcohol,  in  Avhich  the 
piperazine  derivative  is  but  sparingly  soluble.  The  crystals  thus 
obtained  are  redissolved  in  hot  alcohol,  from  which  the  piperazine 
separates  in  white,  prismatic  needles  melting  at  170°.  The  substance 
was  dried  at  100°  for  analysis. 

0-1288  gave  0-3485  CO2  and  0-0723  H^O.     C  =  73-76;  H  =  6-23. 
0-1218     „     10-25  c.c.  moist  N  at  18-5°  and  720  mm.     N  =  9-14. 
C18H18N2O2  requires  C  =  73-47;  H  =  6-12;  N  =  9-52  per  cent. 

It  is  insoluble  in  water,  ether,  and  light  petroleum,  easily  soluble  in 
benzene,  and  toluene,  sparingly  in  cold,  and  easily  in  hot,  alcohol,  it 
dissolves  easily  in  cold  concentrated  hydrochloric  acid,  and  is  repn;- 
cipitated  unchanged  on  adding  water ;  no  change  was  produced  by 
heating  it  with  the  acid  for  four  hours  at  180°.  If  the  compound  be 
heated  to  boiling,  at  the  ordinary  atmospheric  pressure,  it  rapidly 
darkens,  toluene  and  ammonia  being  formed.  All  attempts  to  obtain 
crystals  from  the  dark  brown  residue  proved  futile,  although  by  treat- 
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ment  with  hot  concentrated  hydrochloric  acid  a  small  quantity  of 
the  original  substance  could  be  isolated.  A  molecular  weight  deter- 
mination,  by  Beckmann's  method,  gave  the  following  numbers. 

T.  II. 

Weight  of  substance  taken 0-1551  gram  0'3746  gram 

Weight  of  acetic  acid   11-38      grams  11-38      grams 

Observed  depression 0-162°  0-3945'' 

Molecular  weight  found 0-328  0*325 

Theory  for  CigHis-NsOa 294 

Ztirich  University. 


XXI. — Condensation  Products  from  Benzylamine  and 

several  Benzerio'id  Aldehydes. 
By  Arthur  T.  Mason,  Ph.D.,  F.I.C.,  and  Goodlatte  R.  Winder, 

Ph.D.,  F.I.C. 

The  products  described  below,  and  prepared  from  benzaldehyde, 
orthohydroxybenzaldehyde,  parahydroxybenzaldehyde,  and  benzyl- 
amine, are  similar  in  their  properties  and  methods  of  formation  to 
those  obtained  from  the  primary  fatty  and  benzenoid  amines.  They 
are  well  defined  compounds,  which  are  easily  reconverted  into  tlieir 
generators  by  mineral  acids. 

Benzylamine  a7id  Benzaldehyde.     Benzylidenebenzylamine, 

CeHs-CH^-NlCH-CeHs. 

— Pure  benzaldehyde,  prepared  from  the  bisulphite  compound  easily 
interacts  with  benzylamine  in  cold  ethereal  solution.  When  dis- 
solved in  ether  in  molecular  proportion,  the  solution  became  warm 
and  opalescent  after  a  few  moments,  and  the  eliminated  water 
gradually  separated  in  the  form  of  drops.  The  mixture  was  heated 
for  a  short  time  on  the  water  bath  to  complete  the  action,  and, 
after  a  while,  the  ethereal  solution  was  decanted  through  a  filter. 
The  filtrate  was  then  dried  with  calcium  chloride,  the  ether  distilled 
off,  and  the  residual  oil  rectified  under  diminished  pressure  (10 — 20 
mm.),  when  the  greater  part  distilled  at  200—202°  (bath  235—240°) 
as  a  colourless  liquid.  A  freshly  distilled  sample  was  submitted 
to  analysis. 

0-1248  gave  0-3938  CO,  and  00762  H^O.     C  =  86-05  ;  H  =  6-77. 
CuHisN"  requires  C  =  86-15  ;    H  =  666  per  cent. 

The  product  is  insoluble  in  water,  but  miscible  in  all  proportions 
with   alcohol,   ether,   benzene,    toluene,   and   lighc   petroleum.      Oa 
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warming  wifcli  dilute  mineral  acids,  a  strong  smell  of  benzaldehyde  is 
noticed. 

In  the  above  account  of  tbe  preparation  of  the  compound,  it  was 
expressly  stated  that  benzaldehyde  from  the  bisulphite  compound 
was  used.  When  the  commercial  product  was  employed,  a  crystalline 
precipitate  was  formed  on  warming  the  ethereal  solution ;  this  was 
collected,  and,  after  being  washed  with  ether,  in  which  it  is  but 
sparingly  soluble  in  the  cold,  was  obtained  in  beautiful,  white, 
glistening  plates.     It  was  dried  at  100°  and  analysed. 

0-1240  gave  0-3368  CO2  and  0-0760  H^O.     C  =  74-07 ;  H  =  6-81. 

0-1419     „     0-3856     „      „    0-0857     „         C  =  74-11 ;  H  =  7-08. 

0-1440  „  9-1  c.c.  moist  nitrogen  at  15°  and  730  mm.  N  =  7-08. 
C24H26N2O3  requires  0  =  78-85 ;    H  =  6-66  ;    N  =  7*17  per  cent. 

It  is  a  very  stable  substance,  boiling  at  a  verj  high  temperature, 
apparently  without  decomposition.  It  dissolves  easily  in  dilute 
hydrochloric  acid  on  warming,  and  is  not  reprecipitated  on  cooling. 

Benzylamine  and  Orthohydroxyhenzaldehyde.  Orthohydroxyhenzyl- 
idenehenzylamine,  C6H6"CH2*N!CH-C6H4'OII. — 5  grams  (1  mol.)  of 
benzylamine  and  6  grams  (1  mol.)  of  the  aldehyde  were  brought 
together  in  a  flask.  On  the  addition  of  the  first  few  drops  of  amine, 
heat  was  developed,  the  mixture  became  yellow,  and  the  water 
formed  gradually  collected  into  small  drops.  After  warming  on  the 
water  bath  for  a  short  time,  the  contents  of  the  flask  were  extracted 
with  ether,  and  the  water  removed  by  means  of  a  separating  funnel ; 
the  ethereal  solution  was  then  dried  with  calcium  chloride,  and  the 
ether  distilled  off.  The  pale  yellow  oil  which  remained  solidified  to 
a  crystalline  mass  on  standing  ;  this,  when  crystallised  from  a  small 
quantity  of  ether,  gave  small,  bright  yellow  crystals  melting  at  29°. 
They  were  dried  in  a  vacuum  over  sulphuric  acid  and  analysed. 

0-1701  gave  0-496  CO2  and  0-0938  H2O.     C  =  79-52 ;  H  =  6-12. 
0-1438     „      8-9  c.c.  moist  nitrogen  at  17-5''  and  716  mm.    N  =  6-73. 
CuHi3N"0  requires  C  =  79-62  ;  H  =  6-16  ;  N  =  6-63  per  cent. 

The  substance  is  insoluble  in  watex*,  but  very  easily  soluble  in 
ether,  alcohol,  benzene,  and  toluene  in  the  cold,  giving  intense 
yellow  solutions ;  in  light  petroleum,  it  is  easily  soluble  with  a  pale 
yellow  colour.  On  treatment  with  cold  dilute  hydrochloric  acid,  the 
compound  becomes  oily,  and,  after  warming,  smells  strongly  of 
orthohydroxyhenzaldehyde. 

Benzylamine  and  ParahydroxyhenzaldeJiyde.  Parahydroxyhenzylidene- 
benzylamine,  CeHs'CHa-NiCH'CsHi'OH. — A  mixture  of  3  grams 
(1  mol.)  of  amine  and  3-45  grams  (1  mol.)  of  aldehyde  was  heated 
for  half  an  hour  on  an  asbestos  plate  ;  water  was  formed,  and  the 
product  solidified  to  a  pale  yellow,  crystalline  mass ;    this  was  shaken 
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well  with  ether,  and  the  white,  crystalline  residue  dissolved  in  hot 
alcohol.  On  standing,  semi-transparent  prisms  separated  melting  at 
205 — 206°.     They  were  dried  at  100"  and  analysed. 

0-1638  gave  0-4784  COa  and  0-0926  H2O.     C  =  79-65 ;  H  =  6-28. 

0-1408  „  8-6  c.c.  moist  nitrogen  at  18°  and  715  mm.  N  =  6-63. 
CuHisNO  requires  C  =  79-62 ;  H  =  6-16 ;  N  =  6-63  per  cent. 

The  compound  is  easily  soluble  in  hot  alcohol,  but  only  sparingly 
in  cold ;  it  is  insoluble  in  water,  ether,  benEene,  toluene,  and  light 
petroleum.  Like  the  products  already  described,  it  is  easily  recon- 
verted into  its  constituents  by  dilute  mineral  acids. 

Zurich  University. 


XXII. — The  Boiling  Points  of  Homologous  Compounds. 

Part  I.     Simple  and  Mixed  Ethers. 

By  James  Walker,  D.Sc,  Ph.D.,  F.R.S.E. 

Although  many  attempts  have  been  made  to  establish  an  exact  re- 
lationship, theoretical  or  empirical,  between  the  boiling  points  and 
the  composition  o£  members  of  the  same  homologous  series,  it  cannot 
be  said  that  they  have  hitherto  met  with  much  success.  The  first 
essays  were  of  a  simple  character,  and  for  a  time  expressed  the  re- 
quired connection  in  a  suflB.ciently  satisfactory  manner ;  but  as  the 
experimental  data  increased  in  number  and  in  accuracy,  the  simple 
schemes  proposed  were  found  to  be  inadequate. 

Kopp  {Annalen,  41,  86,  169  ;  96,  1)  stated  the  rule  that  in  a 
homologous  series  the  boiling  point  rose  19°  for  every  addition  of  the 
group  CH2  to  the  molecule.  It  speedily  became  evident  that  this  rule 
was  not  strictly  true,  for  in  difierent  series  the  differences  between  the 
boiling  points  of  the  neighbouring  members  were  shown  to  be  not 
always  equal  to  19°,  nor,  in  fact,  did  the  differences  retain  the  same 
value  even  in  ascending  any  one  series.  Schorlemmer  (Chem.  News, 
25,  101)  pointed  out  that  in  the  case  of  the  monohalogen  derivatives 
of  the  normal  paraffins,  the  differences  between  succeeding  members 
of  the  series  did  not  remain  constant,  but  decreased  by  2°  at  each 
step.  Similar  considerations  were  said  to  hold  good  for  other  series, 
the  hydrocarbons  themselves,  for  example,  but  in  these  cases  the  rule 
is  much  less  satisfactory. 

Goldstein  (Ber.,  12,  689,  851 ;  15,  724)  constructed  the  following 
formula  to  express  the  boiling  points  of  the  normal  hydrocarbons, 

380  ^L^  +  (w  -  1)19  -  340-9, 
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in  which  n  represents  the  number  of  cai-bon  atoms  in  the  molecule. 
This  formula,  containing  three  arbitrary  constants,  gives  sufficiently 
accurate  values  for  the  boiling  points  of  the  hydrocarbons  from 
butane  up  tododecane.  Beyond  these  limits,  however,  the  agreement 
between  the  calculated  and  the  observed  values  is  not  at  all  close. 
For  instance,  the  boiliug  point  of  Ci6H34  is  given  by  Krafft  as  287'5°, 
whilst  the  calculated  value  is  300'5'^,  Again,  the  boiling  point  of 
methane,  CH4,  (n  —  1  =  0),  should,  according  to  the  formula,  lie 
below  the  absolute  zero  of  temperature,  namely,  at  — 34-0"9°. 

Mills   (Phil.  Mag.,  [5],  17,  180)  has  put  forward  an  expression  n£ 

the  form 

/3(w  —  c) 

1  +  7(»  —  c) 
for  the  boiling  points  of  the  hydrocarbons  and  of  other  homologoas 
series.  This  formula,  like  that  of  Goldstein,  contains  three  constants, 
J3,  7,  and  c,  which  assume  not  only  different  values  in  the  different 
series,  but  also  in  the  same  series,  according  as  n  represents  an  odd 
or  an  even  number  of  carbon  atoms  in  the  molecule.  The  expression 
is,  therefore,  a  somewhat  complicated  one,  but  gives  satisfactory  con- 
cordance within  certain  limits.  When,  however,  we  apply  it  to 
substances  high  in  the  series,  we  find  insufficient  harmony  between 
calculation  and  experiment.  Thus  the  boiling  point  of  C12H26  is  214°, 
whilst  the  formula  gives  202°. 

G.  Hinrichs  (Zeit.  physikal.  Chem.,  8,  229)  has  developed  for 
normal  compounds  a  boiling  point  formula  which,  for  the  higher 
members  of  the  series,  has  the  simple  form 

t  =  Jci(\ogn  —  5i), 
and  for  the  lower  members 

t  =  JciQogn  —  2i)  +  Jc2(q2  —  logw)-, 

Jci,  Jc2,  qi,  and  qz  being  constants.  These  two  formulae  give  the  boiling 
points  of  the  paraffins  with  great  accuracy,  their  validity  extending 
over  the  whole  range  at  present  known. 

A  relationship  of  a  simpler  and,  so  far  as  I  have  as  yet  tested  it,  of 
a  very  general,  character  is  the  following, 

T  =  aM\ 
where  T  is  the  boiling  point  expressed  in  the  absolute  scale  of  tem- 
perature, that  is,  the  boiling  point  centigrade  phis  273,  and  M  the 
molecular  weight ;  a  and  b  are  constant  for  any  homologous  series, 
but  vary  from  one  series  to  another.  This  form  of  expression  involves 
a  diminution  of  the  differences  between  successive  boiling  points,  but 
a  diminution  proceeding  at  a  gradually  decreasing  rate,  the  numerical 
values  of  the  differences  and  of  the  rates  depending  on  the  values 
attributed  to  the  constants. 
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On  turning  to  the  data  for  the  boiling  points  of  homologous  com- 
pounds, it  is  surprising  to  find  what  discrepancies  exist  between  the 
values  given  by  different  observers  for  well  characterised  substances, 
differences  of  as  much  as  5°  being  by  no  means  uncommon  with  com- 
pounds of  high  boiling  point.  It  was,  therefore,  of  importance  to 
obtain  a  series  of  boiling  point  determinations  made  by  the  same 
observer  under  the  same  conditions,  in  order  to  submit  the  formula  to 
a  fair  test  of  its  applicability.  Such  series  are  to  be  found  in  the 
simple  and  mixed  ethers  investigated  by  Dobriner  (Annalen,  243,  I) 
and  by  Pinette  (Annalen,  243,  32),  and  in  this  paper  I  shall  confine 
myself  to  their  discussion,  reserving  the  application  of  the  formula 
to  other  series  for  a  future  occasion. 

Dobriner  determined  the  boiling  points  of  the  ethers  containing  the 
following  aikyl  radicles  :  methyl,  ethyl,  propyl,  butyl,  heptyl,  and  octyl,  • 
a  series  of  21  compounds  in  all.  These  ethers  may  be  arranged  in  six 
homologous  series  of  six  members  each ;  thus  the  six  ethers  contain- 
ing the  methyl  group  form  one  series,  the  six  containing  the  ethyl 
group  another,  and  so  on.  In  this  way  every  mixed  ether  occurs 
twice ;  methyl  ethyl  ether,  for  example,  being  a  member  of  both  the 
methyl  series  and  the  ethyl  series.  We  shall  begin  with  the  series  of 
ethers  containing  the  ethyl  group. 

Ethyl  Ethers,  EtOR. 
T  =  30-42  MO'-^i. 


E. 

t. 

T. 

T  (calc). 

Difference. 

Methyl 

Ethjl. 

10-8° 
34-9 
63-6 
91-4 
166-6 
189-2 

283-8 
307-9 
336  6 
364-4 
439-6 
462-2 

274-4 
307-2 
337-1 
364-9 
439  2 
461-6 

-9-4 
—  0-7 

Propyl 

Butyl 

+  0-5 
+  0-5 

Heptyl 

Octyl 

-0-4 
-0-6 

It  will  be  seen  from  the  table  that  the  difference  between  the  ob- 
served and  the  calculated  values  is  less  than  1°,  except  in  the  case  of 
the  methyl  compound,  where  it  mounts  to  9-4°.  We  shall  meet  with 
the  same  abnormal  position  of  the  methyl  compounds  in  the  other 
series. 
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Propyl  Ethers,  CsHi'OR. 
T  =  31-40  MO-530. 


E. 

t. 

T. 

T  (calc). 

Difference. 

Methyl 

Ethyl 

38-9° 

63-6 

90-7 

117-1 

187-6 

207 

311-9 
336  6 
363-7 
390-1 
460-6 
480 

307-3 
336-9 
364-3 
390  -0 
459-4 
480-5 

-4-6 
+  0-3 

Propyl 

Butyl 

+  0-6 
-0-1 

Heptyl 

Octvl 

-1-2 
+  0-5 

Butyl  Ethers,  CiHg-O-R. 
T  =  32-68  M"*2ifi. 


R. 

t. 

T. 

T  (calc). 

Difference. 

Methyl 

Ethyl 

70-3° 
91-4 
117-1 
140-9 
205  7 
225-7 

343-3 
364  4 
390-1 
413-9 

478-7 
498-7 

337-8 
364-8 
390-0 
413-9 
479  0 
499-0 

-5-5 

+  0-4 

Propyl 

Butyl 

-0-1 
0-0 

Heptyl 

Octyl 

+  0-3 
+  0-3 

Heptyl  Ethers,  C^Hij-O-R. 
T  =  37-46  Mo''»3M. 


R. 

t. 

T. 

T  (calc). 

Difference. 

Methyl 

Ethyl 

149  -8° 
166-6 
187-6 
205-7 
261-9 
278-8 

422-8 
439-6 
460-6 
478-7 
534  -9 
551-8 

417-6 
439-4 
460-0 
479-8 
534-7 
551-8 

-5-2 

-0-2 

Propyl 

Butyl 

-0-6 
+  1-1 

Heptyl 

Octyl 

-0-2 
0-0 

Octyl  Ethers,  CgHn'O-R. 
T  =  40-66  MO"*. 


R. 

t. 

T. 

T  (calc). 

Difference. 

Methyl 

Ethyl 

173  -0° 

189-2 

207 

225-7 

278-8 

291-7 

446  -0 

462-2 

480 

498-7 

551-8 

564-7 

441-8 
461-9 
481-1 
499-6 
550-8 
666-8 

-4-2 
-0-3 

Propyl 

Butyl 

+  1-1 
+  0-9 

Heptyl 

Octyl 

-1-0 
+  2-2 
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The  methyl  compounds  in  all  these  series  give  differences  of  about 
5°,  except  in  the  case  of  methyl  ethyl  ether,  where  the  difference  is 
almost  10°.  Although,  therefore,  the  methyl  ethers  are  abnormal 
members  of  other  series,  they  may  still  form  a  regular  series  by  them- 
selves, and  indeed  we  find  that  this  is  not  far  from  beino-  the  case,  as 
the  following  table  shows. 

Methyl  Ethers,  CHs'O-R. 
T  =  31-37  M«s3<i, 


R. 

t. 

T. 

T  (ealc). 

Difference. 

Methyl 

Ethyl 

Propyl 

Butyl 

Heptyl 

Octyl 

-23 -e"* 

10-8 
38-9 
70-3 

149-8 

173 

249-4 
283-8 
311-9 
343-3 
422-8 
446 

242  4 
279-4 
312-4 
342-8 
422-2 
446  -0 

-7-0 
-4-4 
+  0-5 
-0-5 
-0-6 
0-0 

As  might  be  expected,  the  dimethyl  compound  occupies  the  same 
abnormal  position  as  the  methyl  compounds  in  the  other  series.  In 
the  case  of  methyl  ethyl  ether  the  difference  is  not  easily  accounted 
for,  but  a  similar  discrepancy  occurs  in  analogous  series,  as  I  shall 
show  later. 

The  accompanying  table  exhibits  the  differences  found  for  the  six 
series. 


R. 

CH3OR. 

C2H5OR. 

C3H7OR. 

C^HjOR. 

C7H,jOR. 

C^H.yOR. 

Methyl  . .  . 

-7-0 

-9-4 

-4-6 

-5-6 

-5-2 

-4-2 

Ethyl 

Propyl. . . . 

Butyl 

Heptyl  . . . 
Octyl 

-4-4 
+  0-5 
-0-5 
-0-6 
0  0 

-0-7 
+  0-5 
+  0-5 
-0-4 
-0-6 

+  0-3 
+  0-6 
-0-1 
-1-2 
+  0-5 

+  0-4 
-0-1 
0-0 
+  0  3 
+  0-3 

-0-2 
-0-6 
+  1-1 
-0-2 
0-0 

-0-3 
+  1-1 
+  0-9 
-1-0 

+  2-2 

The  difference  between  the  calculated  and  observed  boiling  points 
does  not,  in  general,  exceed  a  degree,  except  in  the  case  of  compounds 
containing  methyl,  and  of  dioctyl  ether.  It  has  been  frequently 
observed  that  the  first  or  methyl  members  of  a  homologous  series 
often  differ  from  the  other  members  in  their  properties  (the  magnetic 
rotation,  for  example)  in  such  a  way  that  they  cannot  readily  be  in- 
cluded in  a  scheme  which  easily  contains  the  rest,  so  that  it  is  no 
matter  for  surprise  that  they  do  not  fall  into  the  general  boiling  point 


*  Regnault'f  approximate  determination. 
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formula  for  a  lioraologons  series.  With  regard  to  dioctyl  ether,  it 
is,  I  think,  probable  that  the  boiling  point  has  been  incorrectly  deter- 
mined, for  there  is  a  means  at  our  disposal  for  testing  whether  the  boiling 
point  of  dioctyl  ether  is  really  abnormal,  namely,  by  comparing  it  with 
the  boiling  points  of  the  other  symmetrical  ethers.  We  niay  treat 
these  symmetrical  ethers  as  a  series  by  themselves,  the  difference 
between  consecutive  members  being  CJii.  Operating  in  this  way,  wo 
obtain  the  following  table. 

Symmetrical  Ethers,  R2O. 
T  =  32  -86  MO"52o. 


E. 

t. 

T. 

T  (calc). 

Difference. 

Methyl 

Ethyl 

-23-6° 

34-9 

90  7 

140-9 

261-9 

291-7 

249-4 
307-9 
363  -7 
413  9 
534  9 
564-7 

240-6 
308-1 
364-1 
413-0 
535  2 
570-6 

-8-8 
+  0-2 

Propyl 

Butyl 

+  0-4 
-0-9 

Heptyl 

Octyi 

+  0-3 
+  5-9 

The  formula  T  =  32-86  M"''^''  was  calculated  without  taking  either 
the  dimethyl  or  the  dioctyl  ether  into  account ;  and  it  will  be  seen 
that  both  are  again  abnormal.  We  may  therefore  conclude,  either 
that  dioctyl  ether  is  quite  abnormal  with  respect  to  its  boiling  point, 
or,  what  I  believe  to  be  more  probable,  that  its  boiling  point  has  been 
wrongly  determined. 

Pinette  (Annalen,  243,  32)  prepared  and  made  boiling  point  de- 
terminations with  the  ethers  containing  the  normal  alkyl  radicles  011 
the  one  hand,  and  phenyl,  the  three  xylyls,  and  thymyl  on  the  other. 
The  boiling  points  of  these  compounds  also  may  be  expressed  with  a 
fair  approach  to  accuracy  by  means  of  the  relation  T  =  aM*. 

Phenyl  Ethers,  CeHj-O-R. 
T  =  57-6  M"'^25_ 


B.                          t. 

T. 

T  (calc). 

Difference. 

Methyl 

Ethyl  

Propyl 

Butyl 

Hcptyl 

Octyi 

154-3° 

170-3 

190-5 

210-3 

266-8 

282-8 

427-3 
443-3 
,463-5 
483  -3 
539  8 
555-8 

421-3 
443-7 
464-6 

484-4 
538-1 
554-4 

-6-0 
+  0-4 
+  1-1 
+  1-1 
-1-7 
-1-4 
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Orlko-xylyl  Ethers,  1  :  2-C6H4(CHa)-0-R. 
T  =  53-22  M"  «». 
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R. 

t. 

T. 

T  (calc). 

Difference. 

Metliyl 171-3° 

Ethyl 184-8 

Propyl 204-1 

Butyl 223-0 

Heptyl i         277-5 

Octyl 292-9 

444-3 
457-8 
477-1 
496-0 
550-5 
665-9 

436-4 

457-7 
477-7 
496-8 
549-0 
665-1 

-7-9 
-0-1 
+  0-6 
+  0-8 
-1-5 
-0-8 

Metaxylyl  Ethers,  1  :  3-C6H4(CH3)-0-R. 
T  =  56-45  MO"''^ 


R. 

t. 

T. 

T  (calc). 

Difference. 

Methyl 

Ethyl 

177  -2° 
192  0 
210-6 

229-2 
283-2 
298-9 

450-2 
465-0 
483-6 
502-2 
556-2 
671-9 

443-4 
464-6 
484-5 
503-3 
555-2 
571-0 

-6-8 
-0-5 
+  0-9 
+  1-1 
-1-0 
0  9 

Propyl 

Butyl 

Heptyl 

Ootyl 

Paraxylyl  Ethers,  1  :  4-C6H4(CH3)-0-R. 
T  =  5i-95  M  o'-"". 


R. 

t. 

T. 

T  (calc). 

Difference. 

Methyl 

Kthyl 

Propyl 

Butyl 

175  -0° 

189-9 

210-4 

229-5 

283-3- 

298-8 

448-0 
462-9 
483-4 
502  -5 
556  -3 
571  0 

442  1 
463-3 
483-5 
502  -6 
554-9 
571  -0 

-5-9 
+  0-4 
+  0-1 
+  0-1 

Heptyl 

Oeivl 

-1-4 
0  0 

Simple  inspection  shows  that  the  boiling  points  of  the  thymyl 
series  will  fit  into  no  simple  scheme:  so  I  have  not  attempted  to 
calculate  a  formula  to  express  them. 

For  the  aromatic  series,  it  is  noticeable  that  the  agreement 
between  the  experimental  and  the  calculated  values  is  not  quite  so 
good  as  in  the  case  of  the  fatty  ethers  ;  bat  still  the  differences 
are  usually  less  than  1°.  The  methyl  compounds  again  exhibit  large 
differences  in  the  same  sense  as  before. 

From  the  distribution  of  the  +  and  —  signs  of  the  differences,  it 
would  appear  that  the  calculated  curve  generally  cuts  the  experi- 
mental curve  twice  in  such  a  way  that  the  differences  would  probably 
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become  greater  if  the  series  were  further  ascended.  Still,  the  formula 
is  fairly  satisfactory,  as  giving  the  expression  of  seven*  boiling  points 
in  each  series  by  means  of  two  empirical  constants.  With  regard  to 
the  values  of  these  constants,  the  following  table  shows  their  varia- 
tion in  the  different  series. 


Series. 

a. 

h. 

Methyl  ethers  ....... 

31-37 

0  -5341 

Ethyl  ethers 

30-42 
31-40 
32-68 
37-46 
40-66 

0  -5372 

Propyl     „     

0-530 

Butyl      „     

0  -5216 

Heptyl    „     

0  -4954 

Octyl       , 

0-480 

,                     Symmetrical  ethers . . . 

.    32-86 

0-520 

Phenyl  ethers 

Ortho-xylyl  ethers. . . . 
Metaxylyl         „      .... 
Paraxylyl         „      .... 

57-60 
53-22 
56-45 
54-95 

0-425 
0-438 
0  -429 
0-434 

In  the  fatty  series,  the  constant  a  increases  with  the  molecular 
weight,  whilst  h  diminishes.  The  constants  for  the  methyl  series 
occupy  an  abnormal  position,  being  almost  equal  to  those  of  the  propyl 
series.  The  symmetrical  ethers,  on  the  other  hand,  have  constants 
nearly  identical  with  those  of  the  butyl  ethers.  In  the  case  of  the 
aromatic  series,  the  phenyl  ethers  have  a  larger  a  and  a  smaller  h  than 
their  higher  homologues — a  distinct  contrast  to  the  fatty  series.  The 
differences  between  the  constants  of  the  isomeric  xylyl  series  are 
more  considerable  than  one  might  a  priori  have  expected. 

The  curves  represented  by  the  equation  T  =  aM*  are  of  a  parabolic 
nature,  and  would  be  true  parabolas,  if  h  were  0-5 — a  value  about 
which  the  actual  constants  fluctuate,  ranging  from  0-429  to  0-537. 

The  formula  T  =  aM*  is  not  only  tolerably  satisfactory  as  an 
empirical  expression  for  the  connection  between  the  boiling  point  and 
composition  of  similarly  constituted  compounds,  but  is  of  somewhat 
simpler  theoretical  significance  than  at  first  sight  appears.  After 
attempts  had  been  made  by  Groshans  and  Burden  (Phil.  Mag.,  [4], 
41,  528)  to  establish  a  direct  relationship  between  the  boiling  point 
.in  the  absolute  scale  and  the  molecular  weight,  the  late  Professor 
C.  I.  Burton,  in  a  paper  (unfortunately  never  published)  which  he  read 
before  the  Edinburgh  University  Chemical  Society,  stated  that  in 
the  case  of  the  normal  saturated  hydrocarbons  and  some  of  their 

*  There  are  only  Jive  actually  determined  in  each  series,  but  the  missing  amyl 
and  heiyl  members  would  undoubtedly  fall  on  tlie  curve. 
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halogen  derivatives,  the  following  relation  held  good  with  fair 
approxiraatiou. 

Ti  -  Ta  _  ,  Ml  -  Ma 
T,  M,       ' 

Ti  and  Tj  were  the  boiling  points  in  the  absolute  scale  of  two  con- 
secutive members  of  the  homologous  series  ;  Mj  and  M^  the  corre- 
ponding  molecular  weights  ;  b  being  a  constant.  Now,  if  we  treat 
the  molecular  weight  as  a  continuous  variable,  this  relation  may  be 
stated  in  the  differential  form 

c7T_  .m 

T    ~     M  ' 
which  is  easily  deducible  from  the  equation 

T  =  aM*. 
For,  if  we  take  the  logarithm  of  both  sides  of  this  equation,  we  have 

logT  =  log  a  +  &logM, 
which,  on  differentiation,  becomes 

dT       ^dU 
.  .  ^=^M' 

identical  with  the  differential  form  of  Burton's  relation.  Stated  in 
words,  this  empirical  relation,  so  far  as  it  may  be  found  to  apply  to 
homologous  series,  will  take  the  following  form  : — The  percentage 
difference  of  the  boiling  points  (expressed  in  the  absolute  scale)  of 
two  consecutive  members  of  a  homologous  series  will  be  proportional 
to  the  percentage  difference  of  their  molecular  weights.  That  is, 
the  proportionate  change  on  the  boiling  point  when  we  proceed  from 
one  member  of  a  series  to  the  next,  when  divided  by  the  proportionate 
change  on  the  molecular  weight,  gives  a  number  which  is  constant 
for  the  series.  This  relationship  is  an  extremely  simple  one,  and  not 
far  from  the  truth. 

Another  and  more  general  mode  of  stating  the  relation  may  be 
derived  from  the  logarithmic  equation  given  above.  For  any  two 
members  (not  necessarily  successive)  of  a  homologous  series  we  have 
the  equations 

log  Ti  =  log  a  -\-  b  log  Ml 
and  logTj  =  log  a  +  ^logMj. 

Subtracting,  we  obtain 

logTi  —  logTj  =  6(logMi  -  logMj) 

In  words  this  relation  is  expressed  as  follows  : — The  logarithm  of 
the  ratio  of  the  boiling  points  of  any  two  members  of  a  homulogouti 
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series,  divided  by  the  logarithm  of  the  ratio  of  their  molecular  weights, 

is  a  constant.     The   boiling   points   must,  of  course,  be  given   in  the 

absolute   scale   of    temperature.     As   a   favourable   example   of  the 

accuracy  of  this  rule,  we  may  take  the  butyl  ethers.     The  quotient 

T  M 

log  T-r/log  tTT  ior  various  pairs  is  given  in  the  following  table  : — 

log  — '  /  log  — '. 

'  Ethyl-propyl 0-530 

Propyl-butyl 0-519 

Butyl-heptyl 0-520 

Heptyl-octyl 0-523 

In  the  other  series,  the  quotients  vary  more,  but  there  is  always  an 
approximation  to  constancy,  for  on  this  the  validity  of  the  formula 
T  =  <3tM*  depends. 

University  College,  London. 


XXIII. — Note  on  the  Liberation  of  Clilorine  during  the 
heating  of  a  Mixture  of  Fotassic  Chlorate  and 
Manganic  Peroxide. 

By  Herbert  McLeod* 

In  a  paper  published  in  the  Berichte,  26,  1790  (Abstr.,  1893,  ii,  464), 
0.  Brunck  states  that  the  active  substance  evolved  when  potassic 
chlorate  and  manganic  peroxide  are  heated  together,  and  which  has 
hitherto  been  supposed  to  be  chlorine,  is,  in  reality,  ozone.  This 
paper  naturally  interested  me,  for  if  chlorine  is  not  evolved  during 
the  heating  of  the  mixture,  the  explanation  of  this  catalytic  action 
which  I  ventured  to  suggest  (Trans.,  1889,  55,  184)  would  be 
entirely  erroneous  ;  it  seemed  therefore  desirable  to  make  some  further 
experiments  on  the  subject. 

I  must  plead  guilty  to  some  carelessness  in  not  having  directly 
proved  that  the  active  substance  was  chlorine,  but  the  tradition  of 
many  decades  had  so  impressed  me  with  the  idea  that  chlorine  was 
evolved  that  it  never  crossed  my  mind  to  question  it.  It  will  be 
remembered  that,  in  the  experiments  of  1889,  the  mixture  of  potassic 
chlorate  and  manganic  peroxide  was  placed  in  a  test  tube  and  heated 
in  mercury,  or  in  the  vapour  of  mercury,  and  the  evolved  gas  passed 
through  a  JJ-tube  containing  a  solution  of  potassic  iodide;  after 
acidifying  the  solution  with  hydrochloric  acid,  the  liberated  iodine 
.-waa  determined  by  a  standard  solution  of  sodic  thiosulphate.     The 
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phenomena  would  obviously  be  the  same  if  either  chlorine  or  ozone 
liad  been  produced.  It  was  noticed  that  when  about  10  per  ceij.t.  of 
manganic  peroxide  was  used  there  was  more  iodine  liberated  than 
when  1  per  cent,  was  employed,  and  also  that  more  iodine  was  found 
when  precipitated  manganic  peroxide  was  substituted  for  the  coarser 
native  oxide. 

In  the  recent  experiments,  an  ammoniacal  solution  of  argentic 
nitrate  was  placed  in  the  (J  -tube,  and  after  the  gas  had  passed  through 
it  the  solution  was  acidified  with  nitric  acid. 

In  the  first  experiment,  3"  1432  grams  of  powdered  potassic  chlorate 
and  03228  gram  of  granular  manganic  peroxide  were  placed  in  a 
test  tube,  which  was  then  connected  to  a  U-t'Ube  containing  argentic 
nitrate,  to  which  a  sufficient  quantity  of  ammonia  had  been  added  to 
dissolve  the  precipitate  first  formed  ;  in  order  to  prevent  loss,  another 
U -tube  containing  some  of  the  same  sohition  was  attached  to  the  first. 
To  stop  any  potassic  chloride  from  being  carried  over  mechanically 
into  the  solution,  some  asbestos  was  placed  in  the  connecting  tube 
between  the  test  tube  and  the  first  IJ-^-^be.  The  test  tube  was  then 
heated  in  mercury  vapour,  and  there  was  a  rapid  evolution  of  oxygen. 
In  the  first  U-'-i^be  a  considerable  quantity  of  white  fume  was  formed, 
there  being,  also,  a  small  quantity  in  the  second  tube.  On  acidifying 
the  contents  of  the  (J -tube  with  nitric  acid,  the  liquid  in  the  first 
tube  gave  a  milkiness,  and  that  in  the  second  tube  a  slight  turbidity. 
The  liquids  were  mixed,  heated  to  boiling,  allowed  to  stand  for  24 
hours,  and  the  precipitate  collected,  ignited,  and  weighed,  when 
0*0045  gram  of  argentic  chloride  was  found,  corresponding  to  0"035  per 
cent,  of  chlorine  on  the  potassic  chloi'ate  employed. 

As  there  might  be  some  uncertainty  as  to  the  complete  removal  of 
suspended  potassic  chloride  by  the  small  quantity  of  asbestos  in  the 
connecting  tube,  one  of  the  JJ-^i^bes  was  filled  with  dry  glass  beads, 
the  second  U-^^^s  containing  ammoniacal  argentic  nitrate.  3'156o 
grams  of  potassic  chlorate  and  03229  gram  of  granular  manganic  per- 
oxide were  heated  in  the  test  tube;  the  gas  passed  very  rapidly,  and 
a  little  of  the  solution  was  projected.  The  quantity  of  argentic 
chloride  was  0*0028  gram,  corresponding  to  0*022  per  cent,  of  chlorine 
on  the  chlorate  used.  These  quantities  of  chlorine  are  not  dissimilar 
from  those  given  in  the  previous  paper,  when  the  determination  was 
made  by  means  of  potassic  iodide. 

It  appeared  of  interest  to  determine,  if  possible,  at  what  stage  of 
the  process  the  chlorine  is  evolved,  or  whether  the  evolution  occurs 
during  the  whole  of  the  reaction. 

In  the  previous  paper,  I  suggested  that  chlorine  is  liberated  owing 
to  the  formation  of  potassic  permanganate,  and  that  the  latter  is  then 
decomposed  into  potassic  manganate,  manganic  peroxide,  and  oxygen, 
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and  that,  if  any  chlorine  was  produced  later  it -would  not  pass  oflE  with 
the  oxygen,  but  would  decompose  the  potassic  manganate  with  forma- 
tion of  potassic  chloride,  manganic  peroxide,  and  oxygen.  If  this  is 
the  true  explanation,  the  chlorine  might  be  expected  to  be  evolved 
only  in  the  first  stage  of  the  action. 

Many  experiments  were  made  to  endeavour  to  settle  this  question. 
Mixtures  of  potassic  chlorate  and  manganic  peroxide  were  made  in 
various  proportions  and  heated  in  different  ways,  the  chlorine  evolved 
at  the  beginning,  middle,  and  end  of  the  process  being  determined, 
but  the  results  were  not  definite.  There  was  always  more  chlorine 
when  the  evolution  of  oxygen  was  rapid,  and  this  happened  even  at 
the  end  of  some  of  the  operations.  Perhaps  these  experiments  were 
mere  waste  of  time,  for  the  appearance  of  the  mixture,  after  heating, 
seemed  to  indicate  that  the  action  was  complete  at  the  part  affected 
and  the  stopping  of  the  heating  at  any  stage  of  the  decomposition 
merely  left  some  portion  of  the  mixture  entirely  unaltered. 

In  order  to  make  sure  that  the  whole  of  the  chlorine  reached  the 
ammoniacal  argentic  nitrate,  the  apparatus  was  slightly  modified,  the 
test  tube  being  replaced  by  a  tube  provided  with  a  delivery  tube 
sealed  to  its  side,  and  down  the  axis  of  the  tube  a  narrower  one  was 
fixed,  through  which  air  could  be  driven  to  sweep  out  the  gas. 

Brunck  points  out  that  if  chlorine  is  evolved  when  potassic  chlorate 
and  manganic  peroxide  are  heated  together,  the  residue  should  be 
alkaline,  which  is  not  the  case ;  the  same  statement  is  made  in  my 
previous  paper  (p.  191),  although  other  observers  have  detected  the 
alkaline  character  of  the  residue.  I  had  always  tested  the  aqueous 
extract  of  the  residue  with  litmus  paper,  but  without  result.  On  con- 
sidering, however,  the  very  small  quantity  of  chlorine  that  is  liberated, 
one  recognises  how  little  potassic  hydrate  must  be  present  in  the 
extract  of  the  residue,  and  if  we  further  remember  that  only  a  very 
small  fraction  of  this  comes  in  contact  with  the  test  paper,  it  is  not 
surprising  that  the  alkalinity  is  not  perceived.  If,  however,  the  solu- 
tion is  mixed  with  a  measured  quantity  of  solution  of  litmus  and  then 
compared  with  the  same  quantity  of  litmus  diluted  to  a  volume  equal 
to  that  of  the  mixture,  the  alkalinity  of  the  residue  is  at  once  per- 
ceptible, and  can  be  determined  by  means  of  a  centinormal  solution 
of  oxalic  acid.  1  c.c.  of  such  a  solution,  containing  000063  gram  of 
oxalic  acid,  will  neutralise  000056  gram  of  potassic  hydrate,  and  be 
equivalent  to  0*000354  gram  of  chlorine. 

32416 grams  of  potassic  chlorate  and  03106  of  manganic  peroxide 
were  heated  together  in  a  test  tube  surrounded  by  mercury  vapour. 
The  residue  was  extracted  with  water,  the  solution  filtered  and  mixed 
with  neutral  solution  of  litmus.  1"18  c.c.  of  oxalic  acid  were  required 
to  bring  the  colour  as  near  as  could  be  judged  to  the  same  tint  as  a 
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solution  containing  the  same  quantity  of  litmus.  This  corresponds 
to  0000416  gram  of  chlorine,  or  0*013  per  cent,  of  the  potassic  chlorate 
used. 

A  tabular  arrangement  may  show  the  result  more  strikingly,  and 
also  facilitate  the  comparison  of  the  numbers  obtained  when  the 
chlorine  was  determined  by  weighing  the  argentic  chloride  precipi- 
tated, from  the  ammoniacal  solution  of  argentic  nitrate,  and  the 
amount  calculated  from  the  alkalinity  of  the  extract  of  the  residue. 


Potassic 
chlorate, 
grams. 

Manganic 

peroxide, 

grams. 

Manganic 
peroxide, 
per  cent. 

on 
chlorate. 

Argentic 

chloride, 

grams. 

Chlorine  calculated 

from  araeniic 

chloride. 

N 

100 

oxalic 

acid,  c.c. 

Chlorine  calculated 
from  alkalinity. 

Grams. 

Per  cent. 

on 
chlorate. 

Grams. 

Per  cent. 

on 
chlorate. 

3-1432 
3-1563 
3-2416 
1  -4793 
3  -^458 
3  -8249 

0  -3228 
0 -3229 
0-3106 
0-1667 
0-7183 
0 -4089 

10-270 
10-230 
9  -582 
11-201 
22-130 
10-690 

0  -0045 
0  -0028 

0-0016 
0-0067 
0  -0036 

0-0011 
0-00069 

0-000396 
0-001409 
0  -00089 

0-035 
0-022 

0-027 
0-043 
0-023 

1-18 
0-6 
2-0 
2-61 

0-000416 
0  000177 
0 -000708 
0  -000888 

0-018 
0  012 
0  -022 
0-023 

In  the  last  case,  the  two  numbers  agree  exactly  ;  in  the  previous 
ones,  the  chlorine  estimated  as  argentic  chloride  is  about  double 
that  obtained  from  the  alkalinity.  This  is  no  doubt  partly  due  to  in- 
sufficient washing  of  the  very  small  quantity  of  the  chloride,  and 
partly  due  to  the  difficulty  of  obtaining  the  two  solutions  of  the  same 
tint  during  the  titration. 

"When  the  residue  is  dissolved  in  water,  small  bubbles  of  gas  are 
always  seen  to  rise  in  the  liquid ;  these  may  consist  of  gas  that  has 
been  retained  in  the  porous  mass,  or  they  might  be  formed  by  the  de- 
composition of  potassic  peroxide  by  the  manganic  peroxide.  Some  of 
the  residue,  mixed  with  water,  was  immediately  placed  in  a  cylinder 
containing  dilute  sulphuric  acid,  potassic  dichromate,  and  ether,  but 
the  production  of  perchromic  acid  did  not  take  place,  which  would 
indicate  that  potassic  peroxide  is  probably  not  formed. 

I  have  made  only  one  experiment  to  test  for  ozone  in  the  gas 
evolved.  A  mixture  of  potassic  chlorate  with  about  10  per  cent,  of 
manganic  peroxide  was  placed  in  a  tube,  connected  to  the  (J -tube 
filled  with  beads  which  were  saturated  with  a  strong  solution  of  sodic 
hydrate.  The  second  U-tube  contained  a  solution  of  potassic  iodide. 
On  heating  the  mixture  by  mercury  vapour,  gas  was  rapidly  evolved, 
but  there  was  no  coloration  of  the  potassic  iodide  on  the  addition  of 
hydrochloric  acid,  so  it  would  seem  that,  under  these  circumstances, 
ozone  was  not  formed.  The  sodic  hydrate  was  made  from  sodium,  and 
was,  therefore,  not  likely  to  contain  any  peroxide  which  might  have 
decomposed  the  ozone. 
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XXTV. — The  Tsoraerism  of  the  Paraffinic  Aldoximes. 

By  Wyndham  R.  Dunstan,  M.A.,  F.R.S.,  and  T.  S.  Dymond,  F.I.C, 

Research  Fellow  of  the  Pharmaceutical  Society. 

In  recent  years,  it  has  been  observed  that  the  oximes  of  certain 
aldehydes  and  ketones,  chiefly  belonging  to  the  benzene  series,  are 
capable  of  existing  in  more  than  one  forra.  A  consideration  of  the 
properties  of  these  modifications  has  led  several  chemists  who  have 
studied  them  to  the  conclusion  that  the  isomerism  cannot  be  satis- 
factorily accounted  for  by  ordinary  structural  formulae.  More  than 
one  attempt  has  been  made  to  explain  the  existence  of  isomeric 
oximes  by  an  application  of  the  stereochemical  theory,  originally  sug- 
gested by  Yan't  Hoff,  which  has  proved  to  be  of  such  service  in 
interpreting  the  isomerism  of  certain  non-nitrogenous  carbon  com- 
pounds. In  particular,  the  extension  of  this  theory  to  the  oximes 
whiqh  has  been  proposed  by  Hantzsch  and  Werner  (Ber.,  23,  1  and 
1243  et  seq.)  has  been  experimentally  developed  to  a  considerable 
extent,  and  is  now  generally  accepted  as  furnishing,  at  any  rate,  a 
useful,  if  not  a  wholly  satisfactory,  working  hypothesis. 

According  to  this  hypothesis,  the  triad  nitrogen  in  oximes  is  to  be 
conceived  of  as  directing  its  three  affinities  towards  the  three  angles 
of  a  tetrahedron,  the  fourth  angle  of  which  is  occupied  by  the 
nitrogen  atom  itself.  In  the  case  of  symmetrical  oximes,  where  the 
carbon  atom  is  united  with  two  identical  organic  radicles,  no  iso- 
merism is  possible;  only  one  stereochemical  formula  can  be  con- 
structed. 

In  the  case  of  unsymmotrical  oximes,  however,  where  the  carbon 
atom  is  joined  to  the  different  radicles,  Ri  and  Rj,,  it  is  possible  to 
construct  two  stei'eochemical  formulae,  in  one  of  which  the  hydroxyl 
group  occupies  a  position  corresponding  with  that  of  one  of  these 
radicles,  Ri,  whilst  a  second  formula  may  be  written  in  which  the 
hydroxyl  group  is  in  a  similar  position  with  respect  to  the  other 
radicle,  Ro. 


Antialdoxime. 


Sjnaldoxime. 
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In  the  aldoximes,  hydrogen  takes  the  place  of  one  of  the  organic 
radicles  of  the  ketoximes,  as  shown  in  the  formulae  written  above. 

As  a  matter  of  fact,  the  conception  of  coiTcsponding  positions, 
which  is  the  essence  of  this  theory,  may  be  adequately  represented  by 
two-dimensional  formulae,  and  these  are  now  generally  employed  for 
the  purpose.  The  use  of  these  formulae  does  not  necessitate  the 
adoption  of  any  particular  view  as  to  the  stereochemistry  of  the 
nitrogen  atom ;  both  Hantzsch's  view  and  the  later  and  apparently 
simpler  theory  suggested  by  Pickering  (Trans.,  1893,  63,  1069),  in 
Avhich  the  nitrogen  is  conceived  to  be  fundamentally  pentad,  involve 
the  same  idea  of  corresponding  positions. 

An  oxime  existing  in  the  form  in  vehich  the  hydroxyl  and  hydrogen 
occupy  corresponding  positions  will  very  readily  change  into  a  nitrile, 
owing  to  the  interaction  of  these  constituents,  water  separating.  This 
isomeride  is  distinguished  as  a  p-  or  syn-aldoxime. 

R-C-H  H         ,    R-C 

II  =1         +       III  . 

N-OH         OH  N 

Owing  to  the  readiness  with  which  this  interaction  occurs,  the 
benzeno'id  synaldoximes  furnish  nitriles,  and  not  acetyl  derivatives, 
when  acted  on  with  acetic  oxide  or  chloride,  whilst  the  antialdoximes, 
in  which  the  hydrogen  and  hydroxyl  do  not  occupy  corresponding 
positions,  afford  more  or  less  stable  acetyl  derivatives. 

H-C-R  R-C-H 

II  II 

K-OH  N-OH 

a-  or  Anti-aldoxime.  /3-  or  Syn-aldoxime. 

It  is  unnecessary  to  fully  describe  here  the  several  ways  in  which 
this  theory  has  been  experimentally  developed,  since  the  recent  work 
on  the  subject  is  familiar  to  all  organic  chemists.  There  is,  however, 
one  aspect  of  the  question  to  which  attention  must  be  directed 
since  it  has  an  important  connection  with  some  of  the  results  we 
have  obtained  in  the  course  of  our  enquiry.  Beckmann  (Ber.,  19, 
988  et  seq.)  showed  some  years  ago  that  certain  ketoximes  undergo 
a  remarkable  isomeric  change  when  they  are  acted  on  by  certain 
reagents,  notably  by  phosphorus  pentachloride  or  sulphuric  acid. 
The  ketoxime  is  converted  into  an  acid  amide,  the  oxygen  (pr 
hydroxyl)  of  the  oxime  which  is  combined  with  nitrogen  passing 
into  combination  with  carbon.  Thus  the  oxime  of  benzophenone, 
(CeH5)jC:N-0H,  furnishes  benzanilide,  CeHj-CO-NH-C.Ha  or 

C6H5-C(OH):N-CoH5, 
the  hydroxyl  and  one  of  the  phenyl  groups  exchanging  their  relative 
positions.     Symmetrical  ketoximes  furnish  only  one  acid  amide,  but 
unsymmetrical    ketoximes,     R,-RjClN0H,     furnish     two,     that  ,  ia, 
Ri-CO-NH-Rj  and  R,-CO-NH-Ri. 
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Hantzsch  (Ber.,  24,  22)  has  pointed  oat  that  the  formation  of  two 
amides  results  from  the  existence  in  the  original  substance  of  two 
stereochemical  forms  of  the  unsymmetrical  ketoxime,  the  formation 
of  the  particular  amides  being  conditioned  by  the  correspondence  in 
the  position  of  the  two  radicles  in  respect  of  the  hydroxyl  group,  the 
corresponding  radicle  in  each  case  exchanging  its  position  with 
hydroxyl. 

Ri-CR2  Ri-C-OH  Ri-C:0 

II  — ».  II  —  I 

N-OH  N-R,  NHR, 

Syn-Rj-form.  Amide  (labile  form).         Amide  (stable  form). 

R^'C-Ri  R2-C-0H  R^'CO 

N-OH  N-Ri        ~"  NHRi 

Anti-Rj-form.        Amide  (labile  form).        Amide  (stable  form) . 

The  so-called  Becknmnn's  change  may  therefore  be  employed  in 
determining  the  particular  form  of  any  isomeric  ketoxime. 

So  far,  these  isomeric  aldoximes  and  ketoximes  have  only  been 
obtained  from  benzene  derivatives ;  indications  have  been  obtained  of 
the  existence  of  isomerides  of  certain  unsymmetrical  ketoximes  of  the 
paraflBn  series,  but  it  has  not  been  possible  to  isolate  an  isomeride. 
Experiments  which  have  been  made  with  the  liquid  aldoximes  of  the 
paraffin  series  seemed  to  show  that  only  the  syn aldoximes  exist 
(DoUfus,  Ber.,  24,  1908).  In  any  case  it  was  to  be  expected,  from 
the  different  characters  of  phenyl  and  methyl,  that  the  isomerides  of 
the  paraffinic  aldoximes  would  be  far  less  stable  and  more  difficult 
to  isolate.  Moreover,  the  circumstance  that  the  paraffinic  aldoximes 
have  hitherto  been  known  only  in  the  liquid  condition  has  increased 
the  difficulty  of  determining  whether  they  exist  in  isomeric  forms  or 
not.  Benzaldoxime,  CsHs'CHIN'OH,  occurs  in  two  well-defined 
forms,  according  to  the  observations  of  Beckmann  :  the  one  a  liquid 
at  ordinary  temperatures,*  the  other  a  crystalline  solid  melting  at 
129°.     The  formulae  assigned  to  them  are 

CeH^-C-H  H.(^-CeH« 

N-OH  N-OH 

/3-  or  Benzsynaldoxime  (m.  p.  129°).      a-  or  Benzantialdoxime  (m.  p.  34°). 

The  yS-compound,  when  heated  or  when  acted  on  by  alkalis,  slowly 
changes  into  the  a-modification.  On  the  other  hand,  the  a-modifica- 
tion  may  be  converted  into  the  hydrochloride  of  the  ^-modification 
by  acting  on  it  with  gaseous  hydrogen  chloride  (see  also  Proc,  1893, 
p.  263). 


•  One  of  us  in  conjunction  with  Mr.  C.  M.  Luxmoore   (Proc,  1893,  253),  has 
Bhown  that  this  substance  is  a  crystalline  solid  melting  at  34°. 
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Properties  of  Crystalline  and  Liquid  Acetaldoxlme. 

Some  time  ago,  we  succeeded  in  crystallising  acetaldoxime,  whicli 
had  hitherto  been  regarded  as  a  liquid  substance.  We  also  observed 
that  the  crystals,  when  heated,  are  gradually  transformed  into  a 
liquid  modification.  A  brief  account  of  these  observations  has  already 
been  communicated  to  the  Society  (Trans.,  1892,  61,  470 ;  Proc. 
1892,  89),  and  we  now  desire  to  put  on  record  a  full  account  of  the 
experiments  we  have  made  on  this  sabject,  and  to  state  the  con- 
clusions to  which  we  have  been  led. 

We  have  already  pointed  out  that  acetaldoxime  is  most  con- 
veniently prepared  by  the  reaction  of  aldehyde-ammonia  with  hydroxyl- 
amine  hydrochloride.  The  pure  substance  boils  at  114'5°  (corr.),  and, 
when  supercooled  in  ice  after  having  been  recently  distilled,  it  almost 
entirely  solidifies  to  a  mass  of  long,  stout,  acicular  crystals  which,  if 
pressed  quite  free  from  adhering  liquid,  melt  at  46-5°  (corr.)  ;  the  entire 
mass  melts  several  degrees  lower.  On  combustion,  the  crystals 
furnished  the  following  data. 

0-1022  gave  0-1515  CO2  and  00818  H,0.     C  =  40-4.S  ;  H  =  8-79. 
C2H5NO  requires  C  =  40-67 ;    H  =  847  per  cent. 

When  these  crystals  are  melted,  and  the  liquid  is  kept  at  the  melting 
point  for  a  short  time,  it  does  not  solidify  until  it  has  been  cooled 
several  degrees  below  the  temperature  at  which  the  crystals  melted, 
even  if  a  crystal  of  the  original  substance  is  introduced  into  it.  The 
longer  the  liquid  is  heated  in  this  way,  the  greater  is  the  reduction  of 
the  freezing  point,  but  the  maximum  reduction  it  has  been  found 
possible  to  effect  is  to  13°,  that  is,  33"5°  below  the  melting  point  of 
the  original  substance.  The  fall  to  this  point  occurs  slowly  when  the 
temperature  is  near  that  of  melting,  but  if  the  original  liquid  is 
heated  at  100°,  the  change  is  rapidly  brought  about,  and  freezing 
cannot  be  effected  above  13°,  even  by  "  touching  off  "  with  a  crystal. 
No  chemical  decomposition  accompanies  the  change ;  the  liquid  freez- 
ing at  13°  distils  constantly  at  114-5°,  and  furnishes,  on  combustion, 
the  same  data  as  the  original  crystals.  The  liquid  thus  produced 
does  not,  however,  consist  entirely  of  a  new  modification  of  acet- 
aldoxime ;  it  behaves  as  a  solution  of  the  solid  oxime  in  a  liquid 
modification.  The  liquid  does  not  completely  solidify,  and  the 
crystals  which  separate  from  it  at  13°  consist  of  the  original  modifica* 
tion  ;  when  pressed  quite  free  from  adhering  liquid,  they  melt  at 
46-6°.  The  residual  liquid,  when  further  cooled,  yields  more  of  these 
crystals,  and,  by  repeating  the  process,  the  whole  of  the  liquid  may 
be  obtained  as  the  crystalline  modification.  At  all  temperatures,  an 
equilibrium  seems  to  be  established  between  the  two  modifications  ; 
the  lower  the  temperature,  the  more  of  the  crystalline  form  is  pro-.. 
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dnced,  and  vice  versa.  Although,  it,  is  possible  to  separate  the  solid 
modification  in  a  pure  state,  no  method  we  have  tried  has  been  suc- 
cessful in  leading  to  the  isolation  of  the  pure  liquid. 

The  fact  that  acetaldoxime  crystallises  has  been  observed,  since  we 
commenced  our  experiments,  by  Franchimont  (Bee.  Trav.  Chim.,  x,  5, 
236;  Abstr.,  1892,  951),  who  also  searched,  without  success  however, 
for  evidence  of  isomerism.  He  attributed  the  non-crystallisation  of 
the  freshly-distilled  liquid  to  the  presence  of  impurity.  The  results 
recorded  above  show  that  this  is  not  the  true  explanation.  It  is 
evident  that  the  efPect  is  due  to  the  passage  of  the  solid  oxime  into  a 
liquid  modification. 

Molecular  Weights  of  the  two  Modifications. — In  order  to  ascertain 
whether  the  two  modifications  of  acetaldoxime  are  polymeric  or 
isomeric,  determinations  of  the  molecular  weight  of  each  have  beeu 
made  by  Raoult's  method.  Using  benzene  as  the  solvent,  the  follow- 
ing results  were  obtained. 

I.  Crystalline  modification. 

Weight  of  subsj:ance 0*0309  gram 

Weight  of  solvent 3"0591  grams 

Freezing  point  of  solvent 5*62° 

Freezing  point  of  solution S'lSS" 

Depression  for  1  gram  of  substance 

to  100  grams  of  solvent   0-480' 

Molecular  depression  of  benzene,  49 ;  hence  mol.  wt.  of  substance, 

— ^  =  102-5.     Calculated  for  CH^NO,  59. 

0-480 

II.  Liquid  modification  (crystals  heated  for  one  hour  at  150°  J 
f.,p.l3°). 

Weight  of  substance  . 0-0518  gram 

Weight  of  solvent 2-9176  grams 

Freezing  point  of  solvent 5-55° 

Freezing  point  of  solution 4-75° 

Depression  for  1  gram  of  substance 

to  100  grams  of  solvent 0-4507° 

Molecular  depression  of  benzene,  49  ;  hence  mol.  wt.  of  substance, 

f ^,  -    =  108.     Calculated  for  CH^NO,  59. 
04507 

The  molecular  weights  of  the  solid  and  liquid  modifications  are  there- 
fore the  same ;  the  slightly  higher  result  obtained  with  the  liquid  is 
ptobably  due  to  la  little  decomposition  which  occurred  at  the  high ' 
temperature  to  which  it  was  heated. 

The  molecular  weight  is,  however,  much  greater  than  that  corre-i ' 
gponding  with  the  forpiula  CjHjNO.    It  has  been  noticed  that  certain  ' 
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aromatic  oximes  afford  high  numbers  when  determinations  are  made 
with  benzene  as  a  solvent,  but  give  the  usual  values  when  acetic  acid 
is  used  to  dissolve  them.  The  determination  of  the  molecular  weight 
of  each  modification  was  therefore  repeated,  using  acetic  acid  as  the 
solvent. 

I.  Solid  modification,  m.  p.  46*5''. 

Weight  of  substance 0"0849  gram 

Weight  of  solvent 4"5082  grams 

Freezing  point  of  solvent 1465° 

Freezing  point  of  solution 13"47° 

Depression  for  1  gram  of  substance 

to  100  grams  of  solvent 0-6260° 

Molecular  depression  of  acetic  acid,  39  ;  hence  mol.wt.  of  substance 

89 
Q  .Q.;,QQ  =  62.     Calculated  for  C2H5NO,  59. 

II.  Liquid  modification,  f.  p.  13'. 

Weight  of  substance 0'0846  gram 

Weight  of  solvent 4'2699  ^rams 

Freezing  point  of  solvent 14*65° 

Freezing  point  of  solution 13'47° 

Depression  for  1   gram  of  substance 

to  100  grams  of  solvent 0-596' 

Molecular  depression  of  acetic  acid,  39  ;  hence  mol.  wt.  of  substance, 

39      _  „„ 
0  -6896  ~  ^^• 

The  two  modifications  are  again  found  to  possess  the  same  mole- 
cular weight,  which,  when  acetic  acid  is  used  as  the  solvent,  shows  a 
fairly  close  approximation  to  that  required  by  the  formula  C2H5NO.  - 

It  is,  therefore,  proved  that  the  two  modifications  of  acetaldoxime 
are  isomeric  and  not  polymeric. 

Relative  Densities  and  Magnetic  Rotations  of  the  Two  Modifications. — 
There  is  a  small  difTerence  between  the  relative  densities  of  the  two 
modifications.  The  relative  density  of  the  solid  modification  at  its 
melting  point,  compared  with  water  at  the  same  temperature,  is 
0'9o44 ;  whilst  that  of  the  liquid  modification  under  the  same  con- 
ditions is  0-9506. 

Dr.  Perkin  has  kindly  determined  the  magnetic  rotation  of  the  two 
substances,  of  the  solid  near  its  melting  point  and  of  the  liquid  at  the 
same  temperature.  The  specific  rotation  of  the  crystalline  modifica- 
tion at  41-53°  was  0*9922,  and  that  of  the  liquid  0-9863  at  42*5°,  the 
molecular  rotations  being  3-400  and  3*395  for  the  sold  and  liquid 
respectively. 

YOL.  LXV.  .  Q 
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It  may  be  concluded  from  these  results  that  the  rCiative  density 
and  magnetic  rotation  of  the  liquid  are  somewhat  less  than  those 
of  the  solid  under  similar  conditions.  It  must  be  borne  in  mind  that 
the  actual  difference  between  the  two  modifications  in  the  pure  state 
will  be  greater  than  that  observed,  since  the  liquid  is  known  not  to  be 
a  pure  substance,  but  a  solution  of  one  modification  in  the  other,  whilst 
in  melting  the  crystals  for  the  purpose  of  measurement  some  change 
inevitably  takes  place,  and  a  small  quantity  of  the  liquid  modification 
is  formed. 

The  physical  properties  of  the  two  substances  throw  very  little 
light  on  the  nature  of  the  isomerism.     If  it  is  assumed  that  the  solid 

is  represented  by  the  formula  i  ^0,  and  the  liquid  by  the  formula 

CHa'CHIN'OH,  since  aoetamide  possesses  a  higher  molecular  rotation 
(8'434  at  14"25°),  the  difference  between  the  rotations  of  these  two 
compounds  would  be  very  small.  Nothing  is  at  present  known  with  re- 
ference to  the  differences  between  the  relative  densities  and  magnetic 
rotations  of  stereochemical  isomerides  of  nitrogen  compounds. 

Chemical  Properties  of  the  Two  Modifications. 

Action  of  Hydrogen  Chloride. — When  the  crystalline  aldoxime  is 
dissolved  in  ether,  and  the  solution  charged  with  dry  hydrogen 
chloride  at  — 20°,  an  abundant  crystalline  precipitate  of  the  hydro- 
chloride, C2H5N0,HC1,  is  thrown  down.  This  substance  is  so  hygro- 
scopic that  it  is  very  difficult  to  examine  its  properties ;  on  exposure 
to  air,  it  very  rapidly  absorbs  moisture  and  loses  hydrogen  chloride, 
and  when  warmed  it  suffers  decomposition,  violently  at  100",  am- 
monium chloride  being  formed. 

The  liquid  aldoxime  dissolved  in  ether  and  charged  with  hydrogen 
chloride  at  15°  furnished  what  appeared  to  be  the  same  crystalline 
hydrochloHde. 

Action  (f  Acetic  Anhydride. — It  has  been  inferred  from  the  experi- 
ments of  Lach  (Ber.,  17,  1571)  on  the  action  of  acetic  anhydride  on 
oenanthaldoxime  and  the  glyoxalines,  which  showed  that  nitriles  and 
not  acetyl  derivatives  are  formed,  that,  in  general,  paraffinic 
aldoximes  do  not  furnish  acetyl  derivatives,  but  the  corresponding 
nitriles,  a  molecule  of  water  being  separated. 

We  could  not  find,  however,  that  any  experiments  had  been  made 
with  acetaldoxinie,  and  we  therefore  decided  to  work  with  both  of  its 
modifications.  Whilst  our  experiments  were  in  progress,  a  paper 
appeared  by  Dollfus  (Ber.,  25,  1908)  describing  the  result  of  experi- 
ments he  had  conducted  in  Hantzsch's  laboratory  on  the  action  of 
acetic  anhydiide  on  various  paraffinic  aldoximes,  including  aoetald- 
oxime.     He   found   that  liquid   acetaldoxime   and  acetic  anhydride 
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interact  in  the  cold,  producing  a  colourless  liquid  which  completely 
evaporated  when  exposed  in  a  desiccator  containing  sulphuric  acid 
and  lime.  By  acting  on  this  liquid  with  a  strong  solution  of  potas- 
sium carbonate,  an  almost  quantitative  yield  of  acetonitrile  was 
obtained.  From  the  circumstance  that  ordinary  liquid  acetaldoxirae 
furnishes  no  acetyl  derivatives  under  these  conditions,  but  loses  water, 
producing  the  nitrile,  Dollfus  concludes  that  acetaldoxime  exists  only 

,         ,.       CHs-C-H 
m  the  /3-  or  syn-connguration,  M 

We  have  made  a  number  of  experiments  with  reference  to  the^ 
action  of  acetic  anhydride  on  the  crystalline  and  liquid  acetaldoxime 
with  the  following  results. 

Action  of  Acetic  Anhydride  on  Crystalline  Acetaldoxime. — Into  30 
grams  of  pure  crystalline  acetaldoxime,  cooled  by  a  mixture  of  ice 
and  salt,  104  grams  of  acetic  anhydride  (twice  the  theoretical  quan- 
tity) were  gradually  introduced,  great  care  being  taken  to  avoid  any 
rise  in  temperature.  The  mixture,  which  was  liquid,  remained  over 
night  and  was  then  mixed  with  ice-cold  water.  The  acidity  of  the 
solution  was  now  neutralised  by  the  addition  of  solid  sodium  carb- 
onate, and  the  liquid  extracted  with  ether  so  long  as  anything  was. 
removed.  The  dried  ethereal  solution  was  cautiously  warmed  and  then 
nearly  the  whole  of  the  ether  distilled  off  below  40°.  The  distilled 
ether  contained  no  nitrile.  On  further  heating  a  portion  of  the  re- 
mainder, a  very  small  quantity  of  liquid  distilled  between  40°  and  100  , 
and  on  allowing  the  temperature  to  rise  gradually,  the  syrupy  residue 
showed  signs  of  decomposition.  Near  150°,  a  thick,  black  residue 
remained  in  the  flask,  whilst  the  colourless  liquid  which  collected  in 
the  receiver  was  strongly  acid  with  acetic  acid  and  contained  also  a 
small  amount  of  an  oily  compound  having  a  bitter,  aromatic  taste. 
In  order  to  obtain  the  pure  acetyl  derivative,  which  had  evidently 
been  formed,  another  part  of  the  substance  was  distilled  under  re- 
duced pressure.  Here  again,  however,  the  distillation  was  attended 
with  decomposition.  The  distillate  contained  mostly  acetic  acid  and 
a  little  of  the  aromatic  compound  above  i-eferred  to,  whilst  a  dark 
residue  remained.  It  therefore  appears  that  the  acetyl  derivative 
cannot  be  distilled  without  undergoing  decomposition,  even  under 
reduced  pressure.  In  order  to  gain  further  knowledge  of  its  pro- 
perties, the  original  ethereal  solution  was  shaken  with  solid  potash 
to  withdraw  acetic  acid;  this,  however,  decomposed  the  compound, 
forming  ammonia  and  acetic  acid.  A  better  result  was  obtained  by 
shaking  the  ethereal  solution  with  aqueous  ammonia.  The  dry 
ethereal  liquid  now  left,  on  distillation,  an  oily  compound  which  did  not 
crystallise  even  when  strongly  cooled.  When  distilled  with  steam,  it 
was  resolved  into  acetic  acid  and  the  oxime.     It  was  also  hydrolysed 

q2 
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by  boiling  witb  dilute  acids,  yielding  acetic  acid,  aldehyde,  and  hydr-. 
oxylamine.  Potash  readily  decomposed  the  substance,  ammonia  and 
acetic  acid  being  produced.  Ferric  chloride  coloured  the  compound 
deep  red.  When  warmed  with  copper  sulphate  and  alkali,  a  grass- 
green  precipitate  was  formed,  from  which  cuprous  oxide  was  deposited 
on  further  heating.  Another  quantity  of  the  acetyl  derivative  of  the 
crystalline  aldoxime  was  prepared  as  above  described.  The  dry 
ethereal  solution  was  distilled  at  the  lowest  possible  temperature  to 
remove  ether,  and  the  residue  then  exposed  in  a  vacuous  desiccator 
containing  sulphuric  acid  and  lime.  The  syrupy  liquid  behaved  as 
acetylacetaldoxime,  and  was  decomposed  by  distillation  with  water 
into  acetic  acid  and  acetaldoxime.  Dilute  alkalis  produced  a  similar 
result,  and  although  sodium  carbonate  in  strong  solution  decomposed 
the  substance,  no  nitrile  could  be  isolated  by  carefully  distilling  the 
ethereal  extract. 

On  several  occasions,  but  not  invariably,  the  liquid  on  exposure  in 
the  vacuous  desiccator  crystallised,  or  crystals  separated  from  it  on 
adding  light  petroleum.  These  were  puri6ed  by  precipitating  an 
ethereal  solution  with  light  petroleum.  The  long  needles  thus  ob- 
tained melted  constantly  at  87'5°  (corr.),  the  melting  being  accom- 
panied by  the  sublimation  of  a  portion  of  the  compound.  The 
crystals  dissolved  readily  in  alcohol  and  water,  and  the  aqueous 
solution  gave  a  maroon  coloration  with  ferric  chloride  only  after 
warming.  The  addition  of  copper  sulphate  to  the  aqueous  solution 
produced  no  immediate  effect  in  the  cold,  but,  on  warming,  a  copious 
grMSS-green  precipitate  was  produced.  When  heated  with  dilute 
sulphuric  acid,  the  compound  was  hydrolysed,  with  the  production  of 
hydroxylamine  and  acetic  acid,  but  no  aldehyde  was  formed. 

On  combustion,  the  substance  furnished  the  following  data. 

0-1157  gave  0-1731  CO^  and  0-0655  H,0.     C  =  40-80 ;  H  =  6-29. 
0-1310    „     0-1098  Pt.     N"  =  11-9. 

CH3-C(0H):N0-C0-CH3   requires    C  =  41-03;    H  =  5-98;    N  = 
11-96  per  cent. 

The  compound  agrees  in  its  composition  and  properties  with  the 
diacetylhydroxamic  acid,  CH3'C(0H):N0-C0'CH3,  first  described  by 
Hantzsch  (Ber.,  25,  701)  as  a  product  of  the  interaction  of  acetic 
anhydride  and  the  additive  compound  of  chloral  and  hydroxylamine. 
We  are  unable  to  suggest  a  probable  explanation  of  its  formation  from 
acetic  anhydride  and  acetaldoxime.  It  may  be  regarded  as  the 
hydroxyl  derivative  of  acetylacetaldoxime,  but  it  is  difficult  to  un- 
derstand how  the  oxidation  occurred.  The  compound  might  result 
from  the  interaction  of  hydroxylamine  salt  and  acetic  anhydride,  but 
as  no  hydrolysis  could  have  occurred  in  the  initial  change  when  water 
was  absent,  its  production  in  this  manner  is  not  intelligible. 


THE   ISOMERISM   OF   THE  PARAFFINIO   ALDOXIMES.  215 

The  principal  result  of  these  experiments  is  to  show  that  the  crys- 
talline acetaldoxime,  when  acted  on  by  acetic  anhydride,  furnishes  an 
unstable  acetyl  derivative,  CHs'CHiNO'CO-CHa,  which  breaks  up  on 
hydrolysis  into  acetic  acid  and  aldoxime.  This  compound,  when 
acted  on  by  alkalis  or  alkali  carbonates,  shows  little  or  no  tendency 
to  break  up  into  the  nitrile. 

Action  of  Acetic  Anhydride  on  the  Liquid  Acetaldoxime. — About  30 
grams  of  the  aldoxime  were  heated  at  100°  for  about  one  hour,  and 
then  mixed  with  nearly  120  grams  of  acetic  anhydride,  which  were 
added  in  small  quantities  at  a  time  through  a  vertical  condenser 
attached  to  the  flask  containing  the  aldoxime.  Much  heat  was 
evolved  during  the  operation.  When  all  action  was  over,  and  the 
straw-coloured  mixture  was  cold,  about  three  times  its  volume  of 
water  was  added  and  the  acid  nearly  neutralised  by  the  addition 
of  dilute  soda.  Neutralisation  was  then  completed  with  sodium 
carbonate.  The  neutral  liquid  was  repeatedly  extracted  with  ether, 
and  the  ethereal  solution  dried  with  calcium  chloride.  The  ether 
having  been  carefully  distilled  off  at  a  low  temperature,  the  residual 
liquid  was  distilled  under  reduced  pressure,  and  the  distillate  thus 
obtained  redistilled  under  ordinary  pressure  ;  by  this  means  it  was 
resolved  chiefly  into  acetaldoxime  and  acetonitrile.  As  a  large  excess 
of  acetic  anhydride  was  employed  in  the  first  instance,  the  aldoxime 
obtained  must  have  been  regenerated  by  the  alkali  from  an  acetyl 
derivative. 

Many  experiments  have  been  made  at  lower  temperatures  with  the 
liquid  aldoxime  and  acetic  anhydride.  In  every  case  undoubted 
evidence  was  obtained  of  the  formation  of  an  unstable  acetyl  deriva- 
tive decomposed  by  alkalis  and  alkali  carbonates,  or  even  by  water, 
into  acetic  acid  and  the  aldoxime ;  but  in  no  instance  was  anything 
but  a  very  small  quantity  of  nitrile  produced,  although  the  ethereal 
solution  was  carefully  distilled  and  a  special  seai^ch  was  made  for  this 
compound.  These  results  are  in  opposition  to  those  obtained  by 
Dollfus  (Inc.  cit.),  who  has  asserted  that  acetic  anhydride  acts  on 
acetaldoxime,  furnishing  an  almost  quantitative  yield  of  acetonitrile. 
We  therefore  repeated  our  experiments,  working  under  exactly  the 
same  conditions  as  those  described  by  Dollfus  {Btiv.,  25, 1914 — 1915), 
still,  however,  with  almost  negative  results  as  far  as  the  production 
of  the  nitrile  is  concerned.  Nothing  but  a  minute  quantity  of  aceto- 
nitrile could  be  isolated. 

We  may,  therefore,  conclude  that  both  modifications  of  acetaldoxime 
furnish  unstable  acetyl  derivatives  which  are  apparently  identical. 
They  are  hydrolysed  into  acetic  acid  and  acetaldoxime,  or  it  may  be 
perhaps  that  two  distinct  acetyl  derivatives  are  first  produced,  one  of 
whicli  in  contact  with  alkali  changes  into  the  other.     The  extreme 
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instability  of  these  compounds  has  made  it  impossible  for  us  to 
"farther  investigate  this  question. 

Action  of  Fhosphorus  Pentachloride. — It  has  already  been  pointed 
out  that  when  ketoximes  are  acted  on  by  phosphorus  pentachloride  and 
the  products  are  hydrolysed,  the  corresponding  amides  or  their  de- 
composition products  are  obtained.  In  the  case  of  unsymmetrical 
ketoximes  two  isomeric  amides  are  obtained,  which,  according  to 
Hantzsch,  have  been  produced  by  the  rearrangement  of  the  hydroxyl 
and  the  radicle  corresponding  with  it  in  the  two  stereoisomeric  forms 
of  the  original  oxime. 

The  same  observer  states  that  the  method  is  not  available  for  the 
discrimination  of  stereoisomeric  aldoximes,  owing  to  the  readiness 
with  which  the  anti-modification  changes  under  the  condition  of  the 
experiment  into  the  syn-form,  with  the  result  that  the  same  amide  or 
its  decomposition  product  is  obtained  from  both  varieties.  It  would 
appear,  however,  that  the  process  has  not  been  extensively  tried 
with  aldoximes,  and  apparently  not  at  all  with  paraffinic  compounds. 
"We  therefore  decided  to  investigate  the  action  of  phosphorus  penta- 
chloride on  the  two  forms  of  acetaldoxime. 

Action  of  Fhosphorus  Fentachloride  on  Crystalline  Acetaldoxime. — 
About  20  grams  of  crystalline  aldoxime  were  dissolved  in  ether. 
The  well-cooled  ethereal  solution  was  mixed  with  phosphorus  penta- 
chloride in  small  quantities  at  a  time  until  hydrogen  chloride  was  no 
longer  evolved.  The  liquid  was  then  poured  into  a  considerable 
volume  of  ice-cold  water.  After  standing,  this  solution  was  made 
alkaline  with  potash,  and  distilled  into  dilute  hydrochloric  acid. 
Thus  the  bases  formed  by  the  hydrolysis  of  the  amides  were 
obtained  as  hydrochlorides.  The  solution  was  evaporated  to  dryness, 
and  the  residue  extracted  with  absolute  alcohol,  which  left  the  greater 
part  of  the  ammonium  chloride  undissolved.  The  alcoholic  solution 
was  then  precipitated  with  ether,  which  at  first  threw  out  some 
ammonium  chloride,  and  afterwards  a  deliquescent  hydrochloride  was 
obtained  resembling  that  of  methylamine.  After  recrystallisation, 
both  the  salts  were  converted  into  platinichlorides,  and  these  were 
ianalysed.  Of  the  total  quantity  of  hydrochlorides,  90  per  cent,  was 
found  to  be  insoluble  in  absolute  alcohol. 

I.  Platinichloride  from  hydrochloride  nearly  insoluble  in  abso- 
lute alcohol. 

01155  gave  0-0506  Pt.      Pt  =  4379.     (NHiCOaPtCU  requires  Pt 
=  43'9  per  cent. 

II.  Platinichloride  from  hydrochloride  soluble  in  absolute  alcohol. 

0  16935  gave    0-07035   Pt.      Pt  =  41-54.      (CH3NH2,HCl)2PtCl4 
requires  Pt  =  41  3  per  cent. 
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The  liquid  remaining  in  the  retort  after  the  bases  had  been  distilled 
over  was  acidified  with  sulphuric  acid,  and  again  distilled.  The  dis- 
tillate was  found  by  qualitative  tests  to  contain  a  small  quantifcv  of 
formic  acid,  and  when  saturated  with  freshly  precipitated  silver  oxide, 
and  the  filtered  liquid  evaporated,  it  furnished  crystals  which  were 
proved  by  analysis  to  be  silver  acetate. 

01928  gave  0-1247  Ag.  Ag  =  64-68.  AgC^HjOz  requires  Ag  = 
64"67  per  cent. 

In  this  experiment,  then,  the  hydrochlorides  of  the  bases  obtained 
consisted  of  about  90  per  cent,  of  ammonia  and  10  per  cent,  of 
methylamine  ;  two  acid  amides  having  apparently  been  produced, 
acetamide  and  methylformamide,  the  former,  on  hydrolysis,  giving 
rise  to  ammonia  and  acetic  acid  and  the  latter  to  methylamine  and 
formic  acid. 

In  a  second  experiment,  about  10  grams  of  the  crystalline  aldoxime 
were  dissolved  in  about  40  c.c.  of  dry  ether,  and  the  solution  cooled 
below  0°.  About  15  grams  of  phosphorus  pentachloride  were  added 
in  small  quantities  at  a  time,  any  rise  of  temperature  being  as  far  as 
possible  prevented.  The  action  was  very  energetic,  hydrogen  chloride 
being  evolved,  and  a  white  precipitate,  apparently  the  hydrochloride 
of  the  oxime,  thrown  down.  Alter  standing  for  some  hours  at  about 
0°,  the  mixture  was  poured  into  ice-cold  water.  The  acid  liquid 
was  then  exactly  neutralised  with  dilute  sodium  carbonate,  and 
distilled.  A  considerable  quantity  of  aldoxime,  possibly  regenerated 
from  the  hydrochloride,  was  recovered  unchanged.  As  soon  as  the 
whole  of  this  had  distilled,  the  liquid  was  made  alkaline  with  potash, 
and  again  distilled  into  dilute  hydrochloric  acid. 

The  hydrochlorides  of  the  bases  thus  obtained  were  separated  by 
means  of  alcohol  and  ether,  as  before  described,  and  then  converted 
into  the  platinichlorides,  which  were  analysed  with  the  following 
results. 

I.  Platinichloride  from  hydrochloride  (0*96  gram)  insoluble  in 
absolute  alcohol. 

0-4939  gave  0-2149  Pt.  Pt  =  43-5.  (NH^CO^PtCU  requires  Pt 
=  439  per  cent. 

II.  Platinichloride  from  hydrochloride  (Oil  gram)  soluble  in 
absolute  alcohol. 

0-3654  gave  0154  Pt.  Pt.  =  42-1.  (CH3NH„HCl),PtCl«  requires 
Pt  =  413  per  cent. 

The  alkaline  liquid  remaining  in  the  retort  after  the  distillation  of 
the  bases  was  acidified  with  sulphuric  acid  and  again  distilled.  The 
distillate  contained  a  large  quantity  of  acetic  acid  and  a  small  quan- 
tity of  foimic  acid. 
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The  results  thus  obtained  are  confirmatory  of  those  of  the  former 
experiment,  two  acid  amides  having  been  formed  in  the  same  pro- 
portion as  before ;  acetamide  furnishing  ammonia  and  acetic  acid  ; 
methylformamide  giving  methylamine  and  formic  acid.  The  acet- 
amide is  produced  in  far  larger  quantity  than  methylformamide,  about 
90  per  cent,  of  the  mixed  hydrochlorides  consisting  of  ammonium 
chloride,  and  10  per  cent,  of  methylamine  hydrochloride. 

Action  of  Phosphorus  Pentachloride  on  the  Liquid  Acetaldoxime. — 
10  grams  of  acetaldoxime  were  heated  for  one  hour  at  90°,  and,  when 
cold,  mixed  Avith  phosphorus  pentachloride,  as  in  the  previous  experi- 
ments, except  that  in  this  case  the  temperature  was  kept  near  20° ; 
the  action  was  very  violent.  The  resulting  mixture  was  dealt  with  as 
described  before,  the  bases  and  acids  being  successively  distilled  off. 
The  hydrochlorides  of  the  bases  were  separated  into  somewhat  more 
than  91  per  cent,  of  ammonium  chloride,  and  rather  less  than  9  per 
cent,  of  methylamine  hydrochloride.  The  analyses  of  the  platini- 
chlorides  furnished  the  following  data. 

I.  Platinichloride  from  hydrochloride  insoluble  in  absolute  alcohol. 

0-2645  gave  01162  Pt.      Pfc  =  43-9.     (NHiCOaPtCli  requires  Pt 
=  43"9  per  cent. 

II.  Platinichloride  from  hydrochloride  soluble  in  absolute  alcohol. 

0-2149  gave  0-0899  Pt.   Pt  =  41-8.    (CH3-NH2,HCl)2PtCl4  requires 
Pt  =  41-3  per  cent. 

A  large  quantity  of  acetic  acid  was  obtained,  and  a  little  formic  acid. 

Experiments  made  at  higher  temperatures  with  chloroform  as  the 
solvent,  and  with  the  aldoxime  without  a  solvent,  proved  that  still 
more  ammonia  and  less  methylamine  are  produced  under  these  condi- 
tions,  where  presumably  the  liquid  acetaldoxime  will  contain  less  of 
the  dissolved  solid  modification. 

The  results  afforded  by  the  action  of  phosphorus  pentachloride  on 
the  two  forms  of  acetaldoxime  are  in  general  accordance  with  the 
theory  that  two  stereochemical  modifications  exist,  which,  by  intra- 
molecular change  in  the  interaction  with  phosphorus  pentachloride, 
f  urni.^h  two  isomeric  amides,  as  indicated  by  the  formula?  given  below. 

CHaC^H  CHsC-OH  CHa-CO-OH 

N-OH  ~*  NR  Acetic  acid. 

/3-  or  Acetsynaldoxime  Acetamide  ^  ^ 

(liquid).  (labile  form).  Ammonia. 

HC-CHs  _^  hj:^-oh  h-co-oh 

N-OH  ~"  N-CHa        "*  Formic  acid, 

o- or  Acetantialdoxime  Mcthjlformamide  i.'<x3  2  v/J^a 

(solid).  (labile  form).  Methylamine. 
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There  is,  however,  no  very  decisive  evidence  to  show  which  of  the 
two  forms  of  the  acetaldoxime  is  the  "  syn-"  and  which  the  "  anti-" 
modification.  Since  the  amount  of  methylamine  obtained  in  the 
interactions  with  phosphorus  pentachloride  decreases  with  rise  of 
temperature,  it  may  probably  be  safely  concluded  that  the  crystalline 
is  the  anti-form,  and  the  liquid  the  syn-form,  of  the  compound. 

Action  of  Phosphorus  Pentachloride  on  Acetamide. — So  little  is  at 
present  known  as  to  the  mechanism  of  the  remarkable  action  of  phos- 
phorus pentachloride  discovered  by  Beckmann  that  we  thought  it 
desirable  to  take  the  opportunity  of  investigating  certain  points  in 
connection  with  it.  Having  regard  to  Hofmann's  observation  that 
acetamide,  under  the  influence  of  bromine  and  alkali,  is  changed  into 
methylamine,  it  seemed  possible  that  the  methylamine  formed  from 
acetaldoxime  might  have  had  its  origin  in  acetamide  rather  than  in 
the  transformation  of  a  stereoisomeric  form  of  the  aldoxime.  As  we 
could  find  no  specific  information  with  reference  to  the  products 
obtainable  at  different  temperatures  from  acetamide  by  the  action  of 
phosphorus  pentachloride  followed  by  hydrolysis,  experiments  were 
made  with  this  compound  under  conditions  similar  to  those  employed 
in  working  with  the  aldoxime.  From  the  analogy  afforded  by  the 
behaviour  of  acetamide  with  bromine,  the  action  of  phosphorus 
pentachloride  on  it  might  take  place  in  the  following  manner. 

CHs-CO-NHj  +  PCIs  =  CHs-CO-NHCl  +  HCl  +  PCI3. 

CH3-C0-NHC1  +  3K0H  =  KCl  +  K2CO3  +  H^O  4-  CHa'NHj. 
Otherwise  the  phosphorus  pentachloride  would  act,  as  it  is  known  to 
do  when  heated  with  acetamide,  furnishing  acetonitrile,  which,  on 
hydrolysis,  would  give  only  acetic  acid  and  ammonia. 

CHs-CO-NHa  +  PGI5  =  CHs-CCVNHj  +  2HC1  +  CHa-CN. 

A  satui'ated  solution  of  about  15  grams  of  acetamide  in  ether  was 
cooled  below  0°,  and  gradually  mixed  with  more  than  sutficient  phos- 
phorus pentachloride  to  produce  the  nitrile ;  the  action  was  not 
nearly  so  energetic  as  with  the  aldoxime.  A  considerable  quantity  of 
the  somewhat  stable  hydrochloride  of  acetamide  separated  out  during 
the  experioient.  The  mixture,  after  being  allowed  to  stand  over 
night,  was  poured  into  ice-cold  water,  and  excess  of  potash  was  added 
to  the  liquid,  which  was  then  distilled  into  dilute  hydrochloric  acid. 
The  residue  of  hydrochloride  obtained  by  the  evaporation  of  this  dis- 
tillate was  extracted  with  ab.solute  alcohol  as  previously  described. 
No  trace  of  methylamine  hydrochloride  could  be  detected ;  the 
residue  consisted  entirely  of  ammonium  chloride.  Similarly,  when 
acetamide  is  dissolved  in  cold  concentrated  sulphuric  acid,  and  the 
liquid  is  decomposed  by  cold  watei",  nothing  but  acetic  acid  and  am- 
monia can  be  obtained  from  the  solution.     Sulphuric  acid  has  been 
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found  by  Beckmaun  to  behave  like  phosphorus  pentachloride  in 
eit'ecting  the  molecular  transformation  of  ketoximes.  Phosphorus 
trichloride  scarcely  attacks  acetamide,  even  when  warmed  with  it. 

Action  of  Phosphorus  Trichloride  on  Crystalline  and  Liquid  Acet- 
aldoxime. — As  the  molecular  transformation  induced  in  the  aldoximes 
by  phosphorus  pentachloride  must  depend,  initially  at  all  events,  on 
the  displacement  of  hydroxyl  by  chlorine,  it  was  considered  likely 
„that  phosphorus  trichloride  would  be  able  to  bring  about  the  same 
result. 

The  action  of  this  substance  on  both  modifications  of  acetaldoxime 
Avas  therefore  tried  under  conditions  similar  to  those  observed  in 
acting  with  phosphorus  pentachloride. 

About  15  grams  of  the  pure  crystalline  acetaldoxime  were  dissolved 
in  60  c.c.  of  ether,  the  solution  was  cooled  to  about  — 10°,  and  a 
mixture  of  10  c.c.  of  phosphorus  trichloride  and  20  c,c.  of  ether 
gradually  added  in  small  quantities  at  a  time  ;  a  violent  reaction  took 
place.  The  product  was  poured  into  ice-cold  water,  and  the  liquid 
exactly  neutralised  with  soda,  and  distilled.  Some  aldoxime  was 
recovered  unchanged,  having  apparently  been  regenerated  from  an 
additive  compound,  which  seems  to  be  the  first  product  of  the 
action.  As  soon  as  the  whole  of  the  unchanged  aldoxime,  together 
with  some  acetonitrile,  had  passed  over,  the  residue  was  made 
alkaline  with  excess  of  soda,  and  distilled  into  dilute  hydrochloric  acid. 
The  hydrochlorides  thus  produced  were  extracted,  w^ith  absolute 
alcohol,  and  the  liquid  precipitated  with  ether.  No  trace  of  methyl- 
amine  hydrochloride  could  he  found  ;  only  ammonium  chloride.  On 
adding  sulphuric  acid  to  the  contents  of  the  retort,  and  again  distil- 
ling, nothing  but  acetic  acid  was  produced. 

In  the  case  of  the  liquid  acetaldoxime,  about  15  grams  were  dealt 
with  in  the  same  manner.  On  distillation,  acetonitrile  and  unaltered 
aldoxime  were  obtained,  and  afterwards  the  residual  liquid  fur-r 
nished  ammonia  and  acetic  acid,  but  neither  methylamine  nor  formic 
acid. 

Both  modifications  of  acetaldoxime  are  thus  shown  to  furnish  only 
acetic  acid  and  ammonia  when  they  are  acted  on  by  phosphorus  tri- 
chloride and  the  product  of  this  action  is  hydroly£?ed.  It  would  there- 
fore appear  that,  although  phosphorus  trichloride  can  undoubtedly 
replace  the  hydroxyl  of  the  acetaldoxime  by  chlorine,  yet,  unlike 
the  pentachloride,  it  cannot  accomplish  the  further  step  of  inducing 
the  migration  of  certain  groups  within  the  molecule.  The  mode  of 
action  of  the  phosphorus  pentachloride  in  Beckmann's  reaction  evi- 
dently deserves  very  full  examination.  It  may  be  that  the  hydrogen 
chloride  produced  during  the  action  of  phosphorus  pentachloride  is 
concerned  in  efiecting  the  intramolecular  change,  or  that  the  pi'oduc- 


THE   ISOMERISM   OF   THE   PARAFFINIC   ALDOXIMES.  221 

tion  of  an   additive   compound   of  the   oxime   with   the   trichloride 
favours  the  existence  of  the  /3-raodfication. 

Propionaldoxime. 

Propionaldoxime,  C2Hs"CH!N*0H,  has  hitherto  been  known  only 
in  the  liquid  state  (b.  p.  131°).  It  was  first  described  by  Petraczek 
(Ber.,  15,  2704),  and  its  properties  have  recently  been  further 
examined,  with  special  reference  to  the  question  of  isomerism,  by 
Dollfus  (jBer,,  25,  1908),  who  states  that  when  acted  on  by  acetic 
anhydride  it  does  not  furnish  an  acetyl  derivative,  but  an  almost 
quantitative  yield  of  propionitrile,  from  which  he  infers  that  it  is 
only  capable  of  existing  in  the  /3-  or  syn-configuration.  The  fact  that 
acetaldoxime  exists  in  two  modifications — one  solid,  the  other  liquid — 
renders  it  probable  that  propionaldoxime  would  exhibit  the  same 
peculiarity,  and  we  therefore  prepared  some  quantity  of  the  ordinary 
substance  from  propaldehyde  (b.  p.  119°)  obtained  by  Lieben's 
method  from  normal  propylic  alcohol.  The  pure  aldehyde  was  con- 
verted into  the  oxime  by  adding  the  calculated  quantity  in  small 
portions  at  a  time  to  a  well-cooled  solution  of  hydroxylamine  hydro- 
chloride which  had  been  previously  mixed  with  the  quantity  of 
sodium  carbonate  requisite  to  set  free  the  hydroxylamire.  A  large 
proportion  of  the  oxime  separated  as  an  oily  layer,  which  was  re- 
moved, and  the  dissolved  oxime  extracted  by  shaking  with  ether. 
The  ethereal  solution  having  been  dried  and  distilled,  the  entire 
quantity  of  dried  liquid  was  fractionated  by  distillation.  Nearly  the 
whole  of  the  oxime  was  obtained  between  131°  and  131'5°  (corr.). 

When  the  liquid  oxime  was  cooled  at  0°  and  well  stirred,  it  showed 
no  signs  of  crystallising,  nor  did  it  solidify  when  kept  at  0°  for  a  long 
time.  When  cooled  at  about  — 20°,  however,  and  vigorously  stirred 
with  a  platinum  wire,  it  partially  solidified  to  a  mass  of  fine  needles, 
which  somewhat  resembled  in  appearance  the  crystalline  acetald- 
oxime. It  was  observed  that  the  liquid  oxime  begins  to  freeze,  and 
that  the  mass  afterwards  melts  again  near  — ll"5°  ;  but  the  crystals 
drained  from  the  adhering  liquid  melted  at  a  much  higher  tempera- 
ture. Propionaldoxime  therefore  presents  the  same  phenomenon  as 
acetaldoxime  in  respect  of  its  existence  in  a  solid  and  liquid  form. 
Considerable  difficulty  was  experienced  in  completely  separating  the 
crystals  from  adhering  liquid  so  as  to  obtain  them  pure,  partly  be- 
cause it  was  necessary  to  w^ork  at  a  low  temperature  (  —  20°),  and  also 
to  prevent  moisture  from  the  air  from  getting  access  to  the  substance. 

The  apparatus  figured  (see  next  page)  was  found  useful  for  the 
purpose,  since  it  made  it  possible  to  freeze  the  liquid  and  at  once  to 
dijain  the  crystals  without  transferring  them  to  another  vessel. 

The  drained  crystals  were  completely  dried  by  pressure  between 
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folds  of  filter  paper,  the  low  temperature  being  still  maintained  by 
the  use  of  a  well-cooled  tile  as  a  support  for  the  paper.  The  liquid 
filtrate  was  again  frozen  and  the  crystals  separated,  the  process  being 


tubes  filled  with  calcium  cWoride. 


b,  thermometer. 

c,  platinum  stirrer. 

d,  tube  containing  liquid  to  be  frozen. 

e,  outer  vessel  containing  freezing  mixture, 
y,  tube  to  contain  filtrate  from  d. 

k,  small  plug  of  cotton  wool. 

repeated  several  times.  Finally,  a  small  quantity  of  liquid  remained, 
exhibiting  all  the  properties  of  propionaldoxime,  which  did  not 
crystallise  at  —21°.  This  liquid  is  probably  not  the  pure  isomeride, 
but  a  solution  of  the  solid  in  the  liquid  oxirae. 

Properties  of  the  Crystalline  and  Liquid  Fropionaldoximes. — The  dry 
crystals  (which  are  most  troublesome  to  procure)  melted  at  21*5'' 
(corr.),  and  we  have  not  been  able  to  obtain  crystals  melting  at  a 
higher  temperature  than  this.  This  point  is  B3°  higher  than  the 
temperature  at  which  the  original  liquid  freezes,  namely,  — 11"5° 
(corr.).  It  is  interesting  to  notice  that  there  is  the  same  difference 
(33'5°)  between  the  melting  point  of  crystalline  acetaldoxime  (46"5°) 
and  the  freezing  point  of  the  ordinary  liquid  (13°).  We  next  deter- 
mined whether  the  solid  pApionaldoxime,  like  the  solid  acetaldoxime, 


THE  ISOMERISM   OF   THE   PARAP^INIC   ALDOXIMES.  223 

slowly  changes  into  the  liquid  modification  even  at  temperatures  con- 
siderably below  its  melting  point.  Some  of  the  dry  crystals  were  kept 
at  0°  for  two  days ;  the  crystals  partly  melted,  although  the  tempera- 
ature  was  11"5°  below  their  true  melting  point,  and  the  semi-solid 
mass  now  melted  at  11°,  If  the  crystals  are  heated  to  their  meltino* 
point,  the  resulting  liquid  cannot  be  frozen  until  it  has  been  cooled 
some  degrees  below  the  original  melting  point,  and.  if  the  liquid  is 
heated  for  some  time  at  the  melting  point,  or  more  rapidly  if  heated 
at  100°,  it  cannot  be  frozen  above  —11",  but  further  heating  does  not 
depress  the  freezing  point  lower  than  —11°,  which  is  the  mini- 
mum depression  that  can  be  produced  by  heating.  Nevertheless  this 
liquid,  when  cooled,  does  not  behave  as  a  pure  substance,  but  as  a 
solution  of  the  solid  in  the  liquid  oxime,  in  which  an  equilibrium  has 
been  established  between  the  two  modifications. 

Several  determinations  of  the  relative  densities  of  the  two  modifica- 
tions have  been  made.  It  is,  however,  impossible  to  get  an  exact  num- 
ber for  the  crystalline  oxime,  as  even  at  its  melting  point  a  certain 
amount  of  change  into  the  liquid  modification  takes  place.  The  best 
determination  of  the  density  of  the  liquid  obtained  by  just  melting  the 
crystals  gave  0'9372  at  15°/15°,  but  immediately  after  the  experiment 
the  freezing  point  of  the  liquid  was  found  to  have  fallen  from  21*5°  to 
12°,  so  that  the  true  number  is  probably  somewhat  higher  than  this 
figure.  The  liquid  was  then  heated  in  the  Sprengel  tube  at  100°  fur 
10  minutes  in  order  to  convert  it  into  the  liquid,  the  level  adjusted, 
and  the  tube  reweighed.  The  number  thus  obtained  for  the  relative 
density  of  this  liquid  was  0'9339  at  15°/15°,  and  the  other  determina- 
tions with  different  specimens  of  liquid  have  given  almost  exactly  the 
same  result.  It  must  be  remembered,  however,  that  this  liquid  is  not 
a  pure  substance,  but  a  solution,  and  that  if  it  were  possible  to  obtain 
the  liquid  modification  free  from  the  solid,  the  relative  density  would 
in  all  probability  be  found  to  be  somewhat  lower  than  this  result 
indicates.  It  appears,  then,  that  there  is  a  small  difference  between 
the  densities  of  the  two  modifications  determined  under  similar  con- 
ditions, that  of  the  solid  being  rather  greater  than  that  of  the  liquid. 
Here  again  propionaldoxime  resembles  acetaldoxime.  Dr.  Perkia 
was  kind  enough  to  spend  some  time  in  attempting  to  determine  the 
magnetic  rotations  of  the  two  isomerides.  Owing  to  the  great  in- 
stability of  the  solid  at  ordinary  temperatures,  a  detei-mination  of  its 
magnetic  rotation  was  not  found  to  be  practicable.  The  average  of 
several  determinations  with  the  liquid  gave  4"420  as  the  molecular 
rotation,  a  result  which,  when  compared  with  the  molecular  rotation 
of  acetaldoxime,  shows  a  difference  (r020)  which  is  about  that  usually 
noticed  between  the  molecular  rotations  of  acetic  and  propionic  com- 
pounds. 
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Action  of  TTiosphorus  PenfacMoride  on  CriisfalUnp.  and  Liquid  Propinn- 
aldoximes. — In  order  to  study  the  effect  of  phosphorus  pentachloride 
on  propionaldoxime,  a  material  consisting  for  the  most  part  of  the 
crystalline  modification  was  used.  About  10  p;rams  were  dissolved 
in  ether,  and  a  slight  excess  of  -ohosphorus  pentachloride  gradually 
added  to  the  ethereal  solution,  cooled  by  a  mixture  of  ice  and  salt. 
A  copious,  white  precipitate  formed,  which,  after  the  action  was  over, 
and  as  the  temperature  gradually  rose,  partly  dissolved  ;  this  precipi- 
tate consisted  chiefly  of  the  hydrochloride  of  propionaldoxime.  The 
entire  mixture  was  now  poured  into  ice-cold  water  and  the  solution 
distilled,  when  ether,  together  with  some  unchanged  oxime,  passed 
over;  as  soon  as  nothing  but  water  distilled,  the  residual  liquid  vras 
made  alkaline  with  soda,  and  the  volatile  bases  were  distilled  off  into 
dilute  hydrochloric  acid.  The  acid  solution  having  been  evaporated 
to  dryness,  the  ammonium  chloride  was  separated  from  tbe  total 
residue  by  extraction  with  absolute  alcohol,  and  the  alcoholic  solu- 
tion was  fractionally  precipitated  with  dry  ether,  by  which  means 
more  ammonium  chloride  was  separated  in  the  early  fractions,  whilst 
the  last  precipitate,  as  well  as  the  mother  liquid,  contained  a  deli- 
quescent hydrochloride,  evidently  not  ammonium  chloride.  This 
salt  vras  converted  into  the  platinichloride,  which  was  analysed. 
0*083  furnished  0034  Pt  =  40'9  per  cent.  Ethylamine  platini- 
chloride  requires  38'9  per  cent.  The  substance  was  evidently  ethyl- 
amine platinichloride,  still  containing  a  little  ammonium  chloride. 
The  ratio  of  ammonia  to  ethylamine  hydrochloride  found  in  this 
experiment  was  93  to  7  per  cent. 

The  alkaline  liquid  left  after  the  distillation  of  the  bases  was  now 
acidified  with  sulphuric  acid  and  again  distilled.  The  acid  distillate 
gave  the  reactions  of  formic  and  of  propionic  acids.  The  total  acidity 
having  been  determined  by  titration,  the  quantity  of  formic  acid  was 
estimated  by  weighing  the  calomel  reduced  from  a  solution  of  mer- 
curic chloride,  the  propionic  acid  being  determined  by  difference. 
The  propionic  acid  was  identified  by  preparing  the  silver  salt  by 
saturating  a  portion  of  the  distillate  with  silver  oxide. 

0-124  gave  0-074  Ag.     Ag  =  59-67. 

AgCsHjOz  requires  Ag  =  59-66  per  cent. 

It  appears  from  these  results  that  propionaldoxime  behaves  like 
acetaldoxime  towards  phosphorus  pentachloride.  When  the  product 
is  hydrolysed,  the  larger  proportion  appears  as  propionic  acid  and 
ammonia,  arising  from  the  hydrolysis  of  propionamide,  CjH5-CO'NH2, 
and  a  smaller  proportion  in  the  form  of  formic  acid  and  ethylnmine, 
coming  from  the  hydrolysis  of  ethylformamide,  H-CO-NH-C^Hj. 
The  material  operated  on  was  chiefly  the  crystalline  modification, 
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containing,  however,  a  small  quantity  of  the  liquid  isomeride.  There 
can  be  no  doubt  that,  even  at  the  low^  temperature  of  the  experiment, 
contact  with  the  phosphorus  peutachloride  would  be  suflBcient  to 
change  a  large  proportion  of  the  unstable  solid  modification  into  thn 
stable  liquid  modification,  and  that,  therefore,  it  must  be  concluded 
that  the  liquid  propionaldoxime  gives  rise  to  the  propionamide,  and 
the  solid  propionaldoxime  to  the  ethylformamide. 

Interpreting  these  results  with  the  aid  of  the  stereochemical  theory, 
we  arrive  at  the  following  conclusions. 

Propionaldoxime  exists  in  two  forms,  namely,  a-  or  propioantiald- 
oXime  (crystalline  and  unstable),  and  /3-  or  propiosynaldoxime  (liquid 
and  stable).  Under  the  influence  of  phosphorus  peutachloride, 
these  two  isomerides  undergo  intramolecular  change,  furnishing  two 
different  amides. 

H-C-aHs  H-C-OH  _^  H-CO-OH 

N-OH  N-C^Hs  Formic  acid. 

o-  or  Propioantiald-  Ethylformamide  NHj'CjHj 

oxime  (solid).  (labile  form),  Ethjlamine, 

C,H*-pH        _  C,H5-C.0H      _^  an^CO-OH 

j^.Qfj  NH  Propionic  acid, 

/3-  or  Propiosynaldoxime  Propionamide  -NHa 

(liquid).  (labile  form).  Ammonia. 

Action  of  Phosphorus  Trichloride  on  Propionaldoxime. — In  order  to 
compare  the  behaviour  of  the  two  chlorides  of  phosphorus  towards 
propionaldoxime,  the  preceding  experiments  were  repeated,  using 
phosphorus  trichloride  instead  of  the  pentachloride. 

About  8  grams  of  propionaldoxime,  principally  the  crystalline 
modification,  were  dissolved  in  ether  and  cooled  below  0°.  To  this 
solution  was  gradually  added  an  excess  of  phosphorus  trichloride 
dissolved  in  ether.  A  violent  reaction  ensued,  and  a  considerable 
quantity  of  a  white,  crystalline  compound,  containing  phosphorns, 
separated.  After  standing  for  some  time  at  the  ordinary  tempera- 
ture, the  mixture  was  poured  into  cold  water  and  distilled,  when  some 
propionitrile  passed  over.  The  residual  liquid  was  made  alkaline 
with  soda  and  distilled,  the  volatile  bases  being  condensed  in  dilute 
hydrochloric  acid.  The  salt  obtained  by  the  evaporation  of  this 
liquid  was  proved  to  consist  entirely  of  ammonium  chloride ;  no  ethyl- 
amine  salt  could  be  detected.  The  alkaline  liquid  from  which  the  bases 
had  been  distilled  was  now  acidified  with  sulphuric  acid,  and  distilled 
again.  The  acid  distillate  gave  only  a  doubtful  reaction  for  formic 
acid,  and  consisted  of  dilute  propionic  acid.  By  estimating  the  am- 
monia and  propionic  acid  obtained  in  this  expeiiment,  the  i*atio  of 
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base  to  acid  was  founl   to  be   203  :  79  7   per  cent;   the  calculated 
ratio  from  propionaldoxime  is  19"2  :  80"8  per  cent. 

It  thus  appears  that  propionaldoxime,  like  acetaldoxime,  furnishes 
only  ammonia  and  propionic  acid  when  acted  on  by  phosphorus  tri- 
chloride. From  what  we  have  observed  as  to  tlie  mode  of  action  of 
this  reagent  on  these  oxiraes,  it  appears  that,  in  the  first  place,  i 
unites  with  them,  forming  an  additive  compound.  It  is  conceivable 
that  the  additive  compound  may  be  entirely  composed  of  the  /3-modi- 
fication,  the  a-modification  passing  at  the  moment  of  its  formation 
into  the  /3-form.  Further  experiments  are  needed,  in  order  to 
elucidate  the  remarkable  behaviour  of  phosphorus  trichloride  as 
compared  with  the  pentachloride. 

Isohutyraldoxime. 

This  oxime  was  first  prepared  by  Petraczek  (Ber.,  15,  2784),  and 
described  as  a  liquid  boiling  at  139°.  For  the  purposes  of  our  experi- 
ments, it  was  prepared  by  acting  on  the  pure  isobutaldehjde  (obtained 
by  oxidising  pure  isobutyl  alcohol  with  chromic  acid)  with  the  calcu- 
lated quantity  of  sodium  carbonate  and  hydroxylamine  hydrochloride 
dissolved  in  water.  The  pure  oxime  boiled  constantly  between  139° 
and  140°.  Its  relative  density  was  ascertained  to  be  0'910  at  0°/0°. 
The  magnetic  rotation  was  determined  by  Dr.  Perkin  to  be  5'499 ;  the 
relative  densities  were  0-91059  at  474°,  0-90127  at  15°/15°,  0-89432 
at  25°/25°.  The  magnetic  rotation  is  slightly  higher  than  the  cal- 
culated number. 

All  our  attempts  to  crystallise  this  liquid  were  unsuccessful.  It 
was  cooled  to  a  temperature  of  —80°  and  vigorously  stirred,  without 
crystallisation  taking  place.  Jt  was,  however,  thought  desirable  to 
submit  it  to  the  action  of  the  chlorides  of  phosphorus,  in  order  to 
ascertain  whether  it  behaved  as  a  single  substance  or  as  a  mixture  of 
two  isomerides. 

Action  of  Phosphorus  Pentachloride  on  Isobtitaldoxime. — The  action 
of  phosphorus  pentachloride  was  investigated  under  exactly  the  same 
conditions  as  those  which  were  observed  with  acetaldoxime  and 
propionaldoxime.  10  grams  of  isobutaldoxime  were  dissolved  in 
ether,  and  the  ethereal  solution  cooled  below  0° ;  phosphorus  penta- 
chloride was  then  added,  in  small  pieces  at  a  time,  any  rise  of  tem- 
perature being  avoided.  Hydrogen  chloride  was  evolved,  and  a 
considerable  quantity  of  what  appeared  to  be  the  hydrochloride  of 
the  oxime  was  precipitated.  The  mixture  was  poured  into  water  at  0° 
and  the  solution  neutralised  with  potash.  The  ether,  together  with 
some  unchanged  oxime,  was  distilled  off,  and,  during  this  operation, 
the  smell  of  a  chlorinated  aldehyde  was  observed.  The  residual 
solution  was  now  made  alkaline  with  potash  and  distilled  into  dilate 


THE   ISOMERISM    OF   THE   PARAFFINIO   ALDOXIMES.  227 

hydrochloric  acid.  The  acid  liquid,  on  evaporation,  left  a  residue 
containing  about  60  per  cent,  of  ammonium  chloride,  the  remainder 
being  a  deliquescent  salt,  soluble  in  alcohol,  and  also,  to  a  large 
extent,  in  a  mixture  of  alcohol  and  ether,  by  which  means  it  was 
separated,  by  a  process  of  fractional  precipitation,  from  most  of  the 
ammonium  chloride.  This  hydrochloride  was,  however,  difficult  to 
obtain  quite  pure.  After  repeating  the  process  of  fractional  precipi- 
tation of  tlie  alcoholic  solution  with  ether,  the  last  three  fractions 
were  converted  into  platinichloride  and  analysed,  whilst  the  hydro- 
chloride, which  could  not  be  precipitated  from  the  alcoholic  solution' 
by  ether,  was  obtained  by  evaporation,  and  its  platinichloride  also 
analysed.     The  results  were  as  follows. 

0-1911    salt  gave  0-0811  Pt.  Pt  =  42-4  per  cent. 

0-1793       „       „     0-0749  Pt.  Pt  =  41-7 

0-1068       „       „     0-0451  Pt.  Pt  =  42-4 

0-04205     „       „     0-01665  Pt.  Pt  =  39-7 

The  percentage  of  platinum  in  isopropy lamino  hydrochloride  is 
37-2  per  cent. 

The  residual  alkaline  liquid,  from  which  the  bases  had  been  dis- 
tilled, was  now  acidified  y/ith  dilute  sulphuric  acid  and  distilled 
again,  in  order  to  obtain  the  acid  products  of  the  hydrolysis.  The 
distillate  contained  formic  acid,  and  another  acid  in  much  larger 
quantity,  which  was  converted  into  the  silver  salt  by  adding  to  the 
distillate  a  large  excess  of  freshly  precipitated,  silver  oxide  (formic 
acid  being  thus  destroyed).  After  warming,  the  liquid  was  filtered 
and  evaporated,  when  it  deposited  crystals  of  a  silver  salt,  which  were 
analysed.  0-099  of  salt  gave  0-0549  of  silver  =  55-45  per  cent. 
Silver  isobutyrate  requires  55-38  per  cent.  ' 

It  is  proved  by  these  results  that,  although  isobutaldoxime  cannot 
be  crystallised,  the  ordinary  liquid  behaves  towards  phosphorus  penta- 
chloride  as  though  it  were  composed  of  two  liquid  isomerides,  one  of 
which,  under  the  influence  of  phosphorus  pentachloride,  furnishes 
isobutyramide,  breaking  up,  on  hydrolysis,  into  isobutyric  acid  and 
ammonia,  whilst  the  other  furnishes  isopropylformamide,  which,  on 
hydrolysis,  is  resolved  into  isopropylamine  and  formic  acid.  Adoptr 
ing  the  stereochemical  theory,  these  changes  would  be  represented  by 
the  following  diagram  (see  next  page). 

The  general  conclusion  to  be  drawn  from  these  observations  on  the 
properties  and  modes  of  decomposition  of  acetaldoxime,  propionald- 
ozime,  and  isobutaldoxime  is  that  these  paraffinic  oximes  are  subject 
•to  a  stereoisomerism  of  the  same  kind  as  that  exhibited  by  similar 
benzenoid  oximes.  The  stereoisomerides  6f  the  paraffinic  oximes  are^ 
however,  very  unstable,  and   are   therefore  difficult  to,  identify   by 

VOL.  Lxv.  a 
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CH(CH3)2-C'H       _^   CH(CH3)2-C-OH     _^    CH(CH3),-C00H 

J^.QH  N'H  Isobutyric  acid. 

Isobutsynaldoxime.  Isobutyi-amide  NH3 

(labile  form).  (Ammonia). 

H-C-CH(CH3)2   _^    H-C-OH  H-CO-OH 

N-OH  ii'-0H(CH3)2        ~*  Formic  acid. 

Isobutantialdoiime.  Isopropylformamide  NH2'CH(CH3)2 

(labile  form).  Isopropylamine. 

chemical  means,  owing  to  the  facility  with  which  they  change  into  the 
stable  form.  The  isomerides  of  benzenoid  oximes  being  more  stable 
are  far  easier  to  characterise  definitively.  The  principal  facts  de- 
scribed in  this  paper,  the  publication  of  which  has  been  unavoidably 
delayed,  have  already  been  briefly  recorded  in  the  Proceedings  of  this 
Society  (1893,  76). 

We  wish,  in  conclusion,  to  express  our  thanks  to  Mr.  H.  A.  D. 
Jowett,  B.Sc,  Manchester  Scholar  in. this  Laboratory,  for  the  assist- 
ance he  has  rendered  us,  especially  in  examining  the  properties  of 
propionaldoxime ;  and  also  to  Mr.  C.  M.  Luxmoore,  B.Sc,  who  is  at 
present  engaged  with  one  of  us  in  studying  certain  reactions  of  the 
isomeric  benzaldoximes,  with  the  view  of  obtaining  further  informa- 
tion as  to  the  behaviour  of  stereoisomeric  oximes. 

Research  Laboratory, 

Pharmaceutical  Society^ 
London. 


XXV. — Synthesis  of  Indene,  Hydrindene,  and  some  of 

theii'  De^'ivatives. 

By  W.  H.  Perkin,  Jun.,  Ph.D.,  F.R.S.,  and  G.  R^vat,  Ph.D. 

Some  time  since  (Ber.,  17,  125 ;  compare  Trans.,  1888,  53,  1),  it  was 
shown  by  v.  Baeyer  and  one  of  us  that  ortho-xylylene  dibromide  and 
ethylic  sodiomalonate  react  readily,  forming  sodium  bromide  and 
ethylic  hydrindenedicarboxylate,* 

2CHNa(COOC2H5)2  +  C6H,<^^^Jj;  = 

CeH4<^^'^>C(COOC,H5)2  +  CH^CCOOaHOi  +  2NaBr. 

Hydrindenedicarboxylic  acid  is  readily  obtained  from  this  ethereal 
salt  on  hydrolysis,  and,  when  heated  at  200°,  the  acid  loses  1  mol, 
CO*,  being  converted  into  hydrindonecarboxylic  acid. 

*  Formerly  called  ethylic  hydrindonaphtenecarboxylate. 
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PIT 
No  further  derivatives  of  hydrindene,  C6Hi<[pTi^>CH2,  or  of  the 

CH 
coiTesponding   unsaturated    hydrocarbon,  indene,    C6H4<^Tr^CH, 

were  obtained  until  the  year  1886,  when  Zincke  and  his  pupils 
showed  that  naphthaquinone  derivatives  might  be  converted  into 
indene  derivatives.  Dichloro-^-naphthaquinone,  for  example,  is  con- 
verted by  alkalis  into  indenedichlorohydroxycarboxylic  acid, 

C(OH)-COOH 


and  this  acid,  when  oxidised  with  chromic  acid,  yields  a-ketodichlor- 

indene,  C6H4<pp^^CCl. 

Similarly  constituted  indene  derivatives  were  subsequently  obtained 
by  Roser  (Ber.,  1887,  20, 1273)  from  dibromocinnamic  acid  by  means 
of  sulphuric  acid, 

CeHj-CBrlCBr-COOH  -  H^O  =  C6H4<^^~>CBr. 

These  two  syntheses  were  the  first  which  yielded  derivatives  of 
indene;  and  the  former  is  especially  remarkable  as  illustrating  the 
possibility  of  converting  a  6-carbon  ring  into  a  5-carbon  ring,  the 
naphthalene  derivative  being  converted  into  an  indene  derivative ; 
this  curious  change  takes  place  apparently  with  the  greatest  readi- 
ness in  the  case  of  derivatives  of /3-naphthaquinone. 

At  a  later  date,  Roser*  (Annalen,  247,  157)  studied  the  action  of 
sulphuric  acid  on  ethylic  benzylacetoacetate,  and  showed  that 
indene  derivatives  were  formed  thus, 


CO-CHs 


1 \  =  CeH,<^^'^>C-COOH  +  CjHs-OH. 


The  carboxylic  acid  thus  obtained,  which  Roser  named  7-methyl- 
indene-^-carboxylic  acid,  when  heated  alone,  or,  better,  with  soda- 
lime,  yields  7-methylindene,   C6H4<^K?''^>CH,  the  first  hydro- 

carbon  of  the  indene  series  which  had  been  prepared.  Subsequently 
several  other  general  methods  were  discovered,  by  which  a  great 
variety  of  indene  and  hydrindene  derivatives  could  be  synthetically 
obtained ;  but  it  would  take  up  too  much  space  to  mention  these 
here. 

Kramer  and  Spilker  {Ber.,  17,  125),  in  the  course  of  a  series  of 

*  Compare  t.  Fechmann  {Ber.,  16,  616). 

&2 
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very  interesting  researches  on  some  coal-tar  products,  succeeded  in 
isolating  from  the  fraction  of  coal  tar,  boiling  at  176 — 182°,  a  hydro- 
carbon, C9H9,  which  on  oxidation  yielded  phthalic  acid,  and  which 

was  evidently  indene,  C6H4<prT  ^CH ;  by  reducing  this  hydro- 
carbon with  sodium  and  alcohol  they  prepared  hydrindene, 

C6H4<^QTT  /^CHj, 

a  hydrocarbon,  which  they  subsequently  showed  to  be  also  contained 
ill  coal  ta,r. 

The  hydrindene  thus  obtained  is  the  parent  substance  of  the  hydr- 
indenecarboxylic  acid  obtained  from  ortho-xylene,  as  explained  above; 
and,  as  we  were  engaged  in  a  detailed  investigation  of  this  acid,  it 
occurred  to  us  that  it  would  be  interesting  to  endeavour  to  prepare  a 
hydrocarbon  from  the  acid,  and  then  to  compare  it  with  the  hydr- 
indene obtained  from  coal  tar. 

The  acid  was  decomposed  in  two  ways,  namely,  by  heating  the 
barium  salt  alone,  and  by  heating  a  mixture  of  the  barium  salt  with 
sodium  methoxide  (compare  Mai,  Ber.,  22,  2133)  ;  in  both  cases  we 
obtained. a  considerable  quantity  of  hydrocarbon,  which,  however, 
proved  to  be  indene,  and  not  hydrindene,  the  decomposition  of  the 
acid  evidently  taking  place  thus, 

C6H4<^g^^>CH-COOH  =  C6H4<^^>CH  +  CO^  +  H,. 

The  hydrocarbon,  thus  synthetically  prepared,  yielded  hydrindene 
on  reduction ;  and  both  these  hydrocarbons  showed  the  closest  re- 
semblance to  the  substances  of  similar  composition,  isolated  fi-om 
coal  tar  by  Kiamer  and  Spilker. 

A  careful  examination  of  the  physical  properties  of  the  indene 
from  coal  tar,  and  of  synthetical  indene,  gave  results  which  show,  as 
we  believe,  that  the  two  substances  are  not  identical,  although  they 
have  the  same  boiling  point  and  show  exactly  the  same  chemical 
behaviour. 

Indene  from  coal  tar  has  a  sp.  gr.  d  4°/4°  =  1*0539,  and  the  mag- 
netic rotation  15"100;*  the  sp.  gr.  of  synthetical  indene,  determined 
under  similar  conditions,  was  1'0059,  and  the  magnetic  rotation 
lG-200. 

Unfortunately,  the  various  samples  of  coal  tar  indene  which  Dr. 
Spilker  kindly  sent  us  did  not  give  very  constant  results  on  examina- 
tion ;  but  in  all  cases  the  density  was  much  greater,  and  the  magnetic 
rotation  much  less,  than  the  values  found  in  the  case  of  synthetical 
indene. 

*  These  numbers  are  the  average  of  the  lesults  obtauied  with  two  distinct 
samples. 
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Apparently,  then,  the  two  substances  are  cot  identical,  and,  theo- 
retically, it  is  quite  possible  that  two  isomeric  hydrocarbons,  C9H9, 
can  exist  which  may  be  very  closely  allied  in  properties ;  their  cou- 
stitntions  would  be  represented  by  the  formulas 

CeH,<cH,>^^  and  CeH,<9^>CH,. 

Such  hydrocarbons  would  very  probably  differ  but  slightly  in 
chemical  properties,  and,  on  reduction,  they  would  probably  yield  one 
and  the  same  hydrindene. 

In  order  to  determine  whether  the  products  of  reduction  were 
identical,  hydrindene  from  coal  tar  in  dene  was  carefully  com- 
pared with  the  substance  obtained  by  the  reduction  of  synthetical 
indene,  and  the  result  of  the  comparison  may  be  summarised  as 
follows. 

B.  p.  Sp.  gr.  474°.      Mag.  rot. 

Hydrindene  (coal  tar) 176-5— 1775°         09655         13-971 

Hydrindene  (synthetical).      176-0—176-5°        0-9732         13-904 

Although  the  results  do  not  agree  quite  so  closely  as  could  have 
been  desired,  they  nevertheless  clearly  indicate  that  the  substances 
are  identical ;  this  is  interesting  when  taken  in  connection  with  the 
fact  that  the  unsaturated  hydrocarbons  from  which  they  were  derived 
are  widely  different  in  properties. 

During  the  investigation  of  hydrindenecarboxylic  acid,  several  new 
derivatives  of  this  acid  were  prepared,  and  are  described  in  detail  in 
the  paper ;  a  brief  summary  of  some  of  the  more  important  results 
may  be  appended  here. 

When  exposed  to  bromine  vapour,  hydrindenecarboxylic  acid  is 
converted  quantitatively  into  tetrahromhydrindenecarhoxyUc  acid, 

CsHiBr^-COOH 

(m.  p.  248 — 250°)  ;  but  when  a  solution  of  the  acid  in  chloroform  is 
heated  with  bromine  at  100°  the  action  proceeds  differently,  2  atomvS 
of  hydrogen  are  eliminated,  and  indenecarboxylic  acid  (m.  p.  230°)  is 
formed,  thus — 

PTT  CH 

C6H4<^g>CH-COOH  +  Br,  =  C,H4<^g  >C-COOH  +  2HBr. 

As  it  seemed  possible  that  all  hydrindene  derivatives  might  be 
oxidised  to  indene  derivatives  by  similar  treatment,  we  studied  the 
action  of  bromine  on  hydrindene  itself ;  but  although  apparently 
small  quantities  of  indene  are  produced,  the  primary  product  appears 

PT-TRr 
to  be  a  dibromhydrindene,  C6H3Br<pTT  _>CHa  (?),  in  which  one  of 

the  bromine  atoms  is  situated  in  the  benzene  ring,  as  is  shown  by 
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the  fact  that,  when  oxidised  with  nitric  acid,  bromophthalic  acid  is 
formed. 

Dibromhydrindene  may  be  distilled  under  diminished  pressure, 
but  at  the  ordinary  pressure  it  is  decomposed  into  bromindene  and 
hydrogen  bromide. 

C6H3Br<^]^^^>CH,  =  C6H3Br<g^  >CH  +  HBr. 

Hydrindenecarboxylic  acid,  when  treated  with  phosphorous  penta- 
chloride,  yields  a  well  characterised  crystalline  acid  chloride,  which 
has  been  used  in  the  synthesis  of  a  number  of  derivatives  of  hydr- 
indene  described  in  this  paper. 

CH 

Preparation  of  Hydrindenedicarhoxylic  acid,  G6H4<^ptt'^^C(COOH)o. 

A  method  of  preparing  this  acid  and  the  corresponding  hydr- 
indenemonocarboxylic  has  already  been  described  by  v.  Baeyer 
and  Perkin  (Ber.,  17,  122).  Although  this  method  answers  very- 
well  for  preparing  the  acids  in  small  quantities,  yet  where  large 
quantities  are  required,  as  was  the  case  in  carrying  out  the  experi- 
ments described  in  this  paper,  it  was  found  advantageous  to  intro- 
duce several  modifications,  more  especially  in  the  preparation  and 
purification  of  the  monocarboxylic  acid. 

We  give  in  full  the  method  which  was  ultimately  adopted.  In 
order,  in  the  first  place,  to  prepare  the  ethereal  salt  of  hydrindenedi- 
carhoxylic acid,  6  3  grams  of  sodium  is  dissolved  in  70  grams  of  pure 
absolute  alcohol ;  the  solution  of  sodium  ethylate  thus  obtained,  while 
still  warm,  is  mixed  with  250  c.c.  of  absolute  ether  (repeatedly  dis- 
tilled over  sodium),  21  grams  of  ethylic  malonate  is  added,  and  the 
mixture  well  shaken,  and  then  a  solution  of  35  grams  of  ortho-xylylene 
dibromide  in  250  c.c.  of  absolute  ether  is  poured  in.  The  clear  solution 
soon  begins  to  deposit  sodium  bromide,  and,  as  the  action  proceeds, 
suflBcient  heat  is  generated  to  keep  the  liquid  in  a  state  of  vigorous 
ebullition,  so  that  it  is  necessary  to  connect  the  flask  containing  the 
mixture  with  a  reflux  apparatus.  At  the  end  of  about  three  hours, 
the  clear  ethereal  solution  is  decanted  from  the  white  precipitate,  the 
ether  distilled  off,  the  residual  oil  again  mixed  with  the  white  pre- 
cipitate, and  the  whole  hydrolysed  by  digestion  with  a  solution  of 
20  grams  of  potassium  hydrate  in  methylic  alcohol  for  about  30 
minutes,  until  a  sample  when  dissolved  in  water  produces  only  a 
slight  milkiness.  After  distilling  off  the  bulk  of  the  methylic  alcohol 
on  a  water-bath,  the  residue,  which  often  has  a  peculiar  violet  colour, 
is  dissolved  in  water  and  evaporated  on  a  water  bath  till  free  from 
alcohol ;  the  well-cooled  solution  is  then  extracted  several  times  with 
ether  in  order  to  remove  oily  impurities.     On  acidifying  the  alkaline 
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solution,  a  bi'ownish,  crystalline  precipitate  of  impure  hydrindenedi- 
carboxylic  acid  separates;  this  is  dissolved  in  ether,  the  ethereal 
solution  evapoi'ated,  and  the  residual  brownish,  crystalline  mass 
purified  by  recrystallisation  from  water.  In  carrying  out  this  opera- 
tion, it  is  best  to  dissolve  the  crude  acid  in  a  large  bulk  of  water  at 
about  90°,  filter  from  undissolved  dark  coloured  impurities,  and  then 
concentrate  slowly  on  a  water  bath.  During  the  concentration,  the 
bibasic  acid  separates  in  crystalline  crusts,  the  quantity  of  which  in- 
creases largely  as  the  liquid  cools ;  these  crusts,  when  recrystallised 
from  water,  yield  beautiful,  colourless  crystals  which  consist  of  pure 
hydrindenedicarboxylic  acid,  as  the  following  analysis  shows. 

0-1606  gave  0-3762  CO2  and  0-0724  H^O.     C  =  6388;  H  =  5-01. 
C11H10O4  requires  C  =  64-07  ;  H  =  486  per  cent. 

Hydrindenedicarboxylic  acid  melts  at  199°,  as  stated  in  the  first 
paper  on  this  subject. 

CH 

Hydrindenemonocarboxylic  acid,  C6H4<^pjj'^>CH*COOH. 

This  acid  may  be  readily  obtained  in  small  quantities  in  a  pure 
state  by  the  method  first  described  by  Baeyer  and  Perkin,  namely, 
by  the  distillation  of  the  bibasic  acid;  but,  in  preparing  large  quan- 
tities, a  much  better  yield  of  pure  substance  is  obtained  by  the 
following  process.  The  crude,  brownish,  bibasic  acid  obtained  by 
hydrolysing  the  product  of  the  action  of  ortho-xylylene  dibromide 
on  ethylic  sodiomalonate,  and  extracting  with  ether,  as  described 
above,  is  heated  at  200°  in  an  oil  bath  until  the  evolution  of 
carbonic  anhydride  has  entirely  ceased.  The  dark-coloured  pro- 
duct is  then  dissolved  in  a  hot  dilute  solution  of  sodium  car- 
bonate, filtered  from  undissolved  impurities,  and  reprecipitated 
with  hydrochloric  acid,  care  being  taken  that  the.  acid  does  not  cake 
together.  The  precipitate,  after  being  collected  and  well  washed 
with  water,  is  ground  up  with  water  in  a  mortar  to  a  fine  paste,  and 
gradually  added  to  a  slight  excess  of  a  hot  dilute  solution  of  barium 
hydrate.  The  greater  part  of  the  acid  dissolves,  forming  a  colourless 
solution,  whereas  the  dark-coloured  impurities  cake  together,  forming 
resinous  lumps,  which,  however,  still  contain  some  of  the  acid ;  the 
recovery  of  this  is  described  below.  After  filtration,  the  alkaline 
solution  of  the  barium  salt  is  acidified  with  hydrochloric  acid,  and  the 
colourless,  crystalline  precipitate  collected,  washed  with  water,  and 
dried  at  100° ;  it  is  almost  pure  hydrindenecarboxylic  acid,  and  was 
the  material  used  in  the  following  expei-iments.  An  analysis  was 
made  of  the  acid  recrystallised  from  water. 

0-1478  gave  0-4004  CO2  and  00838  H^O.     C  =  7390  ;  H  =  630. 
CioHioOa  requires  C  =  74  07  ;  H  =  617  per  cent. 


231  PERKIN   AND   R^VAY  :    SYNTHESIS   OF   INUENE, 

The  yield  of  hydrindenecarboxylic  acid  obtained  in  this  way  is  good 
(about  70  per  cent,  of  the  theoretical),  but  considerable  quantities 
at-e  retained  in  the  brown  lumps  mentioned  above.  The  purification 
of  this  uninviting  product  is  a  matter  of  some  difficulty,  but  it  may 
be  accomplished  by  converting  the  acid  into  its  methylic  salt,  which, 
after  fractional  distillation,  yields  the  pure  acid  on  hydrolysis. 

To  this  end,  the  brown  resinou-s  mass  is  boiled  with  dilute  potas- 
sium hydrate  solution,  filtered,  and  the  crude  acid  reprecipitated  and 
washed  well  with  water.  The  almost  black  product  is  dried  at 
100°,  dissolved  in  10  times  its  weight  of  methylic  alcohol,  satu- 
rated with  gaseous  hydrogen  chloride  without  cooling,  and,  after 
standing  for  two  days,  the  liquid  is  poured  into  ice-cold  water.  The 
methylic  .salt  is  extracted  with  ether,  the  ethereal  solution  well 
washed,  first  with  water  and  subsequently  with  sodium  carbonate 
solution,  and  dried  over  anhydrous  potassium  carbonate  ;  the  ether  is 
then  distilled  off,  and  the  residue  submitted  to  fractional  distillation 
under  reduced  pressure.  The  almost  colourless  oil  which  distils 
between  160°  and  185°  (80  mm.)  is  hydrolysed  by  boiling  with 
alcoholic  potash,  the  potassium  salt  freed  from  alcohol  by  evapora- 
tioQ,  dissolved  in  water,  acidified  with  hydrochloric  acid,  and  the 
resulting  almost  colourless  acid  purified  by  recrystallisatlon  from 
water  or  from  acetic  acid. 

It  may  here  be  mentioned  that  a  cold  solution  of  hydrindenecarb- 
oxylic acid  in  dilute  sodium  carbonate  solution  does  not  decolorise 
potassium  permanganate  except  on  standing. 

Barium  hydrindenecarboxylate. — Quantities  of  this  salt  were  obtained 
during  the  purification  of  the  acid  as  described  above.     It  is  readily 
soluble   in  water,  and   crystallises  from  a  concentrated   solution  in 
colourless  needles  which  contain  water  of  crystallisation.* 
I.  0-2660  gave  0-1353  BaSO^.     Ba  =  29-86  per  cent. 

II.  0-2688     „     0-1365      „  Ba  =  29-87 

CaoHi804Ba  requires  Ba  =  29  84  per  cent. 

ri  IT 

Methylic Hi/drindenecarhoxylate,  C6H4<;QjLr'*>CH*COOCH3. 

This  ethereal  salt  was  obtained  in  considerable  quantities  in  the  puri- 
fication of  crude  hydrindenecarboxylic  acid  (see  above),  but  as  this 
crude  product  is  difficult  to  purify,  a  small  quantity  of  the  methylic  salt 
was  prepared  from  the  pure  acid  in  the  following  manner  :  10  grams 
of  pure  dry  hydrindenecarboxylic  acid  was  dissolved  in  50  grams 
of  methylic  alcohol,   the   solution  saturated,    without  cooling,    with 

•  The  numbers  obtained  in  the  estimation  of  the  amount  of  water  of  crystallisa- 
tion have  unfortunately  Joeen  lost. 
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dry  hydrogen  chloride,  allowed  to  stand  for  two  days,  and  then 
warmed  on  a  water  bath  in  a  reflux  apparatus  for  about  half  an  hour. 
The  well-cooled  product  was  poured  into  ice-cold  water,  the  methylic 
salt  extracted  with  ether,  and  the  ethereal  solution  washed  well, 
first  with  water,  then  with  sodium  carbonate  solution  ;  it  was  then 
dried  over  anhydrous  potassium  carbonate,  evaporated,  and  the 
brownish  oily  residue  purified  by  fractionation  under  reduced  pres- 
sure. 

Methylic  hydrindenecarboxylate  boils  at  170°  under  a  pressure  of 
60  mm.,  and  the  colourless  distillate,  on  standing  for  a  long  time, 
solidifies  to  a  mass  of  colourless  crystals  which  melt  at  a  low  tem- 
perature. 

0-1450  gave  03981  CO^  and  0-0907  H^O.     C  =  74-87 ;  H  =  6-95. 
C11H12O2  requires  C  =  75-00  ;  H  =  682  per  cent. 

Methylic  hydrindenecarboxylate,  when  pure,  distils  under  the 
ox'dinary  pressure  with  only  slight  decomposition.  It  has  a  peculiar 
faintly  aromatic  smell,  and  is  insoluble  in  water ;  when  boiled  vv^ith 
alcoholic  potash,  it  is  readily  hydrolysed. 

PIT 

Eydrindenecarhoxylic  Chloride,  C6Hi<^ptt'*]!>CH*C0C1. 

This  is  readily  obtained  by  the  action  of  phosphorous  pentachloride 
on  hydrindenecarboxylic  acid,  according  to  the  equation 

C6H4<^g;>CH-COOH  +  PCI5  =  C6H4<^g;>CH-COCl  + 

POCI3  +  HCl. 

In  preparing  this  substance  it  is  important  to  operate  as  quickly  as 
possible,  and  prolonged  heating  of  the  product  should  be  especially 
avoided,  as  otherwise  the  whole  mass  is  apt  to  be  decomposed.  The 
following  method  may  be  advantageously  employed  in  preparing  con- 
siderable quantities  of  this  chloride.  25  grams  of  pure  phosphorus 
pentachloride  are  introduced  into  a  distillation  flask,  which  must  be  of 
such  a  capacity  as  to  allow  of  the  subsequent  convenient  distillation  of 
the  product  under  diminished  pressure;  and  then  16  grams  of  pure 
dry  hydrindenecarboxylic  acid  in  the  form  of  lumps  (not  of  powder,^; 
as  the  reaction  may  easily  become  very  violent)  is  added  all  at  once. 
In  a  short  time  a  vigorous  action  sets  in  with  evolution  of  torrents  of 
hydrogen  chloride,  and  ultimately  the  whole  mass  liquefies.  As  soon 
as  the  action  has  completely  subsided  the  flask  is  connected  with  an 
apparatus  for  distillation  under  diminished  pressure  (100  mm.),  and 
the  product  rapidly  fractioned. 

After  the  phosphorous  oxychloride  has  passed  over,  the  thermo- 
meter rises  rapidly  to  178°,  between  which  temperature  and  182°  the 
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acid   chloride   distils.      An   analysis  of  this   product  was   made   by 
Carins'    method. 

0-2554  gave  0-2014  AgCl.     CI  =  19-51. 

C10H9CIO  requires  CI  =  19-69  per  cent. 

When  freshly  distilled,  hydrindenecarboxylic  chloride  is  a  colourless, 
pungent-smelling  oil,  which,  although  it  may  sometimes  remain  liquid 
for  days,  generally  solidifies  rapidly  to  a  mass  of  colourless  prisms ; 
it  melts  at  approximately  35 — 38° ;  and,  when  pure,  boils  constantly 
at  180°  (100  mm.).  It  is  moderately  readily  decomposed  by  cold  water 
and  by  alcohol,  very  readily  when  warmed  with  these  liquids. 

CH 

Amide  of  Hydrindenecarhoxylic  acid,  C6H4<^prT''^CH*CONH2. 

This  was  prepared  in  two  different  ways,  namely  (I)  by  the  action 
of  ammonium  carbonate  on  hydrindenecarboxylic  chloride,  and  (II) 
by  the  action  of  ammonia  on  methylic  hydrindenecarboxylate. 

Method  I. — Pure  hydrindenecarboxylic  chloride  was  ground  up  in 
a  mortar  with  excess  of  ammonium  carbonate  until  all  action  had 
ceased ;  the  mixture,  after  three  hours,  was  treated  with  water,  and 
the  crude  insoluble  amide  collected  and  washed  well,  first  with  dilute 
sodium  carbonate  solution,  and  subsequently  with  water.  It  was 
then  dried  on  a  porous  plate,  and  recrystallised  from  methylic 
alcohol.  ) 

Method  II. — Pure  methylic  hydrindenecarboxylate,  10  grams,  was 
heated  in  a  sealed  tube  with  30  c.c.  of  strongest  aqueous  ammonia 
solution  for  three  hours  at  120° ;  the  tube  was  then  opened,  the 
contents  again  saturated  with  ammonia,  and  the  heating  at  120'^ 
continued  for  three  hours  more.  The  tube,  on  cooling,  was  found  to 
be  filled  with  hard  lumps  interspersed  with  beautiful,  glistening 
plates.  The  solid  substance  was  collected,  washed  with  water,  dried 
on  a  porous  plate,  and  recrystallised  three  timea  from  methylic 
alcohol.  In  this  way,  magnificent,  colourless  prisms  were  obtained, 
which,  on  analysis,  gave  the  following  numbers. 

0-1324  gave  10-4  c.c.  moist  nitrogen  at  23°  and  752  mm.     N  =  8-75. 
CioHiiNO  requires  N"  =  8-69  per  cent. 

The  amide  of  hydrindenecarboxylic  acid  melts  at  178°  ;  it  is  readily 
soluble  in  alcohol,  sparingly  in  chloroform,  and  almost  insoluble  in 
■water.  When  rapidly  heated,  small  quantities  distil  apparently 
without  decomposition. 

CFT 

Anilide  of  Hydrindenecarhoxylic  acid,  CeHi-sC^piT'^^CH'CO'NH'CeHs. 

This  substance  is  readily  produced  by  the  interaction  of  hydrindene- 
carboxylic chloride  and  aniline  thus, 
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C6H,<^^^^>CH-C0C1  +  2N-H,-C6H5  = 

C6Hi<^g^^>CH-CO-NH-C6H,  +  C6H5-NH2,KCI. 

Freshly  distilled  aniline  in  excess  is  added  to  pure  hydrindeno- 
carboxylic  chloride,  and  the  mixture,  as  soon  as  the  somewhat  violent 
action  which  sets  in  has  subsided,  heated  for  almost  half  an  hour 
on  a  water  bath.  In  ordei'  to  purify  the  crude  solid  product,  it  is 
ground  up  with  very  dilute  hydrochloric  acid,  well  washed  with 
water,  dried  on  a  porous  plate,  and  recrystallised  once  or  twice  from 
ethylic  alcohol.  The  beautiful,  glistening  plates  thus  obtained  gave 
the  following  results  on  analysis. 

0'1520  gave  8'2  c.c.  moist  nitrogen  at  19°  and  758  mm.    N  =  6'18. 
CieHisN^O  requires  N  =  5 '91  per  cent. 

The  anilide  of  hydrindenecarboxylic  acid  melts  at  182° ;  it  is  very 
sparingly  soluble  in  cold  alcohol,  but  dissolves  more  readily  in  the 
boiling  solvent ;  the  solution,  on  cooling,  deposits  the  auilide  in 
beautiful,  glistening  plates. 

It  is  readily  soluble  in  hot  acetic  acid,  and  crystallises  beautifully 
from  this  solvent,  in  thin,  four-sided  plates ;  it  dissolves  sparingly  in 
chloroform,  and  is  almost  insoluble  in  light  petroleum. 

Action  of  Bromine  Vapour  on  Hydrindenecarboxylic  acid. 
Finely  divided  hydrindenecarboxylic  acid  is  readily  acted  on  when 
exposed  under  a  bell  jar  to  the  vapour  of  bromine.  A  quantitative 
experiment  showed  that  4  atoms  of  bromine  are  taken  up  with 
formation  of  tetrabromhydrindenecarboxylic  acid ;  0'8610  gram  of 
acid,  exposed  to  the  vapour  of  bromine  for  five  days,  and  then 
allowed  to  stand  in  a  vacuum  desiccator  over  potash  until  the  excess 
of  bromine  had  evaporated,  gained  1*647  grams.  The  calculated  gain 
for  the  formation  of  an  acid,  doHeBriO?,  is  1*67  grams.  The  bromo- 
acid  is  sparingly  soluble  in  cold  acetic  acid,  but  dissolves  more 
readily  on  boiling;  the  solution,  on  cooling,  deposits  the  acid  in 
colourless  needles,  which  appear  to  contain  acetic  acid  of  crystallisa- 
tion, as  they  become  opaque  on  drying  at  100°. 

0-1648  gave  01520  CO^  and  00211  H^O.     C  =  2515;  H  =  1-41. 

0-296.^     „      0-4630  AgBr  ;  Br  =  66-55. 

CoHgBriOj  requires  C  =  2510  ;  H  =  125 ;  Br  =  6692  per  cent. 

Tetrabromhydrindenecarboxylic  acid  melts  at  248 — 250°.  It  is 
sparingly  soluble  in  methylic  alcohol,  chloroform,  light  petroleum, 
ether,  and  benzene  ;  more  readily  in  boiling  toluene  and  xylene.  The 
sodium  salt  is  sparingly  soluble  in  water,  and  separates,  on  dissolving 
the  acid  in  soda,  as  a  white,   gelatinous   mass.      The    cold   dilute 
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solution  of  the  acid  in  sodium  cai'bonate  does  not  decolorise  per- 
manganate. 

Indenecarhoxylic  acid,  C6H4<^prT  ^C'COOH. 

■  When  subjected  to  the  action  of  bromine  in  chlorofoi'm  solution, 
hj-drindenecarboxjlic  acid  is  partly  converted  into  indenecarboxylic 
acid,  with  loss  of  2  atoms  of  hydrogen,  thus : 

C6H4<^g;>CH-COOH   4-  Br,  =  CeHK^^  >C-COOH  +  2HBr. 

The  study  of  this  interesting  action  is  rendered  difficult,  as  very 
slight  variations  in  the  conditions  of  the  experiment  give  rise  to  the 
formation  of  very  different  products.  In  several  instances  where  the 
conditions  apparently  were  precisely  similar,  sometimes  a  very  good 
yield  of  indenecarboxylic  acid  was  obtained,  whilst  at  other  times 
the  product  was  resinous,  and  very  difficult  to  purify.  In  carrying 
out  the  experiment,  4'5  grams  of  hydrindenecarboxylic  acid  were 
dissolved  in  20  c.c.  of  pure  dry  chloroform,  4"1  grams  of  dry  bromine 
added,  and  the  mixture  heated  in  a  water  bath  at  100°  for  about 
1  hour.  After  standing  over  night,  the  tube  was  seen  to  con- 
tain a  quantity  of  beautiful  glistening  plates ;  these  were  collected, 
washed  with  a.  little  chloroform,  spread  on  a  porous  plate,  and  re- 
crystallised  from  dilute  acetic  acid  and  from  chloroform,  until  the 
melting  point  was  constant.  The  analysis  gave  results  which  agree 
with  the  formula  of  indenecarboxylic  acid. 

I.  0-1561  gave  0-4270  CO, and  00717  H^O.    C  =  74-60  ;  H  =  5-10. 
IT.  0-1734    „     0-4752  CO,  and  0-0790  H,0.    C  =  74-75  ;  H  =  5-06. 
CioHgO,  requires  C  =  75*00 ;  H  =  5-00  per  cent. 

The  chloroform  filtrate,  which  was  separated  from  the  crystals  of 
indenecarboxylic  acid,  as  described  above,  and  which  still  contained 
the  greater  part  of  the  substance,  was  well  washed  with  water  to 
remove  hydrogen  bromide,  dried  over  calcium  chloi'ide,  the  bulk  of 
the  chloroform  distilled  off,  and  the  residual  concentrated  solution 
allowed  to  stand  for  some  days  in  a  cold  place.  In  this  way  a  further 
crop  of  crystals  of  indenecarboxylic  acid  was  obtained,  but  these  were 
dark  coloured  and  much  more  difficult  to  purify.  Lastly,  the  mother 
liquor  from  these  crystals,  on  evapox'ation,  deposited  an  uninviting, 
reddish  oil,  which  on  long  standing  became  pasty,  owing  to  the  sepa- 
ration of  crystals,  but  these  could  not  be  separated  from  the 
resinous  impurities  by  treatment  with  solvents.  If,  however,  this 
crude  product  is  distilled  under  diminished  pressure,  the  oily  distil, 
late,  on  cooling,  almost  entirely  solidifies,  and  on  treating  it  with  small 
quantities  of  chloroform  to  dissolve  impurities  a  further  quantity  of 
indenecarboxylic  acid  may  be  obtained. 
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ProperHes  of  Indenecarhoxylic  acid. — Indenecarboxylic  acid,  whrn 
heated  in  a  capillaiy  tube,  becomes  soft  at  222°,  and  melts  not  quite 
sharply  at  280°.  Small  quantities  of  the  piire  acid,  heated  in  a  test 
tube,  distil  almost  without  decomposition,  forming  a  wool-like  sub- 
limate in  the  cooler  portions  of  the  tu^be  ;  on  the  hotter  portions,  an 
oil  condenses  which  solidifies  on  cooling.  The  melting  point  of 
the  distillate  and  the  sublimate  is  about  220°,  or  a  few  degrees  lower 
than  that  of  the  recrystallised  acid.  When  carefully  heated  in  a 
stream  of  an  indifferent  gas  in  a  piece  of  combustion  tube,  indene- 
carhoxylic acid  sublimes  in  magnificent,  iridescent  needles,  somewhat 
resembling  a  sublimate  of  benzoic  acid. 

Indenecarhoxylic  acid  is  readily  soluble  in  alcohol,  ether,  acetic 
acid,  and  ethyl  acetate,  but  only  sparingly  in  chlorofoi-m,  benzene, 
carbon  bisulphide,  or  water,  and  almost  insoluble  in  light  petroleum. 
It  crystallises  from  boiling  water  in  colourless,  microscopic  needles ; 
but  it  is  most  readily  purified  by  recrystallisation  from  chloroform  or 
dilute  acetic  acid. 

A   number   of   experiments   were   instituted   with   the  object   of 

obtaining  a  dibromindenecarboxylic  acid,  CgHi-c^ppr  _>'CBr-COOH, 

but  without  success.  When  dry  indenecarhoxylic  acid  is  exposed  to 
the  action  of  bromine  vapour  it  absorbs  large  quantities  of  t>he 
halogen,  and  is  converted  into  a  brownish  mass,  which  is  for  the  most 
part  insoluble  in  alkaline  carbonates,  and  which  appears  to  contain 

dibromhydrindene,     C6H4<:^pTT  _^CHBr.     This   substance  is  very 

difficult  to  purify,  and  no  satisfactory  analytical  numbers  could  be 
obtained  with  the  small  quantity  at  our  disposal. 

Indenecarhoxylic  acid  dissolves  in  concentrated  sulphuric  acid  in 
the  cold,  forming  a  colourless  solution,  which  on  warming  becomes 
brownish,  but  no  resinous  substance  is  fonned  in  the  cold,  as  is  the 
case  when  indene  itself  is  treated  with  sulphuric  acid  at  the  ordinary 
temperature.  A  solution  of  indenecarhoxylic  acid  in  cold,  dilute 
sodium  carbonate  decolorises  potassium  permanganate  instantly,  as 
was  to  be  expected,  owing  to  its  unsaturated  nature  and  similarity  in 
constitution  to  the  tetrahydrophthalic  acids. 

Salts  of  Indenecarhoxylic  acid.  Silver  salt,  CioHiOjAg. — This  was 
]^repared  by  precipitating  a  neutral  solution  of  the  ammonium  salt 
with  silver  nitrate.  It  is  an  amorphous,  white  precipitate,  which,  on 
standing,  acquires  a  glistening  appearance,  and  thus  apparently 
becomes  crystalline. 

0-22H0  gave  0-0899  Ag.     Ag  =  40-31. 

CoHvOzAg  requires  Ag  =  40-45  per  cent. 

A  dilute  solution  of  the  ammonium  salt  of  indenecarboxylic  acid 
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shows  the  following  behavioui*  with  reagents.  Copper  acetate,  a  heavy, 
light  blue  precipitate,  insoluble  in  water.  Barium  chloride,  a  whit*, 
crystalline  precipitate  gradually  forms,  which  is  moderately  soluble 
in  hot  water.  Lead  acetate,  a  white,  amorphous  precipitate,  which  on 
boiling  becomes  caseous.  Calcium  chloride,  a  white,  apparently  crys- 
talline precipitate,  which  is  much  less  soluble  than  the  barium  salt. 
Zinc  chloride  and  cadmium  chloride,  white  precipitates  ;  the  cadmium 
salt  becomes  crystalline  on  boiling. 

In  preparing  indenecarboxylic  acid  by  the  method  described  above, 
it  happened,  on  several  occasions,  that  no  crystals  separated  from  the 
chloroform  solution  of  the  product  of  the  action  of  bromine  on 
hydrindenecarboxylic  acid,  and,  on  evaporation,  a  semi-solid  residue 
was  left,  containing  apparently  much  unchanged  substance,  and  from 
which  no  definite  product  could  be  obtained  by  treatment  with  sol- 
vents. From  such  a  product,  indenecarboxylic  acid  may  be  isolated 
in  the  following  way.  The  crude  substance  is  boiled  with  a  consider- 
able quantity  of  water,  and  milk  of  lime  added,  any  slight  excess 
being  removed  by  passing  a  stream  of  carbonic  anhydride  through  the 
boiling  liquid.  On  concentrating  the  filtrate,  and  allowing  it  to 
stand,  a  calcium  salt  is  deposited  in  curious  nodules.  The  addition 
of  hydrochloric  acid  to  the  aqueous  solution  of  this  salt  precipitates  a 
slightly  coloured  crystalline  acid,  which  has  no  definite  melting  point. 
This  is  again  converted  into  the  calcium  salt,  and  the  treatment  re- 
peated until  a  colourless  acid  is  obtained,  which,  after  washing  with 
small  quantities  of  chloroform,  melts  above  200° ;  pure  indenecarb- 
oxylic acid  may  be  obtained  from  this  by  recrystallising  from  80  per 
cent,  acetic  acid. 

Eydrindene  Methyl  Ketone,  C6H4<Qg'>CH-CO-CH3. 

The  chloride  of  hydrindenecarboxylic  acid  and  zinc  methide  inter- 
act in  ethereal  solution,  forming  a  soluble  zinc  compound,  which  is 
decomposed  by  water,  yielding  hydrindene  methyl  ketone.  This 
decomposition  is  probably  represented  thus  : — 

I.  CeH4<^g*>CH-C0CI  +  ZnCCH,),  = 


CHj^^^xr.nZ 


C6H4<^QTT^>  CH'C^CHs 


,0ZnCH3 


-OZn-CHa 
CI 


11.  C<,H4<^g>CH-C^H3  +  R,0  =  C6H,<^g>CH-CO-CH3 

-f  CH4  +  ZnO  +  HCI. 

In  preparing  the  zinc  methide  necessary  for  these  experiments,  the 
^inc-copper  couple  was,  as   recommended  by  Gladstone  and  Tribe 
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(Trans.,  1879,  35,  569),  heated  with  methylic  iodide  under  an  extra 
pressure  of  about  500  mm.  of  mercury  until  the  action  was  complete, 
and  the  zinc  methiodide  distilled  directly  into  a  weighed  flask.  In  each 
case  about  25  grams  of  zinc  methide  was  prepared,  and  this  was  diluted 
with  100  c.c.  of  absolute  ether,  about  12  grams  of  hydrindenecarb- 
oxylic  chloride  added,  and  the  mixture  heated  in  a  reflux  apparatus 
for  two  days.  The  action  does  not  take  place  readily  as  is  the  case 
when  zinc  ethide  is  used  (see  p.  243),  and  even  after  boiling  for  two 
days  an  appreciable  amount  of  hydrindenecarboxylic  chloride  remains 
unacted  on  in  spite  of  the  large  excess  of  zinc  methide  employed.  In 
order  to  isolate  the  product,  water  was  added  very  slowly  and  drop 
by  drop  from  a  dropping  funnel,  great  care  being  necessary  at  this 
stage  owing  to  the  almost  explosive  violence  of  the  action,  and  it  is 
well,  during  the  operation,  to  keep  the  flask  containing  the  ethereal 
solution  well  cooled  with  ice-cold  water.  As  soon  as  the  decom- 
position of  the  zinc  compound  is  complete,  hydrochloric  acid  is  added 
to  dissolve  the  precipitated  zinc  hydroxide,  and  the  whole  extracted 
three  times  with  ether. 

The  ethereal  solution  which  contains,  besides  the  hydrindene  methyl 
ketone,  considerable  quantities  of  hydrindenecarboxylic  acid  (from 
undecomposed  chloride),  is  repeatedly  extracted  with  dilute  potassium 
hydrate  solution,  dried  over  anhydrous  potassium  carbonate,  and 
evaporated,  the  residual,  almost  colourless  ketone  being  purified  by 
fractionation  under  reduced  pressure.  Almost  the  whole  passes  over 
at  170 — 180°  (80  mm.)  at  the  first  distillation,  and  on  redistillation  an 
oil  is  obtained  which  boils  constantly  at  175 — 177"  (80  mm.). 

01892  gave 0-5692  CO^  and  01272  H^O.     C  =  8205 ;  H  =  7-47. 
CiiHijO  requires  C  =  8250 ;  H  =  7*50  per  cent. 

Hydrindene  methyl  ketone  is  a  colourless  oil  of  feeble  odour,  and, 
in  small  quantities,  maybe  distilled  under  the  ordinary  pressure  with 
only  very  slight  decomposition.  The  yield  obtained  in  the  above 
synthesis  was  comparatively  small,  owing  to  the  fact  that  the  pro- 
duct invariably  contained  unchanged  acid  chloride,  from  which, 
however,  hydrindenecarboxylic  acid  may,  of  course,  be  again  re- 
generated. 

Hydrindene  Methyl  Ketoxime,  C8H4<^^'>CH-C(CH3):NOH. 

"When  treated  with  hydroxylamine  in  strongly  alkaline  solution, 
hydrindene  methyl  ketone  is  converted  into  a  beautifully  crystalline 
oxime,  which  serves  as  a  valuable  means  of  charactei-ising  the  oily 
ketone. 

In  preparing  this  oxime,  hydrindene  methyl  ketone  (1*6  grams)  was 
dissolved  in   a  little  alcohol,  the   solution  mixed  with  a  saturated 
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aqueous  solution  of  hydroxylamine  hydrocliloride  (1  gram),  a  mode- 
rately concentrated  solution  of  alcoholic  potash  (coutaining  2  grams 
KOH)  added,  and  the  whole  left  for  24  hours.  The  product  was 
then  evaporated  gently  on  a  water  bath  till  free  from  alcohol,  diluted 
with,  water,  and  rendered  slightly  acid  by  the  addition  of  dilute 
hydrocliloric  acid.  The  oxime,  which  was  precipitated  as  a  colour- 
less solid,  was  collected,  washed  with  water,  and  purified  by  recrys- 
tallisation  from  methylic  alcohol.     For  analysis,  it  was  dried  at  100°. 

0-1434  gave  0-3966  CO2  and  0-0988  H^O.     C  =  75-42;  H  =  76^. 

0-2184     „      16-4  c.c.  moist  nitrogen  at  22°  and  740  mm.   X  =  8-20. 
CuHjgN'O  requires  C  =  75-42 ;  H  =  7'43 ;  N  =  8-00  per  cent. 

Hydrindene  methyl  ketoxime  melts  at  125 — 126°.  It  is  readily 
soluble  in  methylic  alcohol,  chloroform,  benzene,  and  acetic  acid, 
sparingly  in  light  petroleum,  and  almost  insoluble  in  water.  It  crys- 
tallises from  methylic  alcohol  in  magnificent  glistening  prisms,  and 
from  dilute  acetic  acid  in  needles.  Hydrindene  methyl  ketoxime 
dissolves  readily  in  concentrated  hydrochloric  acid  on  warming,  and 
remains  dissolved  on  diluting  with  water,  but  is  reprecipitated  on  the 
addition  of  sodium  carbonate ;  it  dissolves,  also,  on  warming  with 
strong  caustic  potash  solution,  but  if  the  solution  is  diluted  and 
allowed  to  stand  the  oxime  gradually  separates  in  stellar  groups  of 
needles. 

Hydrindenemethylcarhinol,  C6H4<^p  „'>CH'CII(CH3)-0H. 

In  reducing  ketones  which  have  a  high  molecular  weight,  as  is  thp 
case  with  hydrindene  methyl  ketonOj  and  which  are  almost  insoluble 
in  dilute  alcohol,  the  best  reagent  for  effecting  this  purpose  is  sodium 
in  the  presence  of  alcohol.  The  pure  ketone  was  dissolved  in  alcohol 
and  treated  with  twice  the  calculated  quantity  of  sodium  in  a  large 
flask  connected  with  a  reflux  apparatus,  the  action  being  allowed  to 
proceed  as  vigorously  as  possible.  The  product  was  mixed  with  watet*, 
extracted  three  times  with  ether,  the  ethereal  solution  washed  well 
with  water,  dried  over  anhydrous  potassium  carbonate,  evaporated, 
and  the  colourless  oil  thus  obtained  purified  by  distillation  under 
reduced  pressure.  The  fraction  185 — 190°  (80  mm.),  on  standing, 
almost  entirely  solidified  in  the  form  of.  long,  slender,  striated  needles  ; 
these  were  freed  from  oily  mother  liquor  by  spreading  on  a  porous 
plate,  dried  over  sulphuric  acid,  and  analysed. 

0-1357  gave  0-4051  CO,  and  01055  H^O.     C  =  81-41  ;  H  =  8-64.' 
CiiHuO  requires  C  =  81-48 ;  H  =:  8*65  percent. 

Hydrindenemethylcarhinol  melts  at  about  48°,  and  has  a  peculiar, 
somewhat  penetrating  smell.  It  dissolves  freely  in  most  organic 
solvents.  > 
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Hydrindenemethylcarhznyl  Acetafe, 
C6H,<g^^^>CH-CH(CH3)-0-C2H30. 

In  order  to  prepare  this  acetate,  the  pure  carbinol  was  digested 
for  two  hours  with  excess  of  acetic  anhydride,  the  anhydride  distilled 
off,  and.  the  crude  oily  residue  purified  by  fractionation  under 
reduced  pressure.  Hydrindenemethylcarbinyl  acetate  is  a  colourless 
oil  which  boils  at  188 — 190"  (70  mm.)  and  has  a  peculiar  odour, 
somewhat  recalling  that  of  toluene. 

0-1425  gave  0-3982  CO2  and  0-1020  H^O.     C  =  76-21 ;  H  =  7-94. 
C13H16O2  requires  C  =  76-47  ;  H  =  7-84  per  cent. 

Hydrlndene  Ethyl  Ketone,  C6Hi<^^->CH-CO-C.,H5. 

This  interesting  substance  is  much  more  easily  prepared  than  the 
methyl  ketone,  and  is  obtained  in  very  good  yield  by  the  action  of 
zinc  ethide  on  hydrindenecarboxylic  chloride.  The  following  are  the 
details  of  the  method  of  preparation  employed.  A  flask  of  about 
1^  litres  capacity,  containing  about  70  c.c.  of  absolute  ether  (which 
had  been  freed  froni  the  last  traces  of  alcohol  and  water  by  repeated 
distillation  over  sodium)  was  filled  with  dry  carbonic  anhydride, 
10  grams  of  zinc  ethide  was  added,  and  17  grams  of  freshly  distilled 
hydrindenecarboxylic  chloride  poured  in.  The  mixture  soon  became 
warm,  and,  on  standing  for  some  time,  the  temperature  gradually 
rose  until  the  ether  began  to  boil  vigorously,  so  that  it  was  necessary 
to  moderate  the  action  by  cooling  when  it  became  too  violent. 

After  the  product  had  stood  for  about  half  an  hour,  10  grams 
more  of  zinc  ethide  was  added  and  the  mixture  heated  to  boiling  for 
two  hours  in  a  reflux  apparatus.  The  product  was  then  decomposed 
by  the  careful  addition  of  small  quantities  of  water,  the  precipitated 
zinc  hydroxide  dissolved  in  dilute  hydrochloric  acid,  and  the  ketone 
extracted  by  shaking  three  times  with  ether ;  the  ethereal  solution, 
after  washing  with  water,  was  dried  over  anhydrous  potassium  carb- 
onate, and  evaporated.  The  residual  oil  was  then  purified  by  fractiona- 
tion under  reduced  pressure,  when  the  whole  (15  grams)  passed  over 
between  188°  and  190°  (80  mm.),  at  the  first  distillation,  as  a  colour- 
less oil ;  this,  on  cooling,  solidified  almost  completely  in  magnificent, 
four-sided  plates.  The  crystalline  mass  after  being  freed  from  traces 
of  oil  by  spreading  it  on  a  porous  plate,  was  analysed. 

0-1953  gave  05910  CO,  and  01457  H^O.     C  =  82'53 ;  H  =  8-28. 
CaHuO  requires  C  =  8276  ;  H  =  805  per  cent. 

Hydrindene  ethyl  ketone  is  a  colourless  crystalline  substancej 
which  melts  at  about  28'  and  distils  at  188—190°  (80  mm.). 

VOL.    LXV.  8 
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Hydrindene  ethyl  Jcetoxime,  C6H4<[ptt'^]>CH*C(C2H8)".NOH. 

This  beautiful  substance  was  prepared  by  the  action  of  hydroxyl- 
amine  on  the  pure  ketone  in  tbe  presence  of  a  large  excess  of  potassium 
hydrate.     The  following  quantities  were  employed. 

Hydrindene  ethyl  ketone,  4  grams  dissolved  in  10  c.c.  of  methyl 

alcohol. 
Potassium  hydrate,  8  grams  dissolved  in  30  c.c.  of  methyl  alcohol. 
Hydroxylamine  hydrochloride,  3  5  grams  dissolved  in  the  smallest 

possible  quantity  of  water. 

The  mixed  solutions,  on  standing  for  15  hours,  deposited  beautiful 
crystals,  and  on  adding  water  and  acidifying,  a  heavy,  white  pre- 
cipitate was  throwm  down,  which  was  extracted  twice  with  ether; 
the  ethereal  solution  was  washed  with  water,  dried  over  calcium 
chloride,  and  the  ether  distilled  off.  The  residual  oil  solidified 
almost  at  once,  and  the  crystalline  mass  was  readily  obtained  quite 
colourless  by  washing  with  small  quantities  of  ether.  For  analysis, 
the  substance  was  dried  over  sulphuric  acid. 

0'1566  gave  10'2  c.c.  moist  nitrogen  at  22*5°,  and  756  mm.  N"  =  7"38. 
C12H15NO  requires  N  =  7*40  per  cent. 

Hydrindene  ethyl  ketoxime  melts  at  104° ;  it  is  readily  soluble  in 
alcohol,  ether,  benzene,  and  hot  light  petroleum,  but  only  sparingly 
in  cold  light  petroleum,  and  in  water.  It  crystallises  from  dilate 
methylic  alcohol  in  magnificent,  colourless  needles. 

Hydrindeneethylcarbinol,  C6H4<^^''>CH-CH(C2H5)-OH. 

The  reduction  of  hydrindene  ethyl  ketone  was  carried  out,  as  in 
the  case  of  the  methyl  ketone,  by  means  of  sodium  and  alcohol.  The 
ketone  was  dissolved  in  absolute  alcohol,  and  treated  as  rapidly  as 
possible  with  twice  the  calculated  quantity  of  sodium,  the  product 
allowed  to  cool,  diluted  with  water,  and  extracted  three  times  with 
ether  ;  the  ethereal  solution  was  then  well  washed,  dried  over  anhydr- 
ous potassium  carbonate,  and  evaporated.  The  oily  residue  distilled 
constantly  at  192°  under  a  pressure  of  80  mm.,  passing  over  as  a 
colourless  oil,  which,  on  standing,  solidified  to  a  mass  of  con- 
centrically grouped  needles. 

01427  gave  0-4280  CO2  and  0-1166  H^O.     C  =  8180  ;  H  =  910. 
Ci^H.eO  requires  C  =  81*81 ;  H  =  9-09  per  cent. 

Hydrindeneethylcarbinol  crystallises  from  dilute  methylic  alcohol 
in  magnificent,  colourless  needles,  and  melts  at  67°.  It  is  readily 
soluble  in  alcchol,  benzene,  and  light  petroleum,  separating  from  its 
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hot   solution   in  the   latter  solvent,  on  cooling,   in  lono-,  colcMu-less 
needles. 

EydrindeneefhylcarUnyl  Acetate,  C6H4<^y'>CH-CH(C2H5>0-C.  11,0. 

This  acetate  is  readily  prepared  by  digestincr  the  pure  car'ninol 
with  twice  its  weight  of  acetic  anhydride  for  two  hours,  distillinir  off 
the  excess  of  anhydride,  and  fractioning  the  residual  oil  under  a 
pressure  of  80  mm.  It  is  a  colonrless  oil  boiling  at  210°  (80  nun.), 
and  possessing  an  odour  very  similar  to  that  of  the  corresponding 
hydrindenemethylcarbinyl  acetate, 

0-1713  gave  04820  CO^  and  01310  H^O.     C  =  76-74 ;  H  =  s-49. 
CuH.gOz  requires  C  =  77  06;  H  =  8-26  per  cent. 

Hydrindene  Phenyl  Ketone,  C6H4<^^'>CH-CO-C6H5, 

In  the  presence  of  aluminium  chloride,  hydrindenecarboxylic 
chloride  and  benzene  readily  interact,  forming  hydrindene  jilienyi 
ketone,  thus : 

C6H,<^^->CH-C0C1  +  CeH«  =  C6H,<gg>CH-C3-aH. 

+  IICI. 

In  carrying  out  this  synthesis,  2-5  grams  of  freshly  distilled  liydr- 
indenecarboxylic  chloride  was  dissolved  in  100  grams  of  pure,  dry 
benzene  (free  from  thiophen)  in  a  litre  flask,  and  30  grams  of  nliim- 
inium  chloride  added  to  it  in  small  quantifies  at  a  time.  As  soon  as 
the  principal  action,  which  rapidly  sets  in,  had  subsided,  and  the 
liquid  cooled  down  again,  the  flask  was  connected  with  a  iftiux 
apparatus,  and  heated  in  a  water  bath  for  three  hours.  The  dark 
coloured  product  was  then  poured  into  ice  cold  water,  extracted 
several  times  with  ether,  and,  after  the  ethereal  solution  had  been 
well  washed,  first  with  water  and  then  with  dilute  sodium  carbonate 
solution,  it  was  dried  over  calcium  chloride,  and  the  ether  and  benz- 
ene distilled  off. 

The  brownish  oily  residue  was  then  heated  in  a  dish  on  a  Avater 
bath  until  quite  free  from  benzene,  allowed  to  stand,  and  the  tlark 
yellow,  crystalline  cake  which  formed  freed,  as  far  as  possible,  t'lom 
oily  impurities  by  leaving  it  in  contact  with  a  porous  plate  for  some 
days.  The  ochre  coloured  residue  was  then  further  purified  by  re- 
peated recrystallisation  from  methylic  alcohol. 

0-1453  gave  0"4602  CO,  and  00866  HjO.     C  =  8638  ;  H  =  il  62. 
CieHuO  requires  C  =  8649  ;  H  =  6-30  per  cent. 

Hydrindene  phenyl  ketone  melts  at  about  107°.  It  is  readily 
soluble  in  hot  alcohol,  acetic  acid,  benzene,  carbon  bisulphide-,  and 

s  2 
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chloroform,  less  soluble  in  ether,  sparingly  soluble  in  cold  methylic 
alcohol.  It  crystallises  from  methylic  alcohol  in  almost  colourless, 
fluffy  masses  consisting  of  microscopic  needles  ;  when  heated  in  small 
quantities  in  a  test  tube,  it  distils  with  only  slight  decomposition. 
Experiments  on  the  preparation  of  the  oxime  of  this  ketone  were  not 
attended  with  satisfactory  results,  as  the  oxime  is  not  easily  formed, 
and  the  product  is  also  very  difficult  to  purify.  Reduction  with 
sodium  and  alcohol  converts  the  ketone  into  an  uninviting  resinous 
substance,  from  which  small  quantities  only  of  a  crystalline  substance 
could  be  obtained. 

Preparation  of  Ifidene,  CeH^-^^pTT  ^CH,  froTn  Hydrinienecarhoxylic 

acid. 

In  the  course  of  their  investigation  of  coal  tar  oil,  Kramer  and 
Spilker  {Ber.,  23,  3276)  isolated  from  the  fraction  176—182°  an 
unsaturated  hydrocarbon,  CgHs,  which  they  showed  from  its  proper- 
ties, and  particularly  from  its  behaviour  on  oxidation,  to  be  iudene, 

PH 
C6H4<^pTT  ^CH,  and  this  hydrocarbon,  by  treatment  with  sodium 

riTT 
and  alcohol,  was  converted  into  hydrindene,  C6H3<^ptt''^CH2. 

In  the  course  of  our  experiments  on  hydrindene  and  indene  de- 
rivatives, we  have  endeavoured  to  obtain  the  former  hydrocarbon 
synthetically,  that  is,  by  the  removal  of  carbon  dioxide  from  hydrin- 
deiiecarboxylic  acid,  thus, 

C6H,<^{{>CH-C00H   =  CeH,<^]^>CH2  +  CO^. 

and  on  experimenting  on  the  action  of  heat  on  the  barium  salt  of 
hydrindenecarboxylic  acid,  both  alone  and  in  the  presence  of  sodium 
niethoxide,  we  obtained  considerable  quantities  of  a  hydrocarbon ; 
this,  however,  proved  to  be  indene  and  not  hydrindene,  loss  of 
hydrogen  having  taken  place  during  the  decomposition.  In  carrying 
out  these  experiments,  the  first  method  employed  was  that  recom- 
mended by  Mai  (Ber.,  22,  2133)  for  the  preparation  of  hydrocarbons 
of  high  molecular  weight  from  their  carboxylic  acids,  namely,  distil- 
lation of  a  mixture  of  the  barium  salt  of  the  acid  with  sodium 
methoxide  under  reduced  pressure.  Molecular  proportions  of  pure, 
dry  barium  hydrindenecarboxylate  and  of  sodium  methoxide  (dried 
at  200°  in  a  stream  of  hydrogen)  were  intimately  mixed  in  a  hot 
mortar,  and  then  transferred  to  a  retort,  which  was  connected  with 
a  water  condenser  and  receiver,  the  latter  being  attached  to  a  vacuum 
pumo.  On  carefully  heating  the  retort  with  a  bunsen  flame,  the 
mixture  soon  began  to  decompose,  with  evolution  of  dense  vapours 
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and  distillation  of  a  yellow  oil,  tlie  contents  of  the  refort  becomino- 
quite  black  and  intumescing  considerably,  especially  towards  the 
close  of  the  operation  (which  was  conducted  throughout  under  a 
pressure  of  100  mm.). 

The  oily  distillate  (from  28  grams  of  barium  salt),  about  10  grams, 
contained  some  drops  of  water;  it  was  dissolved  in  ether,  the 
ethereal  solution  di'ied  over  anhydrous  potassium  carbonate,  eva- 
porated, and  the  residual  oil  submitted  to  fractional  distillation. 
During  the  first  distillation,  7  grams  passed  over  between  176°  and 
185°  as  a  colourless  oil,  from  wliich,  on  repeated  fractionation  over 
sodium,  a  comparatively  large  proportion  was  very  easily  obtained, 
boiling  constantly  at  180*5 — 181°  (764  mm.).  It  gave  the  following 
numbers  on  analysis. 

0-1570  gave  0-5354  CO^  and  0-1005  H^O.      C  =  9301 ;   H  :=  7-11. 
CgHs  requires  C  =  93-10  ;  H  =  6-90  per  cent. 

The   formula   of    this   hydrocarbon   was,   therefore,    CgHsj    and   a 

PIT 
further  study  of  its  properties  proved  it  to  be  indene,  C6H4<^prT  ^CH, 

and  apparently  identical  with  the  substance  obtained  by  Kramer  and 
Spilker  from  coal  tar  (b.  p.  1795 — 1805°  corr.).  Thus  the  hydro- 
carbon obtained  by  us,  when  mixed  with  a  drop  of  concentrated 
sulphuric  acid,  was  converted  into  the  peculiar,  reddish- brown  resin 
described  by  Kramer  and  Spilker,  and  called  by  them  paraindene. 
When  mixed  with  picric  acid  in  benzene  solution,  a  beautiful, 
brilliant,  yellow  picrate  was  obtained,  very  similar  in  properties  to  the 
picrate  of  the  indene  obtained  from  coal  tar.  Lastly,  when  reduced 
by  sodium  and  alcohol,  our  hydrocarbon  was  converted  quantitatively 
into  a  hydrocarbon,  C9H10,  identical  with  the  hydrindene  obtained  by 
Kramer  and  Spilker  under  similar  conditions  from  coal  tar  indene. 

Some  time  after  completing  these  experiments,  and  in  the  hope  of 
obtaining  dihydrindene  ketone, 

C.H,<^g>CH-CO-CH<^^>C.H„ 

OH 
and  hydrindene  aldehyde,  CiHi<^f^^^'^Cii'COH.,  we  prepared  the 

barium  salt  of  hydrindenecarboxylic  acid,  and  carefully  studied  the 
action  of  heat  on  the  dry  salt  alone,  and  also  on  a  mixture  of  the  salt 
with  barium  formate.  On  distilling  the  barium  salt  alone,  under 
reduced  pressure  (100  mm.),  decomposition  took  place  very  readily, 
and  a  yellow  oil  passed  over,  which,  after  drying  in  ethereal  solution 
over  potassium  carbonate  and  fractionation,  yielded  an  oil  boiling  at 
175 — 185°;  a  very  small  quantity  of  an  oil  of  high  boiling  point  was 
also  obtained,  but  was  not  further  examined.  The  fraction  175 — 185°, 
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"when  twice  distilled  over  sodium,  passed  over  almost  entirely  at 
180 — 180"5°,  and  on  examination  and  analysis  was  fonnd  to  consist  of 
pure  indene.  Found  C  =  92'91 ;  H  =  710  per  cent.  Theory  for 
C9H, :  C  =  93-10 ;  H  =  6-90  per  cent. 

This  result  was  the  more  remarkable  in  view  of  the  fact  that  the 
hydrocarbon  was  produced  in  such  large  quantity,  the  amount  actu- 
ally obtained  being  only  slightly  below  that  from  the  distillation  of 
a  mixture  of  the  barium  salt  with  sodium  methoxide.  Similar  results 
were  obtained  on  distilling  a  mixture  of  the  barium  salt  with  barium 
formate.  The  oily  distillate  gave  no  trace  of  a  compound  with 
sodium  hydrogen  sulphite,  showing  that  no  aldehyde  had  been  pro- 
duced, and  on  fractionation  an  oil  was  obtained  which  had  all  the 
properties  of  iudene. 

Hydrindene,  CeS.i-K.pxr'^ CHj. 

The  redaction  of  indene  to  hydrindene  was  carried  out  in  the  fol- 
lowing way.  Pure  indene  was  dissolved  in  ethylic  alcohol,  and 
treated  as  rapidly  as  possible  with  three  times  the  calculated  quantity 
of  sodium,  and  the  product  mixed  with  water ;  the  milky  liquid 
was  then  extracted  three  times  with  ether,  the  ethereal  solution 
washed  with  water  until  free  from  alcohol,  dried  over  anhydrous 
potassium  carbonate,  and  evaporated.  After  fractioning  the  residual 
hydrocarbon  three  times  over  sodium,  a  colourless  oil  was  obtained 
"which  boiled  constantly  at  176 — 177°. 

0-1612  gave  0-5409  CO2  and  0  1249  H^O.     C  =  91-51 ;  H  =  8-61. 
C»Hio  requires  C  =  91'53;  H  =  8'47  per  cent. 

This  substance  is  identical  with  the  hydrindene  described  by 
Kramer  and  Spilker  {loc.  cit.,  p.  3281),  which  boils  at  176 — 176-5° 
(corr.).  It  differs  very  markedly  from  indene  in  that  it  gives  no 
resinous  substance  when  treated  with  concentrated  sulphuric  acid, 
the  hydrocarbon  remaining  apparently  unchanged  at  ordinary  tem- 
peratures ;  in  fact  Kramer  and  Spilker  purified  their  hydrindene  from 
indene  by  treatment  with  concentrated  sulphuric  acid  and  subsequent 
distillation  in  steam. 

Determination  of  the  Density ^  Magnetic  Rotation,  and  Hefractive  Power 
of  Goal  Tar  and  Synthetical  Indene  and  Hydrindene. 

Although  the  boiling  points  and  general  chemical  properties  of  the 
specimens  of  indene  and  hydrindene  obtained  from  hydriodene- 
carboxylic  acid  agree  well  with  those  of  the  hydrocarbons  isolated 
from  coal  tar  by  Kramer  and  Spilker,  it  was  thought  that  before 
deciding  as  to  the  identity  of  the  various  products,  it  would  be  well 
if  their  physical   properties  were  studied  side  by  side ;  and  we  are 
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mnch  indebted  to  Dr.  Spilker  for  supplying  us  with  several  samples 
of  his  purest  coal  tar  indene  and  hydrindene,  thus  enabling  a  direct 
comparison  to  be  made. 

The  determination  of  the  density,  magnetic  rotation,  and  refractive 
power  of  the  following  specimens  was  carried  out  by  W.  H.  Perkin, 
Sen.,  and  yielded  very  remarkable  results,  which  appear  to  show  that 
the  indene  from  coal  tar  is  not  identical  with  that  obtained  from  the 
barium  salt  of  hydrindenecarboxylic  acid,  although  the  hydrindenes 
obtained  from  these  substances  on  reduction  appear  to  be  identical. 

I.  Indene  from  barium  hydrindenecarboxylate  distilled  twice  over 
sodium.     B.  p.  181", 

Bendty  Determinations.— d  474°  =  1-0059;  d  10710°  =  1-0008; 
d  15715°  =  0-9970 ;  d  20720°  =  0-9934 ;  d  25°/25"  =  0-9906. 

Magn-etic  Rotation. 
t.  Sp.  rotation.  Mol.  rotation. 

15-3°  2-6573  16-200 

Refractive  Power. 
A.  C.  D.  F.  G.  H. 

ft 1-55680     1-57354     1-57980     1-59693     1-61219 

f^-^.     0-56551     0-57224    0-57849    0-59558     0-61080  — 

"-^p  65-599      66-380      67-105      69-086      70-853      72-573 

d 

II.  Indene  from  coal  tar. 

Specimen  (A)  was  distilled  twice  from  sodium,  which  removed  a 
quantity  of  a  black  substance.     B.  p.  179-5 — 180-5°. 

Bendty  Determinations— d  474°  =  1-0277;  d  10°/10°  =  1-0225; 
d  15°/15°  =  1-0187 ;  d  20°/20°  =  1-0152 ;  d  2b''l2b°  =  1-0221. 

Magnetic  Rotation. 

t.  Sp.  rotation.         Mol.  rotation. 

15-6°  2-4353  13352 

Refractive  Power. 
A.  C.  D.  F.  Or.  H. 

fi....      1-55818     1-56454     157107     158743     160220       — 

^~^.     0-64726    0-56349     0-65990    0-67549     0-59042       — 
d 

^~^p  63-482      64-205      64-948      66809      68-489  — 

The  density  of  indene  from  the  barium  salt  is  lower,  the  magnetic 
rotation  and  refractive  power  considerably  higher,  than  these  values 
of  coal  tar  indene. 


250  PERKIN  AND   REVAY  :   SYNTHESIS   OF   INDENE, 

Dr.  Spilker  suggested  that  these  discrepancies  might  be  due  to  the 
contamination  of  the  coal  tar  indene  with  some  hydrindene  produced 
when  the  hydrocarbon,  which  was  possibly  not  quite  dry,  was  dis- 
til'ed  over  sodium  ;  he  then,  very  kindly,  sent  another  sample  (B), 
which  was  fractioned  over  caustic  potash,  and  the  portion  boiling  at 
178 — 179°  was  examined. 

Density  Determinations.— d  474°  =  1-06001  ;  d  15715°  =  1-05086  ; 
d  25725°  =  1-04391. 

Magnetic  Rotation, 
t.  Sp.  rotation.  Mol.  rotation. 

16°  2-4357  14-946 

Both  these  series  of  numbers  are  higher  than  those  first  obtained 
with  Sample  A. 

This  sample  was  then  purified  by  conversion  into  the  picrate, 
according  to  Kramer  and  Spilker's  directions  ;  it  was  dehydrated  by 
distilling  over  potash,  and  the  fraction  178-5°  to  179-5"  examined. 

Density  Determinations.— d  4<°I4<°  =  1-0479;  d  10°/10°  =  1-0427; 
d  15715°  =  1-0387 ;  d  20720°  =  1-0350 ;  d  25725°  =  1-0319. 


Magnetic  Rotation. 

t. 
21-5'' 

Sp.  rotation. 
2-4481 

Mol.  rotation. 
15-255 

These  numbers  differ  slightly  from  those  obtained  before  conversion 
into  the  picrate,  the  density  being  lower  and  the  magnetic  rotation 
somewhat  higher. 

In  comparing  the  results  obtained  in  the  examination  of  the  indene 
prepared  from  the  barium  hydrindenecarboxylate  with  these  last 
numbers,  it  will  be  noticed  that  the  density  of  the  former  is  much 
lower  (0-0420  at  4")  than  that  of  the  latter,  while  the  magnetic 
rotation  is  much  higher  (0-945).  The  differences  are  so  large  that 
they  can  scarcely  be  due  to  slight  impurity,  and  it  appears  probable, 
therefore,  that  the  two  hydrocarbons  are  distinct,  and  represented 
possibly  by  the  formulae 

aH,<^5^>CH  and  C6H,<^^>CH,. 

It  would,  however,  be  very  difficult  to  decide  which  of  these  repre- 
sents coal  tar  indene  for  example. 

JSydiindene  (from  hydrindenecarboxylic  acid)  prepared  by  reducing 
with  sodium  and  alcohol  the  specimen  of  indene  used  in  the  deter- 
minations just  described,  was  fractioned  three  times  over  sodium. 
B.  p.  176-5—177-5°. 

Density  Determinations.— d  4°/4°  =  0-9732  ;  d  10°/10°  =  0-9681 ; 
d  15°/15°  =  0-9645;  cZ  20°/20°  =  0-9611 ;  d  25726°  =  0-9559. 
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Magnetic  Rotation. 

t-  Sp.  rotation.  Mol.  rotation. 

19-25°  2-0899  13-9u4 

Refractive  Power. 
A.  C.  D.  F.  (J.  H. 

fi....      1-52899     1-53394     153877     1-55114     1-56136       — 

0-54950    0-55474    055977    0-57261     0-58323       — 


^-l 


d 
d 


p  64-850       65-460      66-053      67-572      68-829        70-00 


Hydrindene  from  coal  tar,  distilled  three  times  over  sodium.     B.  p. 
176—176-5°. 

Density   Determinations.— d  474°  =  0-9655  ;    d  10710°  =  0-9606 ; 
d  15715"  =  0-9570;  i  20°/20°  =  0-9536;  d  25°/25"  =  0-9507. 

Magnetic  Rotation. 

t.  Sp.  rotation.  Mol.  rotation. 

15-95°  20465  13-971 

Refractive  Power. 

A.  c.  D.  r.  a. 

fi 1-52908     1-53431     1-53896     155105     156154 


-  1 

d 


^^--i....  0-55123  0-55669  0-56153  0-57412  058506 
d 


d 


64-046       65-689       66-261       67-747       69-039 


Althougli  the  two  sets  of  numbers  do  not  agree  as  well  as  could  be 
desired,  they  are  still  sufficiently  close  to  show  that  the  two  samples 
of  hydrindene,  obtained  by  such  different  methods,  are  in  all  prob- 
ability identical,  not  only  in  chemical,  but  also  in  physical,  properties. 

Action  of  Bromine  on  Hydrindene. 

When  hydrindenecarboxylic  acid  is  treated  with  bromine  in  chloro- 
form solution,  it  is  converted,  in  part  at  least,  into  indenecarboxylic 
acid,  with  loss  of  2  atoms  of  hydrogen  ;  and  it  appeared  interesting 
to  determine  whether  hydrindene  itself  under  similar  circumstances 
would  yield  indene.     Thus, 

C6H,<g^^>CH,  +  Br^  =  C,H,<^g  >CH  +  2HBr. 

11  grams  of  hydrindene  was  dissolved  in  30  grams  of  pare  dry 
chloroform,  and  16  grams  of  bromine,  dissolved  in  10  grams  of  chloro- 
form, added  from  a  dropping  funnel.    Hydrogen  bromide  was  evolved 
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in  abundance,  and  the  action  wag  so  energetic  that  it  was  necessary 
from  time  to  time  to  cool  the  mixture.  As  soon  as  the  action  was 
finished,  the  product  was  dissolved  in  ether,  washed  well  with  water 
and  dilute  sodium  carbonate  solution,  dried  over  calcium  chloride, 
and  the  ether  and  chloroform  distilled  off.  The  residue  was  then 
divided  into  two  parts,  one  of  which  (1)  was  distilled  under  reduced 
pressure,  and  the  other  (II)  under  ordinary  pressures. 

I.  On  fractioning  the  almost  colourless  oil  under  a  pressure  of 
50  mm.,  a  considerable  portion  distilled  between  115°  and  140°,  and 
the  temperature  then  rose  rapidly  to  175°,  the  greater  portion  distilling 
between  180°  and  185°,  a  little  hydrogen  bromide  being  given  off. 
The  colourless  product,  which  fumed  only  very  slightly,  gave  on 
analysis  numbers  agreeing  approximately  with  those  required  for 
dibromhydrindene. 

0-1505  gave  02241  CO2  and  0-0458  H^O.     C  =  4061 ;  H  =  3-38. 
0-2205     „     0-2951  AgBr.     Br  =  56-97. 
CgHgBrj  requires  C  =  39-13 ;  H  =  2-90;  Br  =  57-97  per  cent. 

The  dibromhydrindene  thus  produced  has  probably  the  constitution 

PTT  Rr 
C6H3Br<^pTT ^•CHa.     It  is  a  colourless  oil,  which,  when  distilled 

under  ordinary  pressures,  and  also  when  repeatedly  f  ractioned  under 
reduced  pressure,  is  decomposed  into  hydrogen  bromide  and  mono- 
bromindene  (see  below). 

C6H3Br<[:^^^>CH,  =  C6H3Br<^|^>CH  +  HBr. 

The  fraction  115 — 140°  (50  mm.)  which  contained  hydrogen  brom- 
ide, was  washed  with  water  and  carbonate  of  soda  solution,  and  dried 
over  calcium  chloride  ;  on  distillation,  the  greater  portion  came  over 
between  175°  and  182°,  consisting  apparently  of  a  mixture  of  much 
unchanged  hydrindene  with  some  indene.  The  presence  of  the  latter 
is  rendered  })robable  by  the  fact  that,  on  treatment  with  sulphuric 
acid,  this  fraction  gave  a  yellowish -red  amorphous  substance,  re- 
sembling indene  resin  in  all  respects. 

II.  The  second  portion  of  the  crude  product  of  the  action  of 
bromine  on  hydrindene  was  distilled  under  ordinary  pressure,  when 
a  considerable  quantity  passed  over  below  200°  ;  the  temperature  then 
rose  rapidly  to  230°,  between  which  and  250°  almost  the  whole  dis- 
tilled, abundance  of  hydrogen  bromide  being  evolved  during  the 
operation.  This  fraction  was  dissolved  in  ether,  washed  with  sodium 
carbonate,  dried,  the  ether  distilled  off,  and  the  oil  submitted  to 
repeated  fractionation.  In  this  way  a  colourless  oil  was  obtained, 
boiling  at  242 — 244°,  and  on  analysis  gave  the  following  results. 
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0-2208  gave  04418  COj  and  0-0810  H»0.     C  =  54-57;  H  =  407. 
0-2940    „     0-2770  AgBr.     Br  =  40  07. 
C9H7Br  requires  C  =  55  39  ;  H  =  358;  Br  =  4102  per  cent. 

This  substance  is,  therefore,  monobromindene,  and  its  constitution 

rig- 
must   be  represented  by  the  formula  C6H3Br<[pTT  ^CH,   because, 

■when  oxidised  with,  nitric  acid,  it  yields  a  monobromophthalic  acid. 

Oxidation  of  Monobromindene. — In  carrying  out  the  oxidation  of 
bromindene,  the  oil  was  mixed  with  about  20  times  its  volume  of 
ordinary  nitric  acid,  an  equal  balk  of  water  added,  and  the  whole 
gently  warmed.  As  soon  as  the  mixture  began  to  boil,  the  oil  became 
dark  coloured,  and  quantities  of  red  fumes  were  evolved.  After  boilino- 
for  three  hours,  with  the  occasional  addition  of  small  quantities  of 
strong  nitric  acid,  the  oil  had  disappeared,  and  a  yellow  solution  was 
obtained ;  this,  on  evaporation  on  a  water  bath,  deposited  a  viscid, 
gummy  residue,  which  became  quite  hard  when  cold.  This  was  dis- 
solved in  water,  the  solution  allowed  to  evaporate  over  sulphuric  acid 
in  a  vacuum,  and  the  crystalline  cake  which  formed,  after  being 
freed  from  oily  impurity  by  spreading  it  on  a  porous  plate,  was 
repeatedly  recrystallised  from  strong  nitric  acid,  and  from  fuming 
hydrobromic  acid.  In  this  way  a  colourless,  crystalline  mass  was  ob- 
tained, which  melted  at  161 — 162°,  and  decomposed  at  a  slightly  higher 
temperature  into  water  and  the  anhydride  mentioned  below.  The 
analysis  of  this  substance  showed  that  it  was  a  bromophthalic  acid. 

01805  gave  02587  CO^  and  00362  Hj-O.    C  =  3909  ;  H  =  2-22. 
0-2704     „     0-2081  AgBr.     Br  =  3280. 
CsHaBrCCOOH)^  requires  C  =  3918 ;  H  =  204;  Br  =  3266  p.c. 

The  anhydride  of  this  acid  was  prepared  by  heating  it  at  200°, 
nntil  all  evolution  of  gas  had  ceased,  and  then  repeatedly  recrys- 
tallising  the  residue  from  boiling  light  petroleum  (60 — 80°).  The 
beautiful  leafy  crystals  thus  obtained  melted  sharply  at  106",  and  gave 
the  following  numbers  on  analysis. 

0-1517  gave  01248  AgBr.     Br  =  35-01. 

CO 
C6H3Br<^p^>0  requires  Br  =  3524  per  cent. 

This  bromophthalic  acid  is  probably  identical  with  a-bromo- 
phthalic  acid  [COOH  :  COOH  :  Br  =  1:2:4]  obtained  by  Nourrisson 
(Ber.,  20,  1017)  by  the  oxidation  of  parabromorthotoluic  acid, 
C«H3BKCH3)-COOH,  [COOH  :  CH3 :  Br  =  1 :  2 : 4].  The  melting  point 
of  this  acid  is  168°,  and  it  gives  an  anhydride  melting  at  106 — 108°. 
It  is,  however,  also  possible  that  it  is  identical  with  orthobromophthalic 
acid,   [COOH:  COOH:  Br  =1:2:3],  mailing  at  156—158°,  which 
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Racine  (Annalev,  239,  76)  obtained  by  tbe  oxidation  of  orthobrom- 
orthotoluic  acid  [COOH  :  CH3  :  Br=l :  2  :  6],  and  the  anhydride  of 
which  melts  at  95°. 

In  any  case  the  formation  of  a  bromophthalic  acid  proves  that  the 
bromine  atom  in  bromindene  is  situated  in  the  benzene  ring. 

Chemical  Laboratory, 

The  Owens  College,  Manchester. 


XXVI. — Salts  of  Dehydracetic  acid. 
By  J.  Norman  Collie,  Ph.D.,  and  H.  R.  Le  Sueur,  B.Sc. 

Dehydracetic  acid,  which  is  formed  by  the  action  of  heat  on  ethylic 
acetoacetate,  is  a  substance  which  has  long  been  the  subject  of  investi- 
gation by  various  chemists.  Many  constitutional  formulas  have  been 
suggested  for  it,  but  none  of  them  account  satisfactorily  for  all  the 
remarkable  transformations  which  it  is  capable  of  undergoing.  It 
"was  at  one  time  thought  that  dehydracetic  acid  is  a  true  acid  con- 
taining the  carboxyl  group,  the  most  satisfactory  formula  of  this  type 
being  that  suggested  by  W.  H.  Perkin  (Trans.,  1887,  51,  489).  Two 
years  later,  Ostwald  pointed  out  that  probably  it  was  not  a  true  acid, 
because  of  its  abnormally  small  dissociation  constant. 

On  the  strength  of  Ostwald's  observation.  Feist  (^Annalen,  257, 
253)  criticised  all  the  existing  formulae,  and  brought  forward  the 
notion  that  dehydracetic  acid,  C8H8O4,  was  the  lactone  of  an  acid  of 
the  formula  CgHioOs,  and  by  the  help  of  this  lactone  formula  ex- 
plained most  of  the  reactions  of  dehydracetic  acid. 

One  of  us  a  few  months  later  proposed  another  formula  (Trans., 
1891,  59,  179),  which  differed  but  slightly  from  Feist's.  This 
formula,  how^ever,  rendered  one  or  two  reactions  capable  of  explanation 
which  could  not  be  accounted  for  by  the  use  of  Feist's.  It  also  was 
based  upon  the  assumption  that  dehydracetic  acid  is  a  lactone. 

0  0  o 

/\  /\.  •  /\ 

CHs-C     C-CHs  CHa-C    CO  CHg-CO-CHj-C    CO 

1 1     1 1  III  III 

HC     C-COOH  HC     CH-C0-CH3  HC     CHa 

\/  \/  \/ 

CO  CO  CO 

Perkin's  formula.  Feist's  forirula.  Collie's  formula. 

Since  that  time  a  considerable  amount  of  work  has  been  done  with 
this  substance,  but  the  correctness  of  either  of  the  lactone  formulae 
has  neither  been  proved  nor  disproved  ;  no  direct  evidence  on  the 
question  having  been  forthcoming.      Notwithstanding  the  mass  of 
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work  on  the  subject,  one  part  seemed  to  have  been  strangely  neg- 
lected :  the  "  salts  "  of  dehydracetio  acid  had  never  been  subjected  to 
a  proper  examination,  and  we  came  to  the  conclusion  that  there  was 
one  question  at  least  which  we  could  answer  by  the  analysis  of  these 
compounds,  namely,  as  to  whether  dehydracetic  acid  was  a  true  acid 
or  a  lactone.  Of  course  if  dehydracetic  acid  was  a  lactone,  CaHgOi, 
then  the  salts  would  have  the  general  formula  CsHgOsM'.  If  it  was 
a  true  acid,  then  the  salts  would  have  the  formula  C8H,04M'. 

On  looking  up  the  literature  on  the  subject,  very  little  help 
was  found.  The  sodium  salt,  C8H704Na,H20,  the  barium  salt, 
(C8H,04)2Ba,2H20,  the  zinc  salt,  (C8H704)2Zn,2H20,  looked  sus- 
piciously like  salts  where  water  of  constitution  had  been  written  as 
water  of  crystallisation  ;  whilst  the  silver  salt,  C8H704Ag,  seemed  to 
be  the  salt  of  a  true  acid,  C8H8O4.  Again,  the  inethylic  derivative 
had  the  formula  C8H704'CH3,  but,  as  Perkin  says  (Trans.,  1887,  51, 
497),  "In  experimenting  with  it  I  have  found  it  to  possess  the  most 
remarkable  properties."  It  is  very  soluble  in  water,  reddens  blue 
litmus  paper,  gives,  with  sodium  ethylate,  a  curious  pink  salt,  and  is 
precipitated  from  its  solutions  by  acids.  Here  again  the  evidence  is 
not  of  much  value,  as  the  abnormal  behaviour  of  the  substance  makes 
it  possible  that  it  is  a  methoxy-derivative  of  the  lactone,  and  not  a 
methylic  salt.  This  is  borne  out  by  the  analyses  Perkin  gives  of  this 
curious  pink  salt. 

Found.  Calculated  for 


r 


1.  II.  C8H6Na04CH3.       CgHaNaOs-CHg. 

Na 10-7        10  6  113  104 

We  therefore  subjected  the  salts  of  dehydracetic  acid  to  an  exhaustive 
examination. 

Dehydracetic  acid  is  a  very  feeble  acid,  and  the  simplest  manner 
in  which  the  salts  could  be  prepared  was  that  of  double  decomposition 
of  a  solution  of  the  metallic  salt  with  that  of  sodium  or  barium 
dehydracetate.  It  was  always  absolutely  necessary  to  have  the  solu- 
tions of  the  metallic  salts  free  from  acid,  otherwise  dehydracetic  acid 
was  at  once  precipitated.  On  this  account  we  were  unable  to  prepare 
any  mercurous  or  bismuth  salts,  but  have  exsimined  and  analysed 
most  of  the  other  metallic  derivatives  of  dehydracetic  acid,  as  well 
as  the  ethylic  derivative. 

The  Sodium  Salt  of  Dehydracetio  acid. — This  was  prepared  by  a 
variety  of  methods.  The  calculated  quantity  of  dehydracetic  acid 
was  added  to  an  equivalent  amount  of  pure  soda  dissolved  in  hot 
water.  Dehydracetic  acid  was  also  added  to  warm  solutions  of 
sodium  carbonate,  or  sodium  hydrate,  till  they  wera  neutral.  The 
dilute  solution  of  the  sodium  salt  can  be  concentrated  over  the  water 
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bath  without  decomposition,  and.  on  coolinpf,  becomes  a  mass  of  needle- 
shaped  crystals.  These  can  be  best  pnrified  by  recrystallisation  from 
alcohol.  It  is  colourless  in  the  hydrated  state,  but  when  it  has  been 
dried  at  a  temperature  of  135°  till  it  ceases  to  lose  weight,  it  is  of  a 
beautiful  lemon-yellow  colour. 

Several  analyses  were  made  with  the  following  results. 

0-300  lost  0-025  at  110°.     HjO  =  8-3. 

C8H905Na,H20  requires  H2O  =  7-9  per  cent. 

0-5904  salt  dried  at  110°  gave  0-2027  Na^SOi.     Na  =  ll'l. 
CgHgOoITa  requires  'Na,  =  ll-O  per  cent. 

Another  quantity  of  the  salt  was  heated  at  135°  till  it  ceased  to 
lose  weight ;  it  was  then  a  bright  lemon-yellow  colour. 

0  2885  at  135°  lost  0-0455.     H^O  =  15-8. 

C8H,04Na,2H20  requires  H.,0  =  15-9  per  cent. 

0-243  dried  salt  gave  0-0890  Na^SO*.     Ki  =  12-1. 
0-252     „       „      „      0-0935       „  N'a  =  12-0. 

C8H704Na  requires  Na  =  12-1  per  cent. 

Totussium  Salt. — This  salt  was  prepared  in  the  same  way  as  the 
sodium  salt.  Dehydracetic  acid  was  treated  with  dilute  caustic 
potash  till  the  solution  was  jnst  acid  to  litmus  paper,  and  the  solution 
thus  obtained  was  then  evaporated  over  the  water  bath.  When 
allowed  to  cool  after  being  sufficiently  concentrated,  it  set  to  a 
gelatinous  mass,  which  became  crystalline  on  standing.  These 
crystals  were  collected,  pressed,  recrystallised  from  alcohol,  and  dried 
on  a  porous  plate.  This  salt  is  much  more  sohible  in  water  and 
alcohol  than  the  sodium  salt,  and  only  crystallises  from  concentrated 
solutions. 

0-5818  lost  0-086  at  110°.     H2O  =  14-7. 

C8H704K,2H20  requires  H2O  =  14-8  per  cent. 

The  dried  salt  was  quite  yellow,  like  the  sodium  salt. 

0-139  dried  salt  gave  0-0585  K2SO4.     K  =  18-9. 
0-4943    „      „       „      01653  K2CO3.     K  =  18-9. 

C8H704K  requires  K  =  18-9  per  cent. 

Magnesium  Salt. — This  compound  was  prepared  by  adding  excess 
of  a  hot  solution  of  sodium  dehydracetate  to  a  hot  solution  of  mag- 
nesium sulphate.     It  separates  as  a  white,  crystalline  powder. 

1-2360  salt  dried  at  135°  lost  00292.     H2O  =  23. 

(C8H906)2Mg,^H20  requires  H2O  =  2*2  per  cent. 

0-2370  salt  gave  0-024  MgO.     Mg  =  59. 

(C8Hi04)2Mg,2H20  requires  H2O  =  5*8  per  cent. 
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The  salt,  which  had  been  dried  at  135°,  was  then  heated  more 
strongly,  in  order  to  see  whether  more  water  could  be  driven  off  at  a 
higher  temperature. 

0  525  dried  salt  lost  0'0505  at  145°  =  9-6. 

(C8H704)2Mg,2H.^O  requires  =  9-i  per  cent. 

Calcium  Salt. — This  was  prepared  by  adding  a  moderately  strong 
solution  of  the  sodium  salt  of  dehydracetic  acid  to  calcium  chloride 
solution.  Thus  prepared,  it  formed  a  crystalline  powder,  which  was 
recrystallised  from  boiling  water.  The  salt  was  allowed  to  dry  be- 
tween pieces  of  filter  paper. 

0-172  salt  air  dried  gave  0-061  CaSOi  =  10-0. 
0-181     „         „  „      0-0255  CaO  =  10-1. 

1-460     „   lost  00665  at  125"  =  4-5. 

These  results  did  not  agree  with  any  of  the  following. 

(C8H905)2Ca  requires  Ca  =  9-7  per  cent. 
(C«H,04)2Ca       „        Ca  =  107      „ 
(C8H704)2Ca,2H20  requires  HjO  =  8-8  per  cent. 

A  combustion  was  therefore  made  of  the  salt  which  had  been  re- 
crystallised  from  boiling  water,  with  the  following  results. 

0-1828  gave  0-3268  CO^  and  0-0705  HjO.     C  =  48-7  ;  H  =  4-2. 
(C8H704)2Ca,H20  requires  C  =  489  ;  H  =  4-1 ;  Ca  =  10-2  per  cent. 

The  water  of  crystallisation,  which  was  driven  off  at  125°.  wa3 
found  to  be  45  per  cent.  Calculated  for  (C8H704)2Ca,H20  =  45  per 
cent.  HjO. 

The  salt  which  had  been  dried  at  125°  was  also  analysed. 

0-306  gave  0109  CaSOi.     Ca  =  10-5. 
0-145     „     0-0522  CaSOi.     Ca  =  10-6. 

(C8H704)2Ca  requires  Ca  =  10-7  per  cent. 

Another  specimen  of  the  calcium  salt  was  prepared  by  precipitating 
a  cold  solution  of  calcium  chloride  with  sodium  dehydracetate.  This 
was  washed  and  dried. 

0  543  gave  0075  CaO.     Ca  =  9-8. 
1-0205  lost  0-0935  at  125°.     H^O  =  9-1. 

(C8H,04)2Ca,2H20  requires  Ca  =  97 ;  H,0  =  8  8  per  cent. 

Barium  Salt. — This  salt  had  been  analysed  some  time  since  by  one 
of  us  (Trans.,  1891,  59,  620).  Dried  at  110°,  it  gave  265  per  cent, 
and  272  per  cent.  Ba.  As  these  numbers  agreed  with  those  required 
by  a  true  salt  of  tetracetic  acid,  (C8H908)2Ba  requires  Ba  =  268  per 
cent.,  it  was  not  further  investigated.  But  after  we  had  found  that 
it  was  necessary  often  to  heat  the  salts  of  dehydracetic  acid  to  a  tem- 
perature as  high  as  140°  before  they  ceased  to  lose  weight,  we  again 
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prepared  some  of  this  salt  by  neutralising  a  warm  solution  of  barium 
hydrate  with  dehydracetic  acid. 

0-9095  lost  0-060  at  130°.     H^O  =  6  6. 

(C8H704)2Ba,2H20  requires  HjO  =  71  per  cent. 

0-300  dried  salt  gave  0-1485  BaS04.     Ba  =  29-1. 

(C8H704)2Ba  requires  Ba  =  29-1  per  cent. 

Zhic  Salt. — We  prepared  this  salt  by  adding  sodium  dehydracetate 
to  a  neutral  solution  of  zinc  sulphate,  and  were  extremely  surprised 
to  find  that  the  precipitate  was  of  a  bright  pink  colour.  At  first  we 
were  quite  unable  to  account  for  this  curious  fact,  but  at  last  dis- 
covered that  it  was  due  to  minute  traces  of  ferrous  sulphate,  which 
were  present  in  every  specimen  of  so-called  pure  zinc  sulphate. 

The  zinc  dehydracetate  was  only  obtained  in  a  pure  condition  and 
quite  white  by  precipitating  a  solution  of  zinc  sulphate  with  successive 
small  quantities  of  sodium  dehydracetate.  The  first  portions  of  the 
precipitated  zinc  salt  cari'ied  down  most  of  the  iron,  and  the  fourth 
batch  of  crystals  was  colourless. 

1-471  lost  0-1335  at  135°.     H^O  =  9  0. 

(C8H704)2Zn,2H20  requires  H^O  =  9-2  per  cent. 

0-1785  gave  0-0360  ZnO.     Zn  =  16-2. 
0-1810     „     0-0355  ZnO.     Zn  =  16-0. 

(C8H704)2Zn  requires  Zn  =  16-2  per  cent. 

Cadmium  Salt. — When  a  hot  solution  of  sodium  dehydracetate  is 
added  to  a  moderately  concentrated  solution  of  cadmium  sulphate,  no 
precipitation  occurs  till  the  solution  is  cooled.  Cadmium  dehydr- 
acetate then  separates  as  a  white,  crystalline  powder.  It  was  recrystal- 
lised  twice  from  hot  water  and  analysed  after  drying  between  filter 
paper.  -v 

0-4730  gave  0-1435  CdS.     Cd  =  23-2. 

2-163  lost  01655  at  130°.     H2O  =  7-6. 
(C8H704)2Cd,2H20  requires  Cd  =  23-2 ;  H2O  =  7*5  per  cent. 

The  dried  salt  is  bright  yellow ;  it  was  also  analysed.  As  it  was 
one  of  the  salts  first  examined,  it  was  thought  worth  while  to  make  a 
determination  of  carbon  and  hydrogen,  as  well  as  of  cadmium. 

(1.)  0-7155  gave  0-2310  CdS.     Cd  =  25*1. 

(2.)  0-3465    „     0-542  CO2  and  0*1005  H2O.     C  =  426 ;  H  =  3-3. 

(C8H,04)Cd  requires  C  =  43-0;  H  =  3-1;  Cd  =  25-1  per  cent. 

Cobalt  Salt. — This  was  prepared  by  adding  a  strong  boiling  solution 
of  neutral  cobalt  nitrate  to  a  strong,  warm  solution  of  sodium  dehydr- 
acetate. A  pink,  crystalline  precipitate  separates  at  once.  Excess  of 
cobalt  nitrate  was  used.  The  salt  was  washed  and  dried  between 
filter  paper. 
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0-9035  lost  0-019  at  130°.     H^O  =  21. 

(C8H,02)2Co,2|H20  requires  HjO  =  2-0  per  cent. 

0-1900  gave  00695  C0SO4.     Co  =  13-8. 

(C8H704)2Co,2H20  requires  Co  =  13-7  per  cent. 

This  salt,  which  had  been  dried  at  130°,  was  then  heated  for 
several  hours  at  140 — 145°,  till  it  ceased  losing  weight. 

0-6935  lost  0-056  at  145°.     H^O  =  8-0. 

(C8H,04)2Co,2H20  requires  H^O  =  8-3  per  cent. 

Manganese  Salt. — Sodium  dehydracetate  solution,  when  added  to  a 
solution  of  manganese  sulphate,  gives  a  crystalline  precipitate,  which 
is  bright  yellow.  After  our  experience  with  the  zinc  salt,  we  at  first 
concluded  that  the  colour  of  the  manganese  salt  was  due  to  some 
impurity,  but  as  we  were  quite  unable  to  modify  it  by  any  method 
of  manufacture  or  purification,  we  believe  that  manganous  dehydr- 
acetate is  of  a  lemon-yellow  colour.     The  salt  was  air  dried. 

0-2-287  gave  0-041  MuaO,.     Mn  =  12-9. 
0-2589     „     0-0463  MnjO,.     Mn  =  12-9. 

(C8H704)2Mn,2H20  requires  Mn  =  129  per  cent. 

When  the  salt  is  heated,  it  slowly  loses  water,  and  cannot  be 
thoroughly  dehydrated  before  decomposition  sets  in  and  the  salt 
becomes  brown. 

1-1845  gram  salt  heated  at  115°  for  four  hours  loses  only  1  percent, 
water ;  at  130 — 140°  for  three  hours,  it  loses  5-4  per  cent,  water  ; 
and  on  further  heating  at  145°,  it  begins   to  decompose,  and 
loses  10-4  per  cent.  H2O. 
Calculated  for  (C8H704)2Mn,2H20  =  85  per  cent.  H^O. 

Copper  Salt. — Several  methods  were  employed  in  the  preparation 
of  this  compound,  as  it  was  found  that,  owing  probably  to  the  form- 
ation of  a  basic  salt,  the  percentage  of  copper  varied  considerably  in 
different  samples.  If  it  is  prepared  by  adding  a  cold  solution  of 
sodium  dehydracetate  to  a  cold  solution  of  copper  acetate,  the  salt 
comes  down  as  a  blue  precipitate.  If,  however,  hot  solutions  are 
used  instead,  then  the  copper  salt  at  once  separates  in  a  crystalline 
state,  and  is  of  a  purplish-lilac  colour.  The  blue  compound,  when 
kept  or  dried,  also  becomes  of  a  light  purple. 

1.  Excess  of  sodium  dehydracetate  used.     0"1615  gram  salt  gave 

0035  CuS.     Cu  =  17-3  per  cent. 

2.  Molecular   proportions    of    sodium   salt  and   copper  sulphate. 

0270  gram  salt  gave  00565  CujS.     Cu  =  16-6  per  cent. 

3.  Prepared  in  the  same  way  as  2.  0*2235  gram  salt  gave  00475  Cu-.S. 

Cu  =  169  per  cent. 

VOL.  LXV.  I 
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4.  Excess  of  copper  acetate  used  in  the  cold.      02210  gram  gave 

0-0485  CujS.     Ca  =  17-5  per  cent. 

5.  Prepared  in  the  same  way  as  4,  but  boiled  for  an  hour.  02075  gram 

salt  gave  0"0465  CuaS.     Ca  =  17*1  per  cent. 

6.  Prepared  with  slight  excess  of  copper  acetate.     0'139  gram  salt 

gave  0'028  CugS.     Ca  =  16'1  per  cent. 

ISTos.  1,  3,  4,  5,  6  were  dried  over  sulphuric  acid.  'No.  2  was  dried 
at  100". 

Some  of  specimens  2  and  6  were  burnt. 

2.  0-2298  gave  0-401  CO^  and  0-079  H2O. 
6.  0-230      „     0-4097       „       0-0745    „ 

Calculated  for  Found. 

(C^iTaO^s-HaO.        (C8H;04)2cii.  I.  n. 

C 44-3  48-3  47-6        484 

H 4-4  3-5  3-8  3-6 

Cu..'. 14-66  15-9  16-6        16-1 

The  copper  salt,  when  heated,  is  very  slightly  volatile,  and  the  dis- 
tillate contains  a  considerable  quantity  of  dehydracetic  acid. 

Silver  Salt. — A  solution  of  sodium  dehydracetate  was  added  to  a 
strong  solution  of  silver  nitrate.  The  crystalline  precipitate  was 
collected  on  a  filter,  and  washed  with  a  small  quantity  of  water,  as  it  is 
soluble  in  water  to  a  considerable  extent ;  it  was  then  recrystallised 
irom  boiling  water.  It  consists  of  long,  silky  needles.  It  was  dried 
at  100°  and  analysed. 

0-6295  gave  0-232  Ag.     Ag  =  368. 

Calculated  for  (CgHvOOAg.H^O.    Ag  =  36-8  per  cent. 
(C8H,04)Ag.  Ag  =  39-3        „ 

.  If,  however,  the  silver  salt  be  kept  at   a  temperature   of  110°  for 
several  hours  till  it  ceases  to  lose  weightj 

0-370  gave  0-145  Ag.     Ag  =  39-2. 

When  heated  to  120°,  it  begins  to  decompose,  and  yields  a  very  con- 
siderable amount  of  dehydracetic  acid.  In  one  experiment,  2  grams 
of  pure  silver  salt  were  heated  in  an  oil  bath,  and  0-4  gram  of  dehydr- 
acetic acid  distilled.  This  shows  that  about  half  of  the  silver  salt 
had  been  decomposed  so  as  to  yield  dehydracetic  acid. 

Lead  Salt. — Hot  solutions  of  sodium  dehydracetate  and  neutral 
lead  acetate  were  mixed.  •  The  precipitated  salt  was  washed  several 
times  with  water,  and  then  dried  over  sulphuric  acid. 

0-156  recrystallised  salt  gave  0870  PbSOi.     Pb  =  38-1. 
0160  „  „       „     0-091       „  Pb  =  38-8. 

Calculated  for  (C8H904)2Pb,2H20.    Pb  =  35-8  per  cent. 
(CsH^Ot),Fh.  Pb  =  38-3        „ 
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The  remainder  of  the  lead  salt  was  heated  at  125°  for  several 
hours,  but  did  not  lose  weight. 

Ot"  the  other  salts  of  dchydracetie  acid,  the  mercury  salt  was  pre- 
cipitated from  a  solution  of  mercuric  chloride  by  sodium  dehydr- 
acetate.  The  salt,  however,  seemed  to  be  highly  basic.  In  one  case, 
from  a  boiling  solution,  a  salt  was  obtained  which,  when  dried  at 
100°,  contained  72*7  per  cent.  Hg.  (C9H805)2Hg,5HgO  requires  Hg  = 
72" 7  per  cent.,  whilst  from  the  mother  liquors  another  salt  separated 
on  standing,  which  contained  599  per  cent.  Hg.  (C8H905)2Hg,2HgO 
requires  Hg  =  598  per  cent. 

The  feri'ous  salt  is  an  insoluble,  brilliant,  chocolate-red  substance, 
whilst  the  ferric  salt  is  of  a  bright  orange  colour,  and  is  also  insoluble 
in  water. 

The  Etliylic  Salt  of  Dehydr acetic  acid. — The  silver  salt,  when  quite 
dry,  is  readily  acted  on  by  ethylic  iodide.  After  boiling  with  excess 
of  the  iodide  for  two  hours,  the  action  is  complete.  The  iodide  is 
then  distilled  off,  and  the  residue  extracted  with  alcohol.  On  evapor- 
ating the  alcohol,  crystals  remained,  which  were  recrystallised  from  a 
mixture  of  ether  and  light  petroleum. 

0-457  gave  1'024  CO2  and  02545  H^O.     C  =  61-1 ;  H  =  62. 
0-269     „     0-5975,,      „    0-149       „        C  =  60-6;  H  =  6-1. 
C8H704*C2H5  requires  C  =  61-2 ;  H  =  6*1  per  cent. 

The  ethylic  derivative  of  dehydracetic  acid  forms  small,  needle- 
shaped  crystals ;  it  is  very  soluble  in  water  and  alcohol.  When 
heated,  it  melts  at  93 — 94°,  and,  on  further  heating,  decomposes  com- 
pletely. The  aqueous  solution  has  a  decidedly  acid  action  on  litmus 
paper. 

The    problem,   therefore,    which   we   set  ourselves   has   not    been 
answered    as    easily  as  we  had   at    first  anticipated.     All  the  salts, 
with  the  exception   of  the  copper  salt    and    the   ethylic  derivative 
contain  water  which  is  driven  off  on  heating  at  145°,  leaving  deriva- 
tives of  the  general  formula  (C8H704)M'.     But  whether  this  is  water 
of  crystallisation  or  water  of  constitution  is  very  hard  to  say,  as  the 
result  can  be  explained  either  on  the  assumption  that  dehydracetic 
acid  is  a  true  acid,  or  that  it  is  a  lactone. 
O 
/\ 
CHs-CO-CHjC     CO  CH8-C0-CHi-C0-CH,-C0-CH,-C00Na 

HC     CH, 

\/ 

CO 

Lactone  of  tetracetic  acid.  Sodium  salt  of  tetracetic  acid. 

Or  taking  Perkin's  formula  for  dehydracetic  acid,  which  shows  it  to 
be  a  true  apid  containing  a  carboxyl  group, 

T  2 
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O  0 

CHs-C     C-CHa  CHa-C     C-CHa 

HC     C-COOH  HC     C'COON^a,H,0 

\/  \/ 

CO  CO 

Dehydracetic  acid.  Sodium  salt  of  dehydracetic  acid. 

On  heating  tlie  sodium  salt  of  tetracetic  acid,  1  mol.  of  water 
would  be  eliminated  as  water  of  constitution,  leaving  a  derivative  of 
dimethylpyrone. 

0 

/\ 
CHs-C     C-CH^-COONa 
II     II 
HC     CH 

\/ 
CO 

Dried  sodium  salt  (C8H704Wa). 

This  explanation,  however,  does  not  seem  probable,  even  although 
the  amount  of  water  present  in  almost  every  salt  we  analysed 
was  just  sufficient  to  account  for  the  difference  between  a  salt  of 
tetracetic  acid,  CsHioOg,  and  of  dehydracetic  acid,  C8H8O4. 

One  of  us  is  now  engaged  in  further  experiments  which  may  prob- 
ably throw  some  new  light  on  this  interesting  problem. 

University  College, 
London. 


XXVII. — A  New  Method  of  producing    Carbon  Tetra- 

bromide. 
By  J.  NoRMAK  Collie,  Ph.D.,  University  College,  London. 

Some  time  ago,  while  wox'king  with  a  yellow  naphthalene  compound 
which  I  obtained  from  dehydracetic  acid  (Trans.,  1893,  63,  329), 
I  tried  the  action  of  oxidising  agents  on  it,  in  order,  if  possible,  to 
convert  it  into  a  naphthaquinone.  The  compound  being  very  stable 
and  not  giving  any  very  characteristic  results  with  the  ordinary 
oxidising  agents,  I  heated  a  small  quantity  of  it  in  a  test  tube  with 
sodium  hypobromite  solution.  At  once  I  noticed  a  pleasant  odour, 
and  found  that  a  small,  white,  crystalline  sublimate  had  formed 
near  the  top  of  the  tube.  On  repeating  the  experiment  with  larger 
quantities,  I  obtained  more  of  these  crystals,  which  were  easily 
volatile  with  steam. 

,  10  grams  of  the  naphthalene  compound  were,  therefore,  treated 
with  a  large  excess  of  strong  soda  solution,  and  160  grams  of  bromine 
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■were  carefullj  added  through  a  tap  funnel.  The  solution  turned 
dark  brown  at  first,  and  an  insoluble  compound  was  precipi- 
tated ;  this,  however,  soon  dissolved,  and  after  all  the  bromine 
had  been  added,  the  solution  became  light  yellow ;  on  distillino-, 
2 — 3  grams  of  the  volatile  bromine  compound  passed  over  with  the 
steam.  This  was  redistilled  with  steam,  collected,  and  dried  rapidly 
between  filter  paper.  It  consisted  of  small,  white  crystals  with  a 
very  characteristic,  sweet,  and  rather  pleasant  smell ;  it  melted  at 
91 — 92°,  and  boiled  without  decomposing  at  193 — 194°.  It  was  very 
volatile,  and  if  left  for  a  short  time  on  a  watch  glass,  completely 
evaporated. 

A  determination  of  both  bromine  and  also  carbon  was  made. 

0-400  gave  0049  C02.    C  =  4'5. 
0247    „      0-5625  AgBr.     Br  ==  96'9. 

CBri  requires  C  =  4*5  ;  Br  =  96'4  per  cent. 

As  tetrabromide  of  carbon  melts  at  925  and  boils  at  193-5,  there 
was  no  doubt  that  the  volatile  bromine  derivative  Was  carbon  tetra- 
bromide. On  looking  up  the  literature  on  the  formation  of  tetra- 
bromide of  carbon,  I  could  find  no  mention  of  carbon  tetrabromide 
being  formed  by  the  direct  action  of  hypobromite  of  sodium  on  carbon 
compounds,  although  Habermann  (Ber.,  6,  124)  mentions  that  if 
bromoform  is  left  in  sunlight  with  potassium  hydrate  and  bromine 
during  several  days,  tetrabromide  of  carbon  is  formed. 

After  I  had  obtained  the  tetrabromide  of  carbon  from  the  naphtha- 
lene derivative  with  such  ease,  I  at  first  thought  that  possibly  it 
might  be  the  two  central  carbon  atoms  in  the  formula  of  naphthalene 
which,  being  free  from  hydrogen,  had  taken  up  four  atoms  of 
bromine  apiece. 

Other  naphthalene  compounds  were,  therefore,  treated  in  the  same 
way.  a-  and  y3-naphthol  gave  the  bromide  at  once.  And  I  may 
mention  here  that  it  is  a  very  simple  experiment  and  easily  carried 
oat.  A  small  quantity  of  the  substance  to  be  experimented  on  is 
placed  in  a  test  tube  and  about  6 — 10  c.c.  of  strong  solution  of 
sodium  hypobromite  added.  The  test  tube  is  warmed  till  the  con- 
tents are  just  boiling  and  the  thumb  is  placed  over  the  mouth  of  the 
test  tube  whilst  it  is  cooled  under  the  tap.  On  the  upper  end  of  the 
tube  minute  crystals  of  the  tetrabromide  of  carbon  can  be  seen.  In 
order  to  be  sure  that  it  was  only  naphthalene  compounds  that 
yielded  this  compound,  of  course  I  had  to  try  others  as  well.  Benzene 
and  anthracene  derivatives  gave  the  bromide  as  well  as  the  naphthalene 
compounds,  and  the  phenols  gave  particularly  large  quantities.  Next 
I  tried  derivatives  of  the  paraffin  hydrocarbons  and  unsatui^ated 
compounds.  Whenever  there  was  any  chance  of  action  occuiTing,  in- 
variably tetrabromide  of  carbon  was  produced. 
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To  give  a  short  list  of  the  substances  experimented  on  wliich 
yielded  carbon  tetrabromide,  they  are  as  follows : — alcohol,  acetone, 
glycol,  glycerol,  mannitol,  the  sugars,  malic  acid  (freely),  citric 
acid,  and  apparently  all  unsaturated  acids,  oxypyridine  derivatives, 
and  all  the  alkaloids  that  were  experimented  with,  many  benzene 
derivatives,  especially  the  phenols,  naphthalene  and  anthracene 
derivatives,  starches,  wood,  cellulose,  &c. 

The  action,  therefore,  seems  to  be  a  general  one  and  of  some 
interest. 

The  yield,  however,  is  not  good.  In  one  experiment  with  alcohol, 
2  grams  of  alcohol  were  treated  with  excess  of  sodium  hypobromite, 
and  gave  on  warming  only  0'25  gram  of  the  bromide.  Phenol.s, 
especially  carbolic  acid  and  orcinol,  give  relatively  laige  quantities, 
and  may  be  used  for  its  preparation. 

The  mechanism  of  the  action  is  probably  complex,  after  bromine 
is  added  oxidation  takes  place,  and  the  molecule  completely  breaks 
down.  Then  the  excess  of  soda  probably  liberates  bromoform,  which 
is  farther  attacked  by  the  excess  of  hypobromite  present. 

I  satisfied  myself  that  bromoform  is  converted  into  tetrabromide 
of  carbon  by  sodium  hypobromite  by  warming  bromine,  bromoform, 
and  caustic  soda  together ;  the  action  occurs  slowly  owing  to  the 
insolubility  of  the  bromoform,  but  after  about  half  an  hour  a  gram 
of  bromoform  used  had  been  completely  converted  into  the  solid 
tetrabromide  of  carbon. 

I  may  mention  that  the  bromine  used  in  these  experiments  was 
prepared  from  fused  bromide  of  sodium  by  the  action  of  sulphuric 
acid  and  black  oxide  of  manganese,  and  further  purified  by  distilla- 
tion from  strong  sulphuric  acid ;  it  could  not,  therefore,  contain 
bromide  of  carbon  as  an  imparity. 

^N'OTE. — Since  the  above  was  written,  I  have  found  that  Wallach 
(Annalen,  275,  147)  had  already  noticed  this  method  for  producing 
carbon  tetrabromide.  He  does  not,  however,  seem  to  quite  recognise 
that  carbon  tetrabromide  can  be  prepared  from  such  widely  different 
substances  as  quinine,  phenol,  and  cellulose. — J.N.C. 


XXVIII. — Metallic  Derivatives  of  Acetylene.     I.    Mer- 
curic Acetylide. 
By  R.  T.  Plimpton,  Ph.D.,  and  M.  W.  Travers,  B.Sc. 

In  a  preliminary  notice  by  one  of  us  (Plimpton,  Proc,  1892,  109),  an 
account  was  given  of  certain  silver  and  mercury  derivatives  of  acetyl- 
ene.    These  and  other  similar  compounds  have  now  been  more  fully 
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studied,  and  in  this  paper  we  give  the  results  of  the  investigation  of 
the  mercuric  acetylide  formed  in  alkaline  solutions. 

Berth elot  (Ann.  Ghim.  Phys.,  [4],  9,  386)  obtained  an  explosive 
mercuric  acetylide  by  the  action  of  acetylene  on  a  solution  of  mer- 
curic iodide  in  potassium  iodide  made  alkaline  with,  ammonia ;  this 
he  regarded  as  being  similar  in  constitution  to  the  copper  and  silver 
compounds,  and  accordingly  named  it  oxide  of  mercuracetyl.  He 
does  not  seem,  however,  to  have  made  an  analysis  of  the  subtance. 

Bassett  (Chem.  News,  19,  28),  by  passing  acetylene  through 
Nessler's  solution,  obtained  a  pale  yellow,  slightly  explosive  product 
containing  iodine,  to  which  he  gave  the  formula  CaHHgljHgO. 

Towards  the  end  of  1892,  in  the  course  of  our  study  of  the  metallic 
derivatives  of  acetylene,  we  were  able  to  prepare  Berthelot's  explo- 
sive compound  in  a  pure  state  by  various  methods,  and  to  examine  it 
with  some  completeness.  We  delayed  the  publication  of  the  results 
of  our  investigation,  however,  while  experiments  were  in  progress 
with  regard  to  its  possible  technical  value. 

The  preliminary  notice  on  the  silver  and  mercury  compounds, 
published  in  the  Proceedings  and  already  referred  to,  was  occasioned 
by  the  appearance  of  Dr.  E.  H.  Keiser's  paper  on  the  silver  and 
copper  derivatives  (Atner.  Chem.  J.,  14,  285),  and  it  was  stated  that 
the  examination  of  the  mercuric  and  other  metallic  derivatives  would 
be  continued. 

Keiser  appears  to  have  overlooked  this  preliminary  communication, 
and  has  recently,  in  the  November  number  of  the  same  journal, 
published  the  results  of  some  work  on  the  mercury  acetylide?;. 
As  our  results,  which  were  completed  before  the  appearance  of  his 
paper,  do  not  in  some  respects  agree  with  those  of  Dr.  Keiser,  and  as 
we  have  made  a  somewhat  more  extended  study  of  those  substances, 
we  desire  to  lay  an  account  of  our  work  before  the  Society. 

Mercuric  Acetylide. 

"We  have  been  able  to  prepare  this  substance  in  a  pure  state  in 
several  ways.  By  subjecting  freshly  precipitated  mercuric  oxide, 
suspended  in  water,  to  the  action  of  acetylene,  it  is  slowly  converted 
into  a  white,  explosive  powder ;  several  days  are,  however,  required 
for  complete  conversion  of  the  dxide.  In  this  respect,  acetylene  has 
an  action  similar  to  that  of  allylene,  which,  according  to  Kutscherotf", 
acts  on  mercuric  oxide  forming  the  compound  (C3H3)2Hg. 

Ammoniacal  solutions  of  mercuric  salts  are  only  partially  precipi- 
tated by  acetylene,  the  product  consisting  of  explosive  mercuric 
acetylide  in  a  state  of  purity.  From  mercuric  cyanide  mixed  with 
ammonia  only  about  one-third  of  the  mercury  is  precipitated,  the 
ammonium   cyanide   formed  tending   to   redissolve  the    precipitj\te. 
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The  same  incomplete  precipitation  is  observed  in  the  case  of  the 
sulphate  and  acetate. 

When,  however,  such  mixtures  as  mercuric  cyanide  with  copper 
sulphate  and  ammonia,  or  mercuric  sulphate  with  zinc  chloride  and 
ammonia,  are  used,  the  whole  of  the  mercury  is  thrown  down  as 
acetylide.  The  precise  action  of  the  salts  added  has  not  been  fully 
ascertained,  but  it  seems  probable  that  in  the  decomposition  of  mer- 
curic cyanide  the  cuprammonium  sulphate  serves  to  dispose  of  the 
hydrogen  cyanide  which  is  set  free  and  prevent  the  formation  of 
alkaline  cyanide.  A  sparingly  soluble  ammonium  copper  cyanide 
separates  in  small,  blue  crystals  on  standing. 

The  best  method  of  preparing  the  compound  is  as  follows : — 
Freshly  precipitated  mercuric  oxide  is  dissolved  in  strong  ammonia, 
adding  powdered  ammonium  carbonate  ;  at  first  the  oxide  was 
treated  with  ammonia  to  convert  it  into  the  white  amido-compound, 
and  this  was  then  dissolved  in  solution  of  ammonium  carbonate,  but 
it  was  subsequently  found  that  the  two  processes  might  be  combined 
in  one  operation.  The  filtered  solution  is  moderately  diluted  and 
saturated  with  acetylene,  preferably  in  a  bottle  fitted  with  a  cork  and 
glass  stopcock  and  previously  exhausted.  The  absorption  takes  place 
rapidly  on  shaking,  fresh  acetylene  being  admitted  from  time  to  time 
until  precipitation  is  complete.  The  acetylide  separates  as  a  heavy, 
white  powder,  which  is  washed  by  decantation,  and  finally  on  a  filter 
until  free  from  ammonia.  It  may  be  kept  an  indefinite  time  under 
water  without  changing,  and  on  account  of  its  highly  explosive 
character  is  conveniently  stored  in  this  condition. 

The  preparations  used  for  analysis  were  made  in  the  above  way, 
and  dried  at  first  over  oil  of  vitriol,  and  finally  in  the  air  bath  at  100° 
until  of  constant  weight.  Pure  mercuric  acetylide  at  this  tempera- 
ture remains  white,  and  shows  no  sign  of  decomposition.  Analysis  of 
three  preparations  gave  the  following  results. 

0-204  gave  0-2065  HgS.     Hg  =  87-3. 

Hg  =  87-1. 
Hg  =  86-8. 
Hg  =  87-2. 
C  :=  10-1. 
..        C  =  10-3. 
C^Hg  requires  Hg  =  89-3 ;  C  =  10-7. 
SC,Ilg,B.,0  requires  Hg  =  87 ;  C  =  10-4. 
2C2Hg,H20  requires  Hg  =  85-8  ;  C  =  10-3  per  cent. 

The  determinations  of  mercury  were  made  by  warming  the  sub- 
stance with  excess  of  ammonium  sulphide,  which  easily  decomposes 
it,  collecting  the  mercuric  sulphide  on  a  Gooch  filter,  and  extracting 
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with  alcohol  and  chloroform.  The  filtrate  was  free  from  mercury. 
No  difficulty  was  experienced  in  burning  the  substance  when  well 
mixed  with  sufficient  powdered  copper  oxide  ;  on  exploding  it  in  a 
vacuum,  gas  was  not  given  off. 

Dr.  Reiser's  analyses  of  mercuric  acetylide,  obtained  from  mercuric 
iodide  dissolved  in  potassium  iodide  solution  mixed  with  potash,  gave 
88"94,  88"42,  and  89'14  per  cent,  of  mercnry,  and  he  accordingly 
regards  the  acetylide  as  free  from  water  (calculated  for  CzHg,  89'3). 
We,  however,  have  not  been  able  to  obtain  the  substance  free  from 
water,  even  by  drying  it  daring  many  hours  at  100°.  Drying  at 
a  higher  temperature  is  impracticable,  as  the  substance  decomposes 
at  about  110°.  In  the  case  of  silver  acetylide,  the  analyses  of  pre- 
parations from  ammoniacal  silver  nitrate  and  from  silver  acetate 
always  showed  a  certain  quantity  of  water  (see  note  in  Proceedings), 
and  the  regularity  of  the  results  obtained  with  the  mercuric  com- 
pound leads  us  to  believe  that  its  composition  is  represented  by  the 
formula  SCzHgjHzO. 

Properties. — Mercuric  acetylide  is  a  heavy,  white  powder,  which, 
under  the  microscope,  does  not  appear  to  be  crystalline.  Its  relative 
density  at  16°  compared  with  water  at  the  same  temperature  is  5'3. 

It  is  iusolable  in  water,  alcohol,  and  ether.  A  solution  of  ammo- 
nium acetate  dissolves  the  freshly  precipitated  substance ;  potassium 
cyanide  dissolves  even  the  dried  substance  with  ease. 

When  heated  gradually  in  an  oil  bath,  mercuric  acetylide,  from  its 
point  of  decomposition  at  about  110°,  slowly  breaks  up  into  mercury 
and  soft,  black  carbon,  a  little  water  being  given  off  at  the  same 
time.  In  one  experiment,  in  which  the  temperature  was  not  raised 
above  150°,  decomposition  was  complete  at  the  end  of  three  weeks. 
In  another  experiment  the  substance  was  heated  gradually  to  300°  in 
about  two  hours  ;  on  cooling,  some  acetylide  remained  undecomposed. 

When  heated  rapidly,  the  substance  explodes  violently,  leaving  a 
residue  of  carbon  ;  and  when  dropped  on  to  the  bottom  of  a  heated 
metal  cylinder  explosion  took  place  at  all  temperatures  above  230°. 
Although  it  explodes  when  struck  smartly,  it  can  be  handled  with 
safety. 

When  allowed  to  stand  in  contact  with  an  alcoholic  solution  of 
mercuric  chloride,  or  when  boiled  for  a  short  time  with  an  aqueous 
solution  of  this  substance,  mercuric  acetylide  is  converted  into  a  non- 
explosive  white  compound  which  behaves  exactly  like  the  precipitate 
obtained  by  passing  acetylene  into  a  solution  of  mercuric  chloride. 
This  substance  gives  calomel  and  carbon  on  heating,  no  acetylene 
with  hydrochloric  acid,  and  no  Cjlj  with  iodine.  It  belongs  to  a 
separate  class  of  non-explosive  acetylides,  of  which  several  have  been 
prepared,  and  which  will  be  described  in  a  separate  paper. 
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Action  of  Acids. — Cold  hydrochloric  acid  has  little  action  on  mer- 
curic acetylide  ;  on  "warming,  mercuric  chloride  is  formed,  acetylene 
being  evolved  ;  part,  however,  of  the  latter  is  hydrolysed  to  aldehyde, 
the  action  being  similar  to  the  conversion  of  allylene  into  acetone  by 
hydration,  which,  as  Kutscherolf  (Ber.,  13,  17)  has  shown,  takes 
place  when  that  hydrocarbon  is  passed  into  a  warm  solution  of  mer- 
curic chloride. 

The  proportion  of  acetylene  evolved  depends  on  the  conditions  in 
some  experiments  ;  about  three-fifths  of  the  calculated  quantity  was 
obtained.  Nitric  acid  readily  dissolves  the  acetylide;  strong  sulph- 
uric acid  causes  it  to  explode  ;  the  dilute  acid  has  little  action,  and 
appears  to  give  aldehyde  rather  than  acetylene. 

Action  of  the  Halogen. — Chlorine  and  bromine,  when  brought  in 
contact  with  mercuric  acetylide,  cause  explosion.  A  solution  of 
chlorine  in  chloroform  acts  on  it,  forming  mercuric  chloride  and  a 
substance  which  is  probably  CzCle.  The  action  is  accompanied  by  a 
sharp,  crackling  noise. 

Bromine  water,  in  excess,  on  warming,  yields  a  white,  crystalline 
substance,  insoluble  in  water,  volatile  with  steam,  and  melting  at  53", 
which,  on  analysis,  proved  to  be  tetrabromethylene. 

I.  II.  Calculated  for  CiBr^. 

Bromine 92-7         92-9  93 

Iodine  in  potassium  iodide  solution  readily  attacks  mercuric 
acetylide;  the  .first  product  of  the  action  is  the  compound  C2I2;  at 
least  the  smell  of  this  substance  is  instantly  noticed  when  the  sub- 
stances are  brought  together. 

The  action  is  not  complete,  owing  to  the  acetylide  becoming  coated 
with  the  insoluble  organic  iodide,  unless  heat  be  applied ;  when, 
however,  the  acetylide  is  heated  with  iodine  solution  in  excess  for 
24  hours  at  100 — 120°,  it  is  completely  decomposed,  taking  up  the 
quantity  of  iodine  needed  to  form  C2I4  and  mercuric  iodide. 

I.  0'741  gram  acetylide  took  up  2*312  grams  iodine, 

11.  0-359     „  „  „       1-212      „ 

or   one    molecular   porportion   of   SHgCajHjO  required   17   and  18-3 
atoms  of  iodine  instead  of  18. 

The  melting  point  of  the  tetraiodethylene  was  185°.  Iodine  found, 
95*5;  calculated  for  C2I4,  95-5.  A  solution  of  iodine  in  ether, 
shaken  with  excess  of  the  acetylide,  is  decolorised,  and,  on  filtering 
and  allowing  the  ether  to  evaporate,  leaves  a  residue  which  consists  of 
mercuric  iodide  and  needles  having  the  intolerable  odour  of  diiod- 
acetylene;  on  treating  with  chloroform  and  filtering,  a  solution  is 
obtained  which,  on  adding  more  iodine,  yields  crystals  of  C2I4. 

It  is  possible  that  additive  compounds  of  CjHg  with  iodine  are  also 
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formed,  which  are  decomposed  by  more  iodine,  yielding  mercuric 
iodide  and  C-Ji  or  C2T4,  but  the  smell  of  diiodacetylene  is  always  per- 
ceptible, however  large  may  be  the  excess  of  acetylide  present. 

Mercuric  acetylide  appears  to  be  strictly  analogous  to  the  silver 
and  cuprous  compounds.  Like  these,  it  is  explosive,  and  yields 
acetylene  with  hydrochloric  acid,  and  C2I2  or  C2I4  with  iodine.  It 
diifers  entirely  from  the  substance  obtained  by  precipitating  mercuric 
acetate  solutions  with  acetylene,  which  has  been  briefly  described 
(Proc,  he.  cit.),  and  which  gives  aldehyde  when  treated  with  hydro- 
chloric acid  and  iodoform  with  iodine. 

The  acetylene  used  was  made  either  from  the  copper  compound  or 
by  the  method  described  in  the  Proceedings  for  1893,  15. 

University  College, 
London. 


XXIX.   The  Formation  of  the  Hydrocarbon  "  Truxene  " 
from  Phenylpropionic  acid,  and  from  Hydrindone, 
By  F.  Stanley  Kipping,  Ph.D.,  D.Sc. 

Having  found  that  the  higher  acids  of  the  CnHjnOz  series  may  be 
readily  converted  into  ketones  with  the  aid  of  phosphoric  anhydride 
(Trans.,  1890,  57,  532,  980;  1893,  63,  452),  it  became  of  interest  to 
study  the  behaviour  of  aromatic  acids  under  similar  conditions. 

Pbenylpropionic  acid,  a  compound  easily  obtainable  in  large  quanti- 
ties, was  therefore  heated  with  phosphoric  anhydride  in  the  manner 
described  later ;  it  was  soon  evident,  however,  that  dibenzylacetone, 
the  formation  of  which  appeared  probable, 

2C6H5-CHj-CH,-COOH  =  {C,n,'C'S..,'C^^\CO  +  CO2  +  H^O, 

had  not  been  produced,  because  carbonic  anhydride  was  not  evolved 
in  any  appreciable  quantity. 

One  of  the  principal  products  of  the  action,  and  one  which  was 
isolated  only  after  considerable  difficulty  owing  to  its  unexpected 
properties,  proved  to  be  a  hydrocarbon  of  tne  empirical  formula 
CsHa ;  this  substance  was  characterised  by  very  slight  solubility  in 
the  usual  solvents,.^nd  its  properties  were  generally  indicative  of 
high  molecular  weight.  On  considering  its  origin,  it  seemed  not  un- 
likely that  1  molecule  of  the  hydrocarbon  had  been  produced  from 
2  or  more  molecules  of  the  acid, 

«(CaH«-CH,-CH/COOH)  =  n{G,B.,)  4-  2n(H,0), 

in  which  case  the  probability  suggested  itself  that  the  formation  of 
the  hydrocarbon  had  taken  place  in  two  stages  ;  that  in  the  first  the 
pbenylpropionic  acid  W£ia  converted  into  hydrindone, 
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CeHsCH^-CH/COOH  =  C,1I,<C^^I':>CB.,  +  H^O. 

and  that  in  the  second,  2,  or  possibly  3  molecules  of  this  intermediate 
product  underwent  condensation.  Evidence  in  support  of  this  view 
was  soon  forthcoming,  as  it  was  found  that  the  complex  product  from 
which  the  hydrocarbon  had  been  separated  contained  amongst  other 
substances  a  ketone  ;  although  this  ketone  was  present  in  such  small 
quantities  that  only  its  hydrazone  could  be  isolated,  the  latter  was 
proved  to  have  the  composition  C15H14N2,  and  to  be  identical  with  the 
hydrindone  hydrazone  described  by  Hausmann  (Ber.,  22,  2019). 

This  fact  doubtless  gave  some  clue  to  the  nature  of  the  interaction 
of  phosphoric  anhydride  and  phenylpropionic  acid,  but,  as  it  did  not 
afford  much  aid  in  establishing  the  constitution  of  the  hydrocarbon, 
the  latter  was  carefully  studied. 

Notwithstanding  that  its  formation  from  phenylpropionic  acid  in- 
volved the  loss  of  the  elements  of  water,  the  hydrocarbon  did  not 
combine  directly  with  bromine,  but  yielded  a  substitution  product 
of  the  composition  (CgHsBr)?!  which  was  even  more  sparingly 
soluble  than  the  hydrocarbon  itself.  lu  other  respects,  the  hydro- 
carbon was  characterised  by  extraordinary  stability;  fusion  with 
potash,  even  at  high  temperatures,  seemed  to  be  without  action,  and, 
on  treatment  with  nitric  acid  of  sp.  gr.  1'38,  it  was  only  very  slowly 
attacked.  On  oxidation  with  chromic  acid,  the  hydrocarbon  was 
converted  into  a  yellow,  very  stable  substance  of  the  composition 
(CgHiO)^,  which  was  practically  insoluble  in  all  ordinary  solvents, 
but  soluble  in  nitrobenzene,  phenol,  and  aniline.  The  hydrocarbon 
readily  dissolved  in  strong  nitric  acid  of  sp.  gr.  1'5,  and,  on  prolonged 
boiling  with  this  acid,  it  yielded  a  mixture  of  at  least  three  sub- 
stances, one  of  which  proved  to  be  nitrophthalic  acid, 

C6H3(COOH)2-N02  [(C00H)2 :  NO,  =  1  :  2  :  4.] 

One  of  the  most  interesting  observations  regarding  the  hydro- 
carbon was  that,  in  spite  of  its  stability  under  most  conditions,  it  was 
completely  decomposed  and  converted  into  brown,  or  black,  tarry 
products,  when  its  solution  in  nitrobenzene  was  boiled  during  several 
hours. 

These  experiments,  however,  failed  to  establish  the  constitution  of 

the  hydrocarbon ;  the  production  of  nitrophthalic  acid  showed  that  it 

C 
contained  the  group  C6H4<^p,  and  thereby  confirmed,  to  some  extent, 

the  original  assumption  of  its  formation  from  hydrindone;  but 
otherwise  the  facts  admitted  of  no  precise  interpretation.  Neverthe- 
less, they  were  not  without  value,  as  they  showed  that  the  compound 
differed  very  considerably  from  other  hydrocarbons  of  high  molecular 
weight,  such  as  chrysene,  naphthanthracene,  and  pyrene.     The  only 
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substances,  in  fact,  to  which  it  showed  any  close  resemblance  were 
the  hydrocarbon,  truxene,  prepared  by  Liebermann  and  Bergami  {Ber., 
22,  782),  and  a  hydrocarbon  mentioned,  but  barely  investigated,  by 
Hausmann  (loc.  cit.). 

Truxene  was  obtained  by  Liebermann  and  Bergami  by  reducing 
traxone  with  hydriodic  acid,  traxone  having  been  prepared  by  treat- 
ing  a-truxillic  acid  with  anhydrosulphuric  acid  ;  the  facts  at  dis- 
posal being  insufficient  to  establish  the  constitution  of  either  of  these 
compounds,  Liebermann  and  Bergami  merely  suggested  that  the 
formation  of  truxone  might  be  represented  as  follows, 

HO-CO-CH— CH-CeHs  CO CH— CH— CO 

I  1=1  I  I  I        +  2H,0 

CeHs-CH— CH-CO-OH        C«Hi-CH— CH— CsHi  '   ' 

and  that  in  its  conversion  into  truxene  (CgHs)^,  traxone  (CgHeO)*  had 
undergone  condensation  by  which  the  value  of  n  had  become  greater. 
In  a  second  paper  (Ber.,  23,  317),  the  constitutions  of  these  com- 
pounds were  more  fully  discussed  in  the  light  of  an  observatioa 
made  in  the  meantime  by  Hausmann.  The  latter  had  found  that 
a  hydrocarbon  of  the  composition  (CgHB)^  was  formed  on  heating 
hydrindone  with  concentrated  hydrochloric  acid,  and  as  the  physical 
properties  of  the  substance  indicated  high  molecular  weight,  he 
came  to  the  conclusion  that  it  was  probably  "  tribenzylenebenzene," 
C37H18,  a  compound  of  the  constitution 

C CH, 

^\     I 
CoHi-C     C-CeH^ 

CHj— C    C-CHj     i 

%/     I 
C — C6H4 

he  argued  that  it  had  been  formed  by  the  condensation  of  3  molecules 

of  hydrindone,  just   as  mesitylene  is  produced  from  3  molecules  of 

acetone,    and    as     Gabriel    and    Michael's    "  tribenzoylenebenzene " 

{Ber.,  10,  1557), 

C CO 

^\     I 
CgHi— C     C-CgHi 

II      II 

CO— c    c-co      , 

%/  I 

C — C,H« 

was  assumed  to  be  formed  from  3  molecules  of  phthalylacetic  acid. 
Hausmann,  however,  did  not  establish  the  nature  of  his  hydrocarbon  ; 
although  he  submitted  it  to  oxidation  and  obtained  a  substance  which 
seemed  to  be  identical  with  "  tribenzoylenebenzene,"  he  did  not 
obtain  sufficient  pure  material  for  an  analysis. 

These  observations  led  Liebermann  and  Bergami  to  the  conclasion. 
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already  sugpfested  by  Hausmann,  that  truxene  is  identical  with  the 
hydi'ocarbon  the  latter  had  obtained  from  hydrindone ;  they  therefore 
oxidised  truxene,  and  proved  by  direct  comparison  that  its  oxidation 
product  is  identical  with  Gabriel  and  Michael's  "  tribenzoylenebenz- 
ene ;  "  having  established  this  fact,  they  concluded  that  truxene  is  a 
"  tribenzylenebenzene  "  of  the  constitution  given  above. 

It  now  became  necessary  to  alter  their  original  view  of  the  consti- 
tution of  truxoue  ia  order  to  account  for  its  conversion  into  truxene  ; 
they  were  thus  driven  to  assume  that  truxone  has  the  molecular 
formula  (CgHflOjs,  and  that  it  is  a  hexahydro-derivative  of  "  tri- 
benzoylenebenzene," 

CH CO 

/\,        I 
C6ri4— CH  GH— Cglii 

CO— CH  CH-CO     ' 

\/         I 
CH C6H4 

in  spite  of  the  fact  that  this  view  did  not  accord  with  the  ascertained 
behaviour  of  the  compound,  and  could  not  well  be  reconciled  with  its 
formation  from  a-truxillic  acid,  which  had  been  proved  to  have  the 
molecular  formula  dsHieOi  (Ber.,  22,  2240). 

It  will  be  evident  from  the  foregoing  that,  even  if  the  suspected 
identity  of  truxene  and  the  hydrocarbon  produced  from  phenylpro- 
pionic  acid  had  been  proved,  the  molecular  formula  and  constitution 
of  the  compound  would  still  have  remained  matters  of  speculation, 
since  those  of  "  tribenzoylenebenzene "  could  not  be  regarded  as 
satisfactorily  established. 

This  being  the  case,  it  appeared  desirable  to  study  the  formation 
of  the  hydrocarbon  from  other  stand-points,  and  to  ascertain,  in  the 
first  place,  whether  it  was  really  produced  by  the  condensation  of 
hydrindone.  The  preparation  of  a  considerable  quantity  of  this 
ketone  being  necessary  for  this  purpose,  and  the  methods  then  known 
appearing  very  troublesome,  attempts  were  made  to  devise  some  new- 
mode  of  preparation  ;  this  having  been  accomplished,  the  investiga- 
tion of  the  behaviour  of  hydrindone  with  dehydrating  agents  became 
possible,  and  led  to  the  following  results. 

When  hydrindone  is  heated  with  phosphoric  anhydride  it  is  con- 
verted into  a  hydrocarbon  identical  with  that  obtained  from  phenyl- 
propionic  acid,  wCgHgO  =  (C9H6)n  +  wHjO.  On  treatment  with, 
moderately  dilute  sulphuric  acid,  hydrindone  yields  two  products, 
namely,  the  hydrocarbon  in  question,  and  a  compound  of  the  com- 
position CigHiiO  =  2C9H8O  —  HiO  ;  the  latter  on  further  treatment 
■with  sulphuric  acid,  or  when  heated  with  phosphoric  anhydride,  is 
converted  into  the  hydrocarbon  (CaHe)*- 
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Returning' now  to  Hausmann's  "  tribenzylenebenzene,"  it  can  hardly 
be  doubted,  in  the  face  of  these  results,  that  this  compound  is  identi- 
cal with  the  hydrocarbon  from  phenylpropionie  acid  ;  both  may  be 
obtained  from  hydi'indone,  and,  as  far  as  can  be  judged  from  Haus- 
mann's rather  meagre  statements,  they  are  identical  in  properties. 
Truxene,  which,  according  to  Liebermann  and  Bergami,  is  identical 
with  Hausmann's  hydrocarbon,  should  therefore  be  identical  with  thn-t 
from  phenylpropionie  acid.  This  also  is  the  case,  for  although  their 
identity'  could  not  be  proved  by  direct  comparison,*  it  was  ascertained 
ihat  the  oxidation  product  of  the  hydrocarbon  from  phenylpropionie 
acid,  like  that  of  truxene,  is  identical  with  Gabriel  and  Michael's 
"  tribenzoylenebenzene." 

The  most  important  questions,  however,  namely,  those  concerning 
the  molecular  formula  and  constitution  of  the  hydrocarbon  prepared 
by  these  different  methods,  have  still  to  be  discussed,  and,  in  the  first 
j»lace,  the  evidence  based  on  chemical  considerations  may  be  taken. 
That  obtainable  from  the  direct  formation  of  the  hydrocarbon  from 
liydrindone  and  from  phenylpropionie  acid  may  at  once  be  dis- 
missed as  affording  no  solution  to  the  question,  there  being  no  means 
of  deciding  the  value  of  n  in  the  equations  ^(CeHs'CHj'CHa'COOH) 
=  (CsHe)^  +  2nH,0  and  nC,U,0  =  (CoHe),  +  nH,0.  The  forma- 
tion  of  the  hydrocarbon  from  the  compound  of  the  composition 
GisHuO,  on  the  other  hand,  is  a  fact  of  far  greater  significance,  since 
the  molecular  formula  of  this  intermediate  product  is  established,  not 
only  by  the  results  of  analyses,  but  also  by  molecular  weight  de- 
terminations in  boiling  aniline  solution  (compare  p.  284).  Now,  the 
constitution  of  this  substance  may  be  expressed  by  one  of  several 
theoretically  possible  formulae ;  when,  however,  it  is  borne  in  mind 
that  hydrindone  contains  the  group -CHj-CO-,  that  it  is  probably 
this  group  which  takes  part  in  the  condensation,  and  that  the  sub- 
stance in  question  is  evidently  analogous  to  the  condensation  product 
of  diketohydrindone  (Wislicenus  and  Kotzle,  Annalen,  252,  76),  only 
one  of  these  formulae  is  readily  admissible,  namely, 

CeHi-C^^^^^C — CHj    or  the  tautomeric   Q*'^*^ CH-CHj 

CHj.-CH,  CO-CeH*  form  CH,-CH   CO-CbH/ 

Since,  therefore,  the  hydrocarbon  is  produced  from  this  compound 
by  elimination  of  the  elements  of  water  under  conditions  which  seem 
to  exclude  the  possibility  of  hydrolysis,  the  necessary  conclusion  is 

•  Having  recently  (Oct.  13,  1893)  received  a  communication  from  Professor 
Liebermann,  commencing  "  Erst  heute  kommt  mir  Hire  Ahhandlung  (Proc.  Chetn, 
Sbc,  1892,  107)  zur  Gesicht,"  and  calling  attention  to  the  probable  identity  of  the 
hydrocarbons  from  the  two  sources  (a  probability  with  which  the  autlior  liad  been' 
acquainted  for  nearly  two  years)  an  application  for  a  sample  of  truxene  was  made ; 
unfortunately  Liebermann  wa«  unable  to  comply,  having  no  material  at  disposal. 
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that  the  hydrocarbon  has  the  molecular  formula  CigHu,  in  which 
case  its  constitution  might  be  expressed  by  the  formula 

C6H4-C=C-CH2      or  the  tautomeric     CeHi-C-C-CHj 
CHa-C=C-C6H4  form  CH^ -C-C-CeH^* 

Omitting  any  discussion  of  the  inherent  probability  or  otherwise  of 
these  formulae,  the  next  point  of  interest  is  the  formation  of  the 
hydrocarbon  from  truxone.  Truxone,  (CgHeO)^,  is  produced  by 
treating  truxillic  acid  with  anhydrosulphurio  acid,  and  the  molecular 
formula  of  truxillic  acid  has  been  shown  to  be  C18H16O4  (Liebermann 
and  Bergami,  ICc.  cit.)  ;  probably,  therefore,  truxone  has  the  mole- 
cular formula  Ci8Hi202  rather  than  C27H18O3,  and  since  it  is  converted 
into  truxene  by  treatment  with  hydriodic  acid  at  180°,  the  evidence  is 
again  in  favour  of  the  view  that  truxene  is  Ci8Hi2. 

Considering  now  any  chemical  evidence  which  might  be  advanced 
as  pointing  to  a  different  conclusion,  there  is  only  one  fact  of  any  im- 
portance, and  that  is  the  oxidation  of  the  hydrocarbon  to  "  tribenzoyl- 
enebenzene."  The  last-named  compound  has  hitherto  been  assumed  to 
have  the  molecular  formula  C27H12O3,  partly  on  account  of  its  physical 
properties  and  methods  of  formation,  but  more  particularly  because 
triphenylbenzene  is  formed  when  the  product  obtained  by  fusing  it 
with  potash  at  a  high  temperature  is  distilled  over  lime. 

It  is  evident,  however,  that  any  conclusions  drawn  from  the  con- 
version of  "  tribenzoylenebenzene  "  into  triphenylbenzene  have  little  or 
no  weight,  as  the  energetic  treatment  required  to  effect  this  may,  and 
in  many  cases  is  known  to,  bring  about  very  complex  changes  which 
are  of  no  value  and  are  often  misleading  in  settling  questions  of  con- 
stitution ;  it  might,  in  fact,  be  assumed  with  just  as  much  confidence 
that  truxone  is  a  derivative  of  anthraquinone  because  it  is  converted 
into  "  dihydrodiphenyleneoxyanthraquinone  "  on  fusion  with  potash 
(Liebermann  and  Bergami,  Ber.,  23,  321). 

According  to  Gabriel  and  Michael,  the  formation  of  "  tribenzoylene- 
benzene "  on  heating  phthalylacetic  acid  with  concentrated  sulphuric 
acid  may  be  expressed  by  the  equation 

3  ^,^^^>C:CH-COOH  =  C27H12O3  +  3CO2  +  3H2O. 

When,  however,  it  is  borne  in  mind  that  phthalylacetic  acid  is  readily 
converted  into  carboxybenzoylacetic  acid,  COOH'CeHi'CO'CHj'COOH, 
and  that  the  latter  is  easily  decomposed  into  cai-bonic  anhydride  and 
orthacetyl benzoic  acid,  COOH*C6H4*CO"CH3,  an  equally  rational  ex- 
planation of  the  formation  of  "  tribenzoylenebenzene  "  leads  to  the 
molecular  formula  CisHgOj  in  the  following  manner. 
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COOH-CsTT^-CiO  !-CIH.,i-H  ^^  ^ 

H-CiH,l-CiO  l-CsHi-COOH  ~  "^^'^  ~ 


COOH-CsH^-C — CH 

II  _   II 


CH-C-C6H4-COOH 


COOH-CfiHi-C CH 

CH— C-CeH.-COOH  -  2H2O 


CeH.-C-C-CO       ^^  CeH.-C=C-CO 
CO— C— C— CeH/        CO— C:=C-4Hi 

Thfe  formation  of  "  tribenzoylenebenzene,"  on  heating  phthalic 
anhydride  with  sodium  acetate  and  ethylic  malonate,  may  also  be 
accounted  for  by  assuming  that  '*  tribenzoylenebenzene  "  has  the 
molecular  formula  CisHgOa-  It  may  be  supposed  that  methylene- 
phthalide  is  first  produced,  in  support  of  which  view,  the  fact  that 
this  substance  is  obtained  as  a  bye-product,  may  be  quoted ;  the 
methylenephthalide  might  then  be  converted  into  orthacetylbenzoic 
acid,  a  change  which  it  is  known  to  undergo  on  treatment  with 
alkalis,  and  from  this  acid  "  tribenzoylenebenzene  "  could  be  formed  in 
the  manner  shown  above. 

There  was,  therefore,  no  valid  evidence  whatever  that  "  tribenzoyl- 
enebenzene "  had  the  molecular  formula  C27H12O3,  and  consequently  its 
formation  from  the  hydrocarbon  could  not  be  taken  as  a  proof  that 
the  latter  had  the  molecular  formula  C^vHig  when  evidence  so  much 
less  open  to  objection  pointed  to  the  formula  CigHu. 

At  this  stage  of  the  investigation,  Beckmann's  apparatus  for  deter- 
mining molecular  weight  with  the  aid  of  solvents  of  high  boiling 
point  (Zeit.  Phijs.  Chem.,  8,  223)  was  procured,  and  a  large  number 
of  experiments  were  made,  both  with  truxene  and  "  tribenzoylene- 
benzene." Employing  aniline  as  solvent,  the  molecular  weight  of  the 
hydrocarbon  was  found  to  be  377,  the  determinations  in  phenol 
solution  giving  341  ;  in  other  words,  the  results  point  decidedly  to 
the  molecular  formula  CjiHis  (=  342).  The  experiments  with  tri- 
benzoylene  gave  474  in  phenol,  and  464"5  in  aniline  solution,  the 
calculated  molecular  weight  for  CavHuOa  being  384. 

It  will  be  seen  that  these  results,  especially  in  the  latter  case,  are 
decidedly  abnormal,  and  the  question  arises,  what  weight  is  to  be 
attached  to  them  ?  Are  they  sufficiently  conclusive  to  upset  the 
chemical  evidence  already  brought  forward  in  favour  of  the  bi- 
molecular  formulsB  ?  If  so,  it  must  be  assumed  that  phosphoric 
anhydride  hydrolyses  the  compound  of  the  composition  C,sHuO»  and 
converts  it  into  hydrindone,  3  molecules  of  which  then  undergo  con- 
densation ;  also  that  hydriodic  acid  decompo.ses  truxone  into  2  mole- 
cules of  some  simpler  substance  which  then  undergoes  condensation, 
or,  that  truxone  is  a  hexahydro-derivative  of  benzene,  an  assamp- 
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tion  which  is  negatived  by  the  experiments  of  Liebermann  and 
Bergami. 

If  the  results  of  the  molecular  weight  determinations  had  agreed 
closely  in  both  cases  with  those  required  by  tbe  trimolecnlar  formulae, 
the  matter  might  have  been  regarded  as  settled  in  spite  of  these  diffi- 
culties ;  the  abnormal  values  obtained  with  "  tribenzoylenebenzene," 
however,  cannot  be  satisfactorily  accounted  for.  Although  the  sub- 
stance contains  oxygen,  it  cannot  be  classed  in  the  same  category  as 
acetic  acid,  benzoic  acid,  and  other  substances  which  give  abnormal 
values,  because,  according  to  present  views,  it  does  not  contain  labile 
hydrogen  ;  moreover,  the  solutions  employed  are  necessarily  so  dilote 
that  the  high  values  obtained  can  hardly  be  attributed  to  concentra- 
tion, although,  as  will  be  shown  later,  there  are  indications  that  this 
may  be  the  case.  If,  then,  "  tribenzoylenebenzene  "  gives  results  which 
are  on  the  average  22  per  cent,  too  high  for  the  trimolecular  formula, 
it  might  be  argued  that  those  obtained  with  the  hydrocarbon  are 
equally,  or  even  more,  abnormal,  and  that  in  both  cases  the  molecules 
are  in  reality  aggregates,  which  are  only  partially  resolved  into 
simple  molecules  under  the  given  conditions. 

Notwithstanding  arguments  of  this  nature,  and  considering  the 
results  as  a  whole,  it  must  be  conceded  that  they  point  to  the  tri- 
molecalar  formulae ;  this  conclusion,  being  directly  contrary  to  that 
arrived  at  from  a  consideration  of  chemical  facts  of  considerable 
weight,  cannot  be  accepted  as  final,  although  it  certainly  casts  doubt 
on  the  evidence  in  favour  of  the  bimolecular  formulae,  and  again 
raises  the  whole  question.*  The  further  investigation  of  these  re- 
markable compounds  is  therefore  desirable,  and  the  determination  of 
the  molecular  weight  of  truxone  would  be  of  particular  interest ; 
many  attempts  have  been  made  during  the  last  few  months  to  pre- 
pare some  mono-derivative  of  the  hydrocarbon,  and  thus  settle  the 
question  beyond  doubt;  unfortunately  they  have  not  met  with 
success. 

Truxene. 

Preparation  from  Phenylpropionic  acid. — Phenylpropionic  acid 
(20 — 30  grams),  contained  in  a  beaker  placed  in  a  metal  bath,  is 
heated  at  about  80 — 100°,  and  2  mols.  of  phosphoric  anhydride  are 
quickly  added  in  three  approximately  equal  portions,  stirring  well 
after  each  addition ;  a  considerable  rise  in  temperature  occurs,  and 
the  anhydride  apparently  dissolves,  but  without  effervescence,  traces 
of  some  irritating  vapour  (hydrindone  ?),  which  partially  condenses 

*  The  author's  note  in  the  Proceedings  (No.  128,  1893,  67)  was  published  before 
the  molecular  weight  determinations  had  been  made,  and  the  views  there  expressed 
jnust  be  modified  accordingly. 
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on  the  sides  of  the  beaker,  being  evolved.  Heat  is  now  apph'ed  if 
necessary,  but  usually  the  temperature  rises  sufficiently  high,  namely, 
to  about  180°,  or  even  higher,  in  consequence  of  the  fairly  vigorous 
action ;  during  this  time  the  mixture  turns  yellow,  and  then  brown, 
gradually  changing  from  a  moderately  mobile  liquid  to  a  thick  pasty 
or  solid  mass,  at  the  edges  of  which  pale  yellow  crystals  of  the  hydro- 
carbon may  sometimes  be  seen  ;  after  keeping  the  mixture  at  about 
200°  for  a  few  minutes  the  operation  is  at  an  end. 

When  cold,  the  product  is  stirred  up  with  water,  and,  if  now  the 
whole  be  submitted  to  distillation  with  steam,  traces  of  hydrindone 
pass  over,  but  usually  in  quantities  so  small  that  the  distillate  is 
clear ;  the  presence  of  the  ketone  in  solution  is,  however,  indicated  by 
the  smell,  and  may  be  proved,  by  heating  the  distillate  with  phenyl- 
hydrazine  acetate,  when  a  turbidity,  due  to  the  formation  of  hydr- 
indone phenyl  hydrazone,  is  produced.  The  separation  of  this  small 
quantity  of  hydrindone  being  of  no  advantage,  the  brown  pasty 
product  is  simply  extracted  with  boiling  water  to  free  it  from  phos- 
phoric acid.  The  brownish  extracts  show  a  beautiful,  greenish-blue 
fluorescence,  and  contain  small  quantities  of  an  organic  phosphorus 
compound  (see  below),  whilst  the  residue  consists  of  a  brown,  some- 
what brittle  substance,  the  weight  of  which,  when  dried,  is  usually 
about  two-thirds  that  of  the  phenylpropionic  acid  employed.  This 
residue  is  ground  to  a  fine  powder,  and  repeatedly  extracted  with 
boiling  glacial  acetic  acid,  which  dissolves  a  brown,  amorphous  sub- 
stance, the  nature  of  which  was  not  determined,  and  leaves  a  dirty 
grey  or  yellowish  powder,  consisting  of  the  crude  hydrocarbon  ;  the 
yield  of  the  latter,  on  the  average,  is  about  40  per  cent,  of  the 
theoretical,  and  the  less  on  subsequent  purification  is  only  very 
small. 

The  crude  product  may  be  purified  by  recrystallisation  from  boiling 
xylene,  cumene,  nitroben2.ene,  aniline,  or  similar  solvents,  but,  owing 
to  the  rapidity  with  which  crystals  are  deposited,  such  solutions  are 
difficult  to  filter;  the  most  convenient  method  is  to  place  the  crude 
product  in  a  bag  of  filter  paper,  and  suspend  the  latter  in  a  flask  con- 
taining xylene,  and  connected  with  a  reflux  condenser;  on  boiling,  the 
hydrocarbon  is  gradually  dissolved  out  of  the  bag,  and  is  deposited  in 
the  flask  in  yellow  crystals. 

01515  of  a  sample  obtained  in  this  way  gave  0*5250  COj  and  00710 
H,0.     C  =  94-51 ;  H  =  5-21. 

C3H2  requires  C  =  9474 ;  H  =  526  per  cent. 

The  yellow  solution,  obtained  on  extracting  the  crude  product  of 
the  action  of  phosphoric  anhydride  on  phenylpropionic  acid  with 
water,  if  left  for  several  weeks,  deposits  a  small  quantity  of  a  reddish- 

u  2 
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brown  substance  in  rosette-like,  crystalline  masses  ;  this  is  insoluble, 
or  nearly  so,  in  chloroform  and  benzene,  but  may  be  recrystallised 
from  a  mixture  of  alcobol  and  glacial  acetic  acid  ;  when  boiled  with 
aniline  it  is  decomposed,  yielding  crystals  of  aniline  phosphate  and 
an  oily  or  i-esinous  substance  which  was  not  investig'ated. 

Preparation  from  Hydrindone. — Pure  hydrindone  is  dissolved  in  a 
mixture  of  about  equal  parts  of  water  and  ordinary  concentrated 
sulphuric  acid,  and  the  brown  solution  heated  on  a  sand  bath ;  after  a 
very  short  time  the  colour  darkens  slightly,  and  an  oil  begins  to  collect 
at  the  surface,  but,  even  before  ebullition  sets  in,  the  oil  gradually 
solidifies  and  changes  to  a  yellow,  or  brown,  granular  mass ;  after 
boiling  for  about  three  hours  the  product  is  separated  by  filtration, 
and  extracted  with  boiling  alcohol  to  free  it  from  a  small  quantity  of 
brown  imparity.  The  yellowish,  insoluble  residue  consists  of  practi- 
cally pure  hydrocarbon,  and  the  yield  is  very  good.  For  analysis  it 
was  purified  by  recrystallisation  from  xylene. 

0-1628  gave  0-5286  CO2  and  00722  H^O.     C  =  94-35  ;  H  =  5-25. 
C3H2  requires  C  =  94-74 ;  H  =  5-26  per  cent. 

Preparation  from  Ci8Hi40. — If,  in  preparing  the  hydrocarbon  from 
hydrindone,  the  boiling  with  sulphuric  acid  be  interrupted  as  soon  as 
the  formation  of  a  soUd  product  seems  to  be  at  an  end,  which  is 
•usually  the  case  after  about  10  minutes,  a  compound  of  the  composi- 
tion CisHuO  is  formed,  together  with  a  considerable  quantity  of 
hydrocarbon ;  the  two  substances  are  easily  separated,  as  the  former 
dissolves  freely  in  hot  alcohol,  and  crystallises  from  the  filtered  solu- 
tion on  cooling. 

The  properties  of  this  condensation  product  will  be  described  in 
a  subsequent  paper;  its  composition  is  proved  by  the  following 
analyses. 

0-1415  gave  0-4541  CO2  and  0-0758  HoO.     C  =  87-52 ;  H  =  5-96. 

0-1638  gave  05287  CO^  and  0  0842  H,0.     C  =  8803;  H  =  5-71. 
CigHuO  requires  C  =  87-80  ;  H  =  5-69  per  cent. 

That  this  substance  was,  in  fact,  an  intermediate  product  in  the 
conversion  of  the  ketone,  hydrindone,  into  the  hydrocarbon,  seemed 
to  be  proved  by  its  conversion  into  the  latter.  This  change  may  be 
brought  about  by  heating  the  compound,  CigHuO,  with  a  mixture  of 
equal  volumes  of  sulphuric  acid  and  water  for  an  hour  or  so,  when  it 
is  almost  quantitatively  converted  into  the  hydrocarbon  ;  on  extracting 
the  solid  product  with  hot  alcohol,  only  traces  of  coloured  impurity 
are  dissolved,  and  the  residue  consists  of  practically  pure  hydro- 
carbon. 

As  the  strongest  argument  in  favour  of  the  molecular  formula 
CisHij  for   the  hydrocarbon  is  afforded  by  its  formation  from  this 


FROM   PHENYLPROPIONIC   ACID   AXD   HYDRINDOXE.  279 

condensation  product,  some  other  method  of  preparation  had  to  be 
effected,  under  conditions  which  seemed  to  render  a  resolution  pf  the 
latter  into  hydrindone  out  of  the  question;  this  was  accomplished 
with  the  aid  of  phosphoric  auhydride. 

The  pure  substance  was  heated  to  about  150°  in  a  small  beaker,  and 
phosphoric  anhydride  was  dusted  in  until  the  whole  solidified  ;  the 
mixture  was  then  kept  at  about  150°  for  some  minutes.  When  cold, 
the  product  was  extracted  with  boiling  dilute  alcohol,  the  insoluble 
portion  being  reduced  to  a  fine  powder,  and  again  extracted  as  before  ; 
the  residue  consisted  of  the  crude  hydrocarbon. 

The  hydrocarbon,  prepared  by  any  of  these  methods,  crystallises 
from  boiling  xylene  in  flat  needles  or  plates  which  sometimes  exhibit 
a  beautiful  iridescence.  It  does  not  show  any  sign  of  change  at  360°, 
although  it  sublimes  slowly  at  about  this  temperature ;  when  heated 
more  strongly,  it  melts  to  a  yellowish  liquid,  and  then  quickly  sub- 
limes in  yellow  needles,  apparently  with  slight  decomposition.  It  is 
characterised  by  unusual  resistance  to  solvents  of  moderately  low 
boiling  point,  as,  for  example,  ether,  alcohol,  ethjlic  acetate,  glacial 
acetic  acid,  &c.,  in  all  of  which  it  is  insoluble,  or  nearly  so ;  it  is, 
however,  slightly  soluble  in  chloroform,  rather  more  readily  in  boiling 
xylene,  and  moderately  easily  in  boiling  nitrobenzene,  aniline,  and 
phenol. 

In  most  respects  the  hydrocarbon  is  also  characterised  by  great 
stability ;  even  when  fused  with  potash  for  some  time  it  undergoes 
only  very  slight  decomposition,  practically  the  whole  being  recovered 
unchanged.  It  is  only  slowly  acted  on  by  boiling  nitric  acid  of  sp. 
gr.  138,  by  which  it  is  converted  into  a  deep  canary-yellow  sub- 
stance, in  spite  of  the  fact  that  it  does  not  pass  into  solution  ;*  this 
product  seems  to  be  a  mixture,  as  samples  purified  by  recrystallisa- 
tion  from  nitrobenzene  differed  widely  in  composition. 

The  action  of  oxidising  agents,  of  bromine,  and  of  nitric  acid  (sp. 
gr.  1'5)  on  the  hydrocarbon,  as  well  as  its  curious  behaviour  with 
nitrobenzene,  are  described  subsequently. 

When  a  few  crystals  of  the  hydrocarbon  are  shaken  with  ordinary 
concentrated  sulphuric  acid,  the  mixture  slowly  turns  violet,  and  then 
deep  blue,  although  apparently  the  crystals  do  not  dissolve  to  any 

*  This  behaviour  with  nitric  acid  for  some  time  led  the  author  to  doubt  the 
identity  of  the  lijdrocarbon  with  truxene,  since  the  latter,  according  to  Liober- 
mann  and  Bergami  (Ber.,  22,  786),  is  unchanged  by  nitric  acid  of  sp.  gr.  1-38. 
This  statement,  however,  is  doubtless  incorrect,  although  easily  accounted  for, 
because,  if  the  truxene  with  which  the  observation  was  made  were  not  sufficiently 
jjure,  the  slight  change  in  colour,  which  indicates  that  action  is  taking  place,  would 
not  be  readily  detected ;  nevertheless,  it  could  not  be  overlooked,  as,  with  tho 
exception  of  its  conversion  into  "  tribenzoylenebenzene,"  Liebermann  and  Bergami 
describe  no  specific  property  of  truxene  by  which  it  could  be  readily  identified. 
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appreciable  extent,  that  is  to  say,  tlie  crystals  alone  are  coloured,  the 
acid  remaining  almost  colourless  ;  on  warming,  the  colour  changes  to 
reddish- violet  and  then  to  brown,  finally  becoming  pale  yellowish - 
brown  on  adding  water.  This  behaviour  affords  a  ready  means  of 
identifying  the  hydrocarbon,  and  seems  not  to  be  due  to  the  presence 
of  impurity  in  the  latter,  as  it  is  shown  by  samples  which  have  been 
repeatedly  crystallised,  and  also  by  portions  of  the  hydrocarbon  which 
have  been  fused  with  potash.  The  blue  coloration,  however,  does  not 
appear  in  presence  of  a  drop  of  nitric  acid,  nor  when  pure  sulphuric 
acid  is  used,  except  extremely  faintly,  and  after  keeping  for  many 
hours ;  the  impurity  in  the  ordinary  concentrated  acid  to  which  the 
coloration  is  due  seems  not  to  be  nitrous  acid,  as  a  trace  of  the  latter 
immediately  destroys  the  colour ;  solutions  thus  decolorised  rapidly 
turn  blue  on  shaking  in  the  air,  the  coloration  becoming  more  intense 
than  at  first ;  this  destruction  and  reproduction  of  the  colour  may  be 
repeated  many  times. 

When  heated  at  100°  with  concentrated  sulphuric  acid,  the  hydro- 
carbon turns  a  variety  of  colours,  and  gradually  passes  into  solution, 
doubtless  forming  a  sulphonic  acid;  if  the  heating  has  been  at  all 
prolonged,  no  precipitation  occurs  on  adding  water,  but  on  cooling  the 
solution  sets  to  a  yellow  jelly. 

The  identity  of  the  several  samples  of  hydrocarbon  obtained  in  the 
manner  already  described  is  shown  by  the  analyses  and  by  the  fol- 
lowing facts  : — Samples  from  the  various  sources  melted  practically 
simultaneously  when  heated  on  the  bright  surface  of  a  metal  bath  ; 
they  all  gave  the  same  sequence  of  colours  on  treatment  with  concen- 
trated sulphuric  acid  ;  they  all  showed  the  same  highly  characteristic 
behaviour  with  boiling  nitrobenzene  (see  p.  286). 

Samples  from  the  four  sources  were  separately  recrystallised  from 
boiling  nitrobenzene  and  examined  by  Mr.  W.  J.  Pope,  who  reports 
as  follows: — "The  four  specimens  consist  of  small,  flattened,  rect- 
angular needles,  which,  on  microscopic  examination  in  polarised 
light,  show  straight  extinction  through  the  large  face ;  this  face  is 
normal  to  a  bisectrix,  and  the  optic  axial  plane  is  parallel  to  the 
larger  side  of  the  plate.  The  axes  emerge  just  outside  the  micro- 
scope field,  and  the  crystals  show  interference  colours  of  high  orders 
in  convei'gent  polarised  light.  Exactly  the  same  phenomena  are 
observed  with  all  the  crystals,  so  that  the  four  samples  are 
apparently  crystallographically  identical  and  belong  to  the  ortho- 
rhombic  system." 

The  question  of  the  existence  of  coloured  hydrocarbons  having 
been  recently  studied  by  Grsebe  (Ber.,  25,  3146  ;  26,  2354),  and  dis- 
cussed by  Armstrong  (Proc,  1892,  192),  the  hydrocarbon  from 
hydrindone  was  carefully  examined  in  this  respect,     Liebermann  and 
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Bergami  describe  truxene  as  "  yellowish  ;  "  Hausmann's  hydrocarbon, 
even  when  prepared  under  like  conditions,  varied  in  colour  from 
golden-yellow  to  the  palest  light  yellow,  a  fact  which  he  attributed  to 
the  presence  of  small  quantities  of  some  impurity.  The  colour  of  the 
crude  hydrocarbon  prepared  by  the  methods  described  above  is  very 
ditFereut,  varying  from  a  dirty,  rather  dark  yellow,  as  exhibited  by  that 
from  phenylpropionic  acid,  to  very  pale  yellow,  as  in  the  case  of  that 
obtained  from  hydrindone.  On  recrystallisation  from  nitrobenzene, 
the  colour  becomes  darker,  doubtless  owing  to  decomposition,  but 
from  boiling  xylene  lighter  coloured  crystals  are  usually  deposited ; 
if,  after  several  recrystallisations  from  xylene,  the  hydrocarbon  be 
now  purified  with  the  aid  of  chloroform  it  is  obtained  in  microscopic 
crystals,  which,  if  not  colourless,  are  so  slightly  tinged  with  yellow 
that  the  colour  is  barely  appreciable. 

For  the  determination  of  the  molecular  weight  of  truxene  and  of 
"  tribenzoylenebenzene  "  by  the  ebullition  method,  the  most  suitable 
solvents  appeared  to  be  aniline  and  phenol.  As,  however,  tlie  latent 
beat  of  vaporisation  of  these  two  liquids  seems  not  to  have  been 
determined,  except  indirectly  by  Beckmann  {loc.  cit.),  it  was  neces- 
sary, in  the  first  place,  to  make  a  series  of  experiments  with  sub- 
stances of  known  molecular  weight  in  order  to  obtain  the  molecular 
rise  in  boiling  point  of  the  solvents. 

For  this  purpose,  the  following  experiments  were  made. 


Weight  of 
Bolvent. 


Weight  of 
substance. 


Grams  substance  in 
100  grams  solvent. 


Rise  in  boil- 
ing point. 


M.  W. 


I.  Solvent  aniline. 


13  18 


14-36 


12-82 
11-15 


12  31 


Chrysene.     M.  W.  =  228. 


0-1719 

1-304 

0  -4911 

3-726 

0-7364 

6  -587 

1-1400 

8-650 

0  0977 

0-6804 

0  -2477 

1-725 

0-3137 

2-184 

Jondensation  Product,  CieHi 

0-2150 

1-677 

0  -3244 

2-530 

0-1945 

1-744 

0-3296 

2-956 

Acetanilide 

.     M.  \ 

0-0902 

0-6515 

0-1716 

1-894 

0-2772 

2-252 

M.  W. 


W.  =  135. 


0-l!K)° 

226 

0-575 

213 

0-865 

212 

1-815 

216 

0-107 

209 

0-270 

210 

0-845 

208 

=  246. 

0-245° 

225 

0-365 

228 

0-240 

239 

0-413 

235 

0  160P 

143 

0-828 

140 

0-528- 

140 
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Weight  of 
solvent. 


Weight  of 
substance. 


Grams  substance  in 
100  grams  solvent. 


Rise  in  boil- 
ing point. 


M.  W. 


IJ.  Solvent  phenol. 


Chrysene.     M.  W.  =  228. 


11-34 

0  -2153 

1-898 

0  -264° 

218 

'> 

0-4371 

3-854 

0-524 

223 

)' 

0  -6672 

5-884 

0-837 

214 

13-88 

0  -6385 

4-600 

0-626 

223 

j> 

0 -9842 

7-091 

0-953 

226 

>) 

1  -1520 

8-300 

1-103 

228 

"  Benzylideneindol."     M,  W.  = 

:  205. 

12-97 

0-3355 

2-587 

0-380° 

207 

)) 

0-7174 

5-531 

0-840 

200 

)i 

1  -0772 

8-305 

1  -247 

202 

The  average  (uncorrected)  value  for  the  molecular  rise  in  boiling 
point  of  100  grams  of  aniline,  calculated  from  the  experiments  with 
the  three  substances  named  above,  is  83-7,  a  number  which  differs 
considerably  from  that  (32-2)  found  by  Beckmann  in  experiments 
with  triphenylmethane,  diphenylamine,  and  benzanilide  ;  the  dis- 
crepancy, however,  is  probably  due  to  the  difference  in  the  substances 
employed,  and  not  to  a  difference  in  thermometric  or  other  corrections, 
because,  in  the  case  of  phenol,  the  constant  was  found  to  be  prac- 
tically identical  with  that  obtained  by  Beckmann.  For  this  reason, 
the  average  of  the  two  values,  namely  32-9,  was  taken  in  calculating 
the  molecular  weight,  both  in  the  above  experiments  and  in  those  with 
the  hydrocarbon  and  "  tribenzoylenebenzene." 

In  the  case  of  the  phenol  solutions,  the  molecular  rise  in  boiling 
point  was  taken  as  30*4,  as  determined  by  Beckmann,  the  value  cal- 
culated from  the  above  experiments  only  being  30-9. 

Although,  in  the  case  of  the  above-named  substances,  the  concord- 
ance of  the  numbers  obtained  by  this  method  leaves  little  to  be  desired, 
the  experiments  with  the  hydrocarbon  and  "  tribenzoylenebenzene  " 
gave  values  which  differed  from  one  another  very  considerably  ;  this  is 
due  to  the 'unavoidable  increase  in  the  experimental  errors.  The  two 
substances  are  so  sparingly  soluble  that  very  small  quantities  only 
must  be  employed,  and  even  then  solution  takes  place  so  slowly  that 
the  experiment  occupies  a  considerable  time ;  as,  moreover,  the  rise 
in  boiling  point  is  comparatively  very  small,  if  changes  in  the  baro- 
meter or  variations  in  the  gas  pressure  occur  during  the  experiment, 
the  results  may  be  influenced  to  a  very  great  extent.  Even  the 
apparently  simple  process  of  introducing  the  substance  into  the  boil- 
ing tube  is  a  source  of  error  in  determinations  with  substances  such 
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as  those  in  question ;  pastilles,  which  are  so  convenient  in  ordinary 
cases,  cannot  be  employed  as  they  dissolve  so  very  slowly ;  coarse 
powder  and  loose  crystals  are  still  more  objectionable,  as  in  both 
cases  the  substance  sticks  on  the  sides  of  the  boiling  tube,  and  is  not 
thoroughly  washed  down  for  perhaps  10 — 15  minutes.  Under  these 
circumstances  thin,  square,  loosely  packed  masses  are  to  be  recom- 
mended; after  crystallising  from  boiling  aniline  or  phenol  and 
washing  the  crystals  on  a  filter-pump,  the  felt-like  cake  is 
folded  once  or  twice  while  still  damp,  then  cut  into  blocks  of 
the  desired  size  and  dried ;  such  blocks  can  be  introduced  into 
the  boiling  tube  and  pushed  down  into  the  liquid  with  a  platinum 
wire  without  leaving  any  of  the  substance  adhering  to  the  sides. 
Even  then,  however,  there  is  still  a  source  of  error;  small  cakes  of 
the  substance  may  get  carried  to  the  bottom  of  the  tube,  where  they 
remain  for  a  long  time  (although  the  solution  is  not  nearly  saturated) 
and  where  they  cannot  be  seen  except  on  examination  after  the  experi- 
ment is  concluded.*  For  these  reasons  it  was  necessary  to  make  a 
large  number  of  experiments  and  take  the  average  oi  the  results  ;  the 
determinations  were  all  made  in  the  morning,  when  the  gas  pressure 
is  almost  constant,  the  device  suggested  by  Sakurai  (Trans.,  1892, 
61,  986)  being  also  employed  to  obviate  as  much  as  much  as  possible 
any  local  variations. 


Weight  of 
solvent. 


Weight  of 
substance. 


Grams  substance  in 
100  grams  solvent. 


Kise  in  boil- 
ing point. 


M.  W. 


Truxene  (CaB.6)n  =  228  or  342. 


I.   Solvent  aniline. 

0  -1820 
0  0763 
0  -0707 
0-1480 
0  -2.537 
0-1170 
0  -2:i33 
0-1719 
0  -2364 
0  -2364 
0-4401 
0  -2740 
0 -1775 
0-3544 
0-19.36 
0  -3774 
0-1902 
0  -3523 
0  -2542 
0-4613 


Average  . .  377 

*  This  occurred  on  several  occasions,  and  of  course  entirely  vitiated  the  results. 
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0-09^J 
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0-l(J3 
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0-074 

367 

0-134 

387 

0-X17 

388 

0-152 

361 

0-160 

367 

0-275 

398 

0-213 

338 

0-145 

349 

0-290 

348 

0-145 

402 

0-285 

399 

0  140 

412 

0-260 

410 

0  -ir7 

392 

0-376 

374 
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Weight  of 
solvent. 


Weight  of 
substance. 


Grams  substance  in 
100  grams  solvent. 


Rise  in  boil- 
ing point. 


M.  W. 


Truxene  (CsHe)^  =  228  or  342. 
11.   Solvent  phenol. 


12-42 


0 

•2263 

0 

•2636 

0 

•1970 

0 

•3264 

0 

•2340 

0 

•3896 

0 

•1584 

0 

•2935 

•027 
•418 
•616 
•677 
•869 
•112 
•275 
•363 


0 •180" 
0-217 
0^140 
0  223 
0^185 
0^267 
0^113 
0^218 

Average 


342 
339 
351 
365 
307 
355 
343 
329 


"  Tri'benzoylenebenzene  "  (CsHiO)^  =  256  or  384 

I.   Solvent  aniline. 
13  36 


13  71 


0-1393 
0  -2833 
0^3455 
©•3488 


1^042 
2  120 
1^061 
2-544 


0  073° 
0  -140 
0  081 
0-182 

Average 


341 


469 
498 
431 

460 


464^5 


II.  Solvent  phenol. 


11  35 

0 -1644 

1-448 

0  •ogs" 

463 

0  -3076 

2  710 

0^168 

490 

12  43 

©•20i8 

1-647 

0^110 

455 

^, 

0-2925 

2-353 

0-143 

500 

14^97 

0-1823 

:i  -218 

0-083 

446 

» 

0  -3637 

2-429 

0-151 
Average. . . 

489 

474 

Assuming  that  truxene  is  CjvHis,  the  average  value  obtained  in 
aniline  solution  is  about  10  per  cent,  too  high,  whereas  in  phenol 
solution  it  agrees  well  with  the  calculated  molecular  weight ;  this 
difference  can  hardly  be  due  to  experimental  error,  and  is  possibly 
larger  than  it  would  have  been  if  the  constant  for  aniline  had  been 
determined  with  a  greater  variety  of  substances.  There  is  apparently 
no  regular  increase  in  the  deviation  of  the  experimental  from  the  cal- 
culated molecular  weight  with  increasing  concentration,  as,  in  fact, 
could  hardly  be  expected  in  such  dilute  solutions. 

"  Tribenzoylenebenzene, "  which  should  have  the  molecular  weight 
384  if  truxene  be  C27H18,  gives  an  average  value  of  464-5  in  aniline 
and  474  in  phenol  solution ;  the  average  deviation,  taking  the  results 
of  all  the  experiments,  is,  therefore,  about  22  per  cent.  It  would 
seem,  however,  that  even  in  very  dilute  solutions  the  divergence  from 
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tlae  normal  rapidly  increases,  and  to  about  the  same  extent  in  both 
solvents ;  whether  this  is  really  the  case  or  not  cannot  be  stated  with 
confidence,  owing  to  the  magnitude  of  the  experimental  errors,  but 
assuming  that  it  is  so,  the  molecular  weight  in  infinitely  dilute  solu- 
tions may  be  roughly  calculated  to  be  408.  This  value  is  obtained 
by  taking  the  average  rise  in  boiling  point  of  all  the  first,  and  also  of 
all  the  last  determinations  of  each  series  in  aniline  solution  and 
plotting  these  against  the  average  of  the  corresponding  numbers  for 
the  molecular  weight ;  the  same  process  is  then  applied  in  the  case 
of  the  determinations  in  phenol  and  the  mean  of  the  two  values 
taken.  Making  this  correction,  which,  however,  can  only  be  a  very 
rough  approximation,  the  deviation  from  the  theoretical  value  becomes 
only  about  6'4  per  cent.,  so  that  the  results  would  point  decidedly  to 
the  trimolecular  formula. 

Oxidation  of  Truxene. 

The  hydrocarbon  is  slowly  acted  on  by  a  hot  mixture  of  potassium 
dichromate  and  sulphuric  acid,  and  by  a  glacial  acetic  solution  of 
chromic  acid,  being  converted  into  a  deep  yellow  compound ;  after 
boiling  the  pure,  finely  divided  substance  with  the  oxidising  mixture 
for  about  60  hours,  portions  of  the  insoluble  powder  being  examined 
from  time  to  time  under  the  microscope,  crystals  of  the  hydrocarbon 
were  no  longer  visible,  and  the  powder  appeared  to  be  homogeneous. 
It  was  then  separated  by  filtration,  washed  well  with  boiling  water, 
and  dried.  The  deep  yellow  product  was  then  fractionally  extracted 
with  boiling  xylene  in  the  manner  described  in  the  case  of  the  hydro- 
carbon ;  the  yellow  deposits  from  the  second  and  third  extracts  were 
collected  separately,  washed  with  alcohol,  dried  and  analysed. 
I  =  second  extract,  II  =  third  extract. 

I.  0  IG51  gave  051 72  COj  and  0-0527  H,0.     C  =  854 ;  H  =  3-5. 
11.01577      „    0-4918    „       „    00501     „        C  =  85-1 ;  H  =  3-5. 
C9H1O  requires  C  =  84 '4 ;  H  =  3-1  per  cent. 

It  will  be  seen  that  these  results  do  not  agree  very  well  with  the 
theoretical ;  this,  however,  is  doubtless  due  to  the  difficulty  of  com- 
pletely oxidising  the  hydrocarbon  and  of  separating  it  from  the 
oxidation  product,  and  there  is  little  doubt  that  the  composition  of 
the  yellow  substance  is  C9H4O.  Lierbermann  and  Bergami  experi- 
enced the  same  difficulty  in  purifying  their  "  tribenzoylenebenzene," 
their  analyses,  like  these,  indicating  the  presence  of  hydrocarbon. 

This  oxidation  product  seems  to  be  even  more  sparingly  soluble  in 
boiling  xylene  and  nitrobenzene  than  the  hydrocarbon,  and  separates 
from  these  solvents  in  long,  deep-yellow  filaments.  It  shows  no  sign 
of  change  at  300°,  but  when  strongly  heated  it  sublimes  in  orange 
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needles,  apparently  undergoing  decomposition,  or  melts  to  a  yellow 
liquid ;  its  melting  point  seems  to  be  considerably  higher  than  that 
of  the  hydrocarbon,  as,  on  heating  portions  of  the  two  substances  on 
the  bright  surface  of  a  metal-bath,  the  hydrocarbon  liquefied  some 
time  before  its  oxidation  product. 

In  order  to  ascertain  whether  this  yellow  oxidation  product  was 
identical  with  "  tribenzoylenebenzene "  the  latter  was  prepared  by 
heating  phthalic  anhydride  with  ethylic  malonate  and  sodium  acetate 
under  the  conditions  specified  by  Gabriel. 

A  direct  comparison  of  the  compounds  from  the  two  sources  left 
no  doubt  as  to  their  identity.  They  both  crystallised  from  boiling 
nitrobenzene  in  long,  canary-yellow  filaments,  which  to  the  naked 
eye,  as  well  as  under  the  microscope,  were  identical  in  appearance  ; 
portions  of  the  two  samples  melted  practicq,lly  simultaneously  when 
heated  on  a  metal  bath  ;  both  preparations  dissolved  in  concentrated 
sulphuric  acid,  giving  a  brownish-red  solution,  and,  on  adding  water, 
a  light  yellow  fl.occulent  precipitate  was  produced  in  both  cases. 
With  nitric  acid  of  sp.  gr.  1'5,  the  samples  showed  a  slight  diiference 
in  behaviour,  "  tribenzoylenebenzene  "  giving  a  yellow,  the  other  pre- 
paration a  greenish  coloration  ;  this,  however,  was  probably  due  to 
the  (known)  presence  of  hydrocarbon  in  the  latter  sample,  and  may 
therefore  be  disregarded,  especially  as  the  "  tribenzoylenebenzene  " 
showed  the  same  behaviour  when  it  was  mixed  with  a  small  quantity 
of  the  hydrocarbon. 

Actwn  of  Nitrobenzene  on  Truxene. 

In  recrystallising  the  hydrocarbon  from  boiling  nitrobenzene  it 
was  noticed  that,  even  when  the  hydrocarbon  was  practically  pure, 
the  solvent  became  much  darker  in  colour  on  boiling  the  solution  for 
a  short  time,  and  the  crystals  deposited  on  subsequent  cooling  were 
dirty  yellow,  indicating  that  some  decomposition  had  occurred ;  the 
following  experiment  shows  that  the  hydrocarbon  is  slowly,  but  com- 
pletely decomposed  by  boiling  nitrobenzene. 

The  pure  substance,  about  1  gram,  was  dissolved  in  boiling  nitro- 
benzene, about  10  grams,  and  the  solution  immediately  cooled ; 
apparently  the  whole  of  the  hydrocarbon  was  deposited  in  beautiful 
yellow  needles.  After  boiling  for  about  two  hours,  the  solution  was 
i-eddish-brown,  and  only  a  very  small  quantity  of  crystals  separated 
on  cooling,  whereas  after  four  hours  further  boiling  no  crystals  were 
deposited.  On  adding  a  considerable  quantity  of  ether,  a  yellowish- 
brown,  very  bulky  substance  was  precipitated,  and  this,  after  being 
separated  by  filtration,  and  washed  with  ether,  retained  its  original 
form  and  appearance  so  long  as  it  was  covered  with  ether,  but  as 
soon  as  the  latter  evaporated  it  quickly  changed  to  a  black,  sticky 


FROM   PHENYLPROPIONIC   ACID   AND   HYDRINDONE.  2«T 

mass,  tlie  bulk  of  which,  compared  with  that  of  the  original  precipi- 
tate was  very  small ;  this  curious  change  took  place  even  when  the 
brown  precipitate  was  quickly  spread  on  eai-thenware  and  transferred 
to  a  desiccator. 

The  ethereal  nitrobenzene  filtrate  was  shaken  with  soda  and  the 
alkaline  extract  acidified,  but  without  result ;  the  solution  was  there- 
fore dried  and  the  solvents  distilled  off  until  only  2 — 3  c.c.  remained, 
but  no  definite  product  could  be  detected  in  the  residue,  only  traces 
of  a  yellowish  amorphous  substance  being  precipitated  on  adding 
ether.  Even  on  prolonged  boiling  with  aniline,  the  hydrocarbon  is 
partially  converted  into  amorphous  substances,  the  nature  of  which 
was  not  ascertained. 

The  comparatively  rapid  action  of  boiling  nitrobenzene  contrasts 
Very  strongly  with  that  of  boiling  nitric  acid  of  sp.  gr.  1*5  ;  in  the 
latter  case,  although  nitration  probably  occurs  very  soon,  the  hydro- 
carbon seems  to  be  only  slowly  decomposed,  and  one  of  the  products, 
at  least,  is  a  well-defined  compound.  The  behaviour  of  other  hydro- 
carbons with  boiling  nitrobenzene  is  being  investigated. 

Dihromotruxene. 

On  treatment  with  brominp,  the  hydrocarbon  yields  a  substitution 
product  of  the  composition  CgHsBr.  Since  bromination  could  not 
well  be  effected  in  solution,  owing  to  the  slight  solubility  of  the 
hydrocarbon,  1'6  grams  of  the  pure  substance  were  simply  suspended 
in  dry  chloroform;  on  adding  one  drop  of  bromine  a  distinct  reddish- 
brown  coloration  was  produced,  but  after  a  short  time  the  chloro- 
form became  colourless,  and  hydrogen  bromide  was  evolved;  the 
addition  of  small  quantities  of  bromine  was  then  continued  until 
the  brown  coloration  remained  even  after  keeping  for  two  days  in  a 
stoppered  bottle.  The  chloroform  was  then  evaporated  at  ordinary 
temperatures,  and  the  residue  washed  with  alcohol  and  dried;  it 
weighed  2*62  grams,  the  theoretical  yield  being  2*76  grams. 

The  compound  prepared  in  this  way  still  contained  a  certain 
quantity  of  unchanged  hydrocarbon,  and  on  analysis  gave  1  to  2  per 
cent,  of  carbon  too  much  ;  as  recrystallisation  failed  to  get  rid  of  the 
whole  of  this  impurity  a  sample  of  the  bromo-derivative  which  had 
been  recrystallised  was  again  treated  with  bromine  in  the  manner 
described ;  an  analysis  then  gave  fairly  satisfactory  results. 

0-1657  gave  0-3440  CO^  and  0-0428  H,0.     C  =  566 ;  H  =  2-9. 
CgBjBr  requires  C  =  660 ;  H  =  2*6  per  cent. 

This  dibromo-derivative  crystallises  from  boiling  xylene  or  bromo- 
toluene  in  microscopic  needles,  having  a  very  faint  yellowish  ti ngo, 
which  may  be  due  to  impurity ;  it  is  even  more  sparingly  soluble 
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than  the  hydrocarbon,  and,  like  the  latfer,  shows  no  sign  of  change 
at  300°  ;  when  heated  very  strongly  it  slowly  carbonises,  but  nsually 
without  melting.  When  gently  warmed  with  ordinary  concentrated 
sulphuric  acid,  it  shows  the  same  sequence  of  colours  as  the  hydro- 
carbon, probably  owing  to  the  presence  of  the  latter,  as  the  purest 
samples  gave  only  a  very  faint  coloration.  It  is  not  visibly  acted 
on  by  nitric  acid  of  sp.  gr.  1'3  at  the  ordinary  temperature,  but  it 
seems  to  be  slowly  attacked  by  boiling  nitrobenzene,  as  on  recrystal- 
lisation  from  this  solvent  it  is  deposited  in  dark-yellow  needles,  a 
behaviour  similar  to  that  of  the  hydrocarbon. 

Action  of  Nitric  Acid  on  Truxene. 

Nitric  acid  of  sp.  gr.  1*38  acts  only  slowly  on  the  hydrocarbon, 
converting  it  into  a  yellow,  amorphous  substance  of  undetermined 
composition  (compare  p.  279).  Acid  of  sp.  gr.  1"5,  however,  dis- 
solves it  readily  at  ordinary  temperatures  with  a  hissing  noise,  dense 
ruddy  fumes  being  given  off.  If  water  be  added  at  once,  an  orange- 
yellow  compound,  probably  a  nitro-derivative,  is  precipitated. 

Before  the  synthesis  of  the  hydrocarbon  from  hydrindone  had  been 
accomplished,  it  was  sought  to  obtain  some  clue  to  the  constitution  of 
the  compound  by  studying  its  products  of  decomposition.  For  this 
purpose  the  pure  hydrocarbon  (6  grams)  was  dissolved  in  nitric  acid 
of  sp.  gr.  1'5,  and  the  solution  heated  on  a  sand-bath ;  oxidation 
rapidly  set  in,  dense  ruddy  fumes  being  evolved  ;  but,  after  boiling 
for  a  short  time,  the  solution,  which  was  previously  clear,  deposited  a 
small  quantity  of  a  dark  yellow,  crystalline  powder.  After  heating 
for  about  40  hours,  and  adding  fresh  acid  from  time  to  time,  the  solu- 
tion was  decanted  from  the  insoluble  powder  and  diluted  with  water, 
when  a  bulky,  canary-yellow  substance  was  precipitated.  This  yellow 
product  was  separated  by  filtration,  well  washed  with  water,  and 
then  extracted  with  boiling  glacial  acetic  acid,  in  which  it  dissolved 
freely,  leaving,  however,  a  small  quantity  of  a  deep  yellow  powder, 
probably  identical  with  that  separated  from  the  concentrated  nitric 
acid  solution.  The  acetic  acid  extract  was  fractionally  precipitated 
with  water,  and  the  precipitates  washed  with  alcohol,  and  dried. 

Analyses  of  two  samples  of  the  substance  prepared  in  this  way  were 
made. 

I.  0-1515  gave  02814  COj  and  0-0247  H^O. 

01 61 9     „      14*2  c.c.  moist  nitrogen  at  20"  and  760  mm. 
O'^Ooo    ,,     i  /  y    ,,       ,,         ,,  ,,       „       I, 

II.  0-1779     „     0-3321  CO2  and  0-0305  HjO. 

Found  :     I.  0  =  508,  H  =  1-8,  N  =  101  per  cent. 
II.     „      50-9       „     1-9  per  cent. 
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As  these  two  samples  were  obtained  in  two  difPerent  oxidation  ex- 
periments, the  agreement  between  the  analytical  results  indicates  that 
the  substance  is  homogeneous.  Its  composition  may  be  represented 
by  the  formula  Ci8H7(N02)304,  which  requires  C  =  50*8,  H  =  165, 
N  =  9"9  per  cent. 

This  oxidation  product  is  readily  soluble  in  glacial  acetic  acid  and 
in  ethylic  acetate,  being  deposited  from  these  solvents  as  a  brown, 
transparent  gum  on  evaporation  at  ordinary  temperatures.  On  the 
addition  of  alcohol  to  the  solutions,  it  is  precipitated  as  a 
yellow,  amorphous  powder.  It  is  only  sparingly  soluble  in  boiling 
chloroform  and  benzene,  and  insoluble,  or  nearly  so,  in  alcohol,  ether, 
and  water ;  it  dissolves,  however,  in  dilute  solutions  of  sodium  carbon- 
ate, causing  effervescence  and  giving  a  deep  bluish-green  solution, 
from  which  it  is  reprecipitated,  on  the  addition  of  acids,  in  buff- 
coloured  flocks.  It  also  readily  dissolves  in  ammonia  and  in  soda. 
It  has  no  definite  melting  point,  but  turns  brown  at  about  220°,  then 
blood-red,  frothing  up  and  decomposing  at  about  235°.  It  is  readily 
acted  on  by  phenylhydrazine  at  ordinary  temperatures,  heat  being 
developed,  and  a  reddish -brown,  amorphous  substance  being  formed. 

NitrophthaUc  acid. — The  dilute  acid  mother  liquors  from  the  yellow 
nitro-compound  just  described  were  evaporated  to  dryness,  and  the 
pale  yellow  residue  repeatedly  taken  up  with  water  until  free  from 
nitric  acid ;  when  dried  at  100°  it  weighed  8  grams.  This  product 
contained  a  small  quantity  of  some  compound  which  was  soluble  in 
benzene,  but  consisted  for  the  most  part  of  an  acid  insoluble  in  this 
liquid.  On  recrystallisation  from  a  mixture  of  ethylic  acetate  and 
benzene,  it  was  obtained  in  very  pale  yellow  needles  or  prisms,  melt- 
ing at  162 — 163°.     Analyses  of  samples  dried  at  100°  were  made. 

0-1488  gave  0-2468  CO2  and  0-0330  H2O.     C  =  4523  ;  H  =  2-46. 
0-2024     „      12-5  c.c.  moist  nitrogen  at  17°  and  750  mm.    N  =  7-2. 
C«H3(N02)(COOH)2  requires  C  =  45-5  ;  H  =  23 ;  N  =  66  per  cent. 

On  recrystallisation  from  hot  water,  it  was  deposited  in  small 
needles  or  prisms  which  contained  water  of  crystallisation. 

The  silver  salt  was  very  sparingly  soluble  in  boiling  water,  and  de- 
composed very  suddenly  when  gently  heated  ;  for  this  reason,  the 
analyses  came  out  rather  too  low,  namely,  48*9  and  49'4  per  cent,  of 
metal  respectively  instead  of  507  per  cent,  which  is  required  by 
theory.  The  methylic  salt  was  prepared  by  saturating  with  hydrogen 
chloride  a  solution  of  the  acid  in  methylic  alcohol ;  the  oily  product, 
isolated  in  the  usual  manner,  quickly  solidified,  and,  on  recrystallisa- 
tion from  dilute  methylic  alcohol,  was  deposited  in  colourless  needles. 

0-1579  gave  02896  CO2  and  00538  HjO.     C  =  50-0 ;  H  =  38. 
CioH.NOfl  requires  C  =  502 ;  H  =  38  per  cent. 
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It  melted  at  65 — 66°,  and  was  readily  soluble  in  alcohol  and 
ethylic  acetate,  but  only  very  sparingly  soluble  of  insoluble  in  light 
petroleum. 

The  acid  is,  therefore,  a  nitrophthalic  acid,  and  as  it  is  identical 
■with  the  compound  obtained  by  Miller  (Annalen,  208,  224)  and  by 
Hbnig  (Ber.,  18,  3448),  its  constitution  is  [(C00H)2  :  NO^  = 
1:2:4].  The  slight  difference  in  melting  point  (Miller  gives  161") 
is  probably  due  to  a  difference  in  observation  only. 

The  formation  of  nitrophthalic  acid  from  the  hydrocarbon  does  not, 
of  course,  throw  much  light  on  the  constitution  of  the  latter ;  if, 
however,  it  be  "  tribenzylenebenzene,"  it  might  have  been  expected  to 
yield  mellitic  acid,  C6(COOH)6,  on  oxidation  rather  than  nitrophthalic 
acid. 

Chemical  Department, 

Central  Technical  College, 

City  and  Guilds  of  London  Institute. 


XXX. — Contributions  to  our  Knowledge  of  the  Aconite 
Alkaloids.     Part  X.    Further    Observations   on    the 
Conversion  of  Aconitine  into  Isaconitine  and  on  the 
Hydrolysis  of  Aconitine. 
By  Wyndham  R.   Ddnstan,   M.A.,  F.R.S.,  and   Francis   H.  Carr, 
Assistant  Demonstrator  in  the  Research  Laboratory  of  the  Phar- 
maceutical Society. 

In  a  previous  communication  (Part  VI,  Trans.,  1893,  991)  we  have 
shown  that  when  certain  aconitine  salts  are  heated  on  the  water-bath 
in  aqueous  solution,  they  are  very  gradually  changed  into  the  corre- 
sponding salts  of  isaconitine.  Further  experiments  have  proved  that 
this  conversion  may  be  very  rapidly  and  completely  effected  by  heat- 
inor  an  aqueous  solution  of  an  aconitine  salt  in  a  closed  tube  at 
120 — 130°  for  about  three  hours.  The  conversion  of  the  aconitiiie  is 
often  so  complete  that  the  resulting  solution  produces  no  tingling 
sensation  on  the  tongue,  but  now  has  the  extremely  bitter  taste  of 
isaconitine  salts.  The  aconitine  salts  which  answer  best  for  this  pur- 
pose are  the  sulphate  and  the  hydrochloride  in  the  form  of  from  3  to 
5  per  cent,  solutions.  Little  or  no  benzoic  acid  is  formed,  and  the 
solution  is  very  little  coloured.  By  this  means  we  have  been  able  to 
produce  larger  quantities  of  isaconitine  than  has  hitherto  been  possible, 
and  to  further  examine  the  properties  and  constitution  of  this  alkaloid. 
The  observations  recorded  in  our  preceding  contribution  (p.  176), 
which  point  to  the  conclusion  that  aconitine  contains  an  acetyl  group, 


INTO  ISACONITINE  AND  ON  HYDROLYSIS   OP  AOONITINE.      291 

led  us  to  ascertain  whether  acetic  acid  is  separated  in  the  conversion 
of  aconitine  into  "  isaconitine."  We  find  that  is  the  case,  and,  by  dis- 
tilling the  solution  of  the  converted  sulphate  left  in  the  tube,  we  have 
obtained  an  amount  of  acetic  acid  which  corresponds  with  the  loss  of 
one  molecular  proportion  of  acetic  acid  by  one  molecale  of  aconitine. 
The  determination  of  the  amount  of  acetic  acid  liberated  can  also  be 
ascertained  by  titrating  the  acidity  of  the  solution  of  the  sulphate, 
which  was  neutral  before  it  was  heated.  In  this  way,  the  amount  of 
acetic  acid  formed  is  found  to  be  almost  exactly  9*2  7  per  cent,  which 
is  that  corresponding  with  the  equation 

CaaH^NOiz  +  H2O  =  C2H4O2  +  CsiHiaNOn. 

This  pix)ves  that  aconitine  is  acetylhenzoylaconine,  isaoonitiae  being 
benzoylaconine,  as  we  have  previously  shown  by  a  study  of  its  hydro- 
lysis (Part  IV).  When  isaconitine  was  first  obtained  from  the  roots 
of  A.  Napellus,  the  analytical  data  furnished  by  its  combustion  agreed 
well  with  those  afforded  by  aconitine  (see  Part  IV,  Trans.,  1893,  63, 
443). 

The  numbers  were,  for  carbon  61'11  and  61'03  per  cent.,  and  for 
hydrogen  6*96  and  7*15  per  cent.,  whilst  the  percentages  calculated 
from  the  formula  of  aconitine,  033H45N'Oi2,  are  for  carbon  61'25  per 
cent.,  for  hydrogen  6'95  per  cent.  In  concluding  that  aconitine  and 
isaconitine  are  isomeric,  we  relied,  in  addition  to  the  agreement  of 
their  analytical  data,  on  the  fact  that,  when  hydrolysed,  isaconitine 
furnished  aconine  and  benzoic  acid  in  the  same  proportions  in  which, 
according  to  the  observations  of  Wright  and  Luff,  they  are  formed  in  the 
hydrolysis  of  aconitine ;  and  these  observers  found  no  other  acid  than 
benzoic  acid  among  the  hydrolytic  products  of  this  alkaloid.  By 
synthetical  experiments,  too,  Wright  had  apparently  justified  his  con- 
clusion that  aconitine  is  benzoylaconine,  since  he  obtained  what  he 
believed  to  be  benzoylaconitine  by  acting  on  aconine  with  benzoic 
anhydride,  and  in  the  course  of  our  own  enquiry  we  obtained  in  a 
preliminary  experiment,  where  ethylic  benzoate  was  heated  with 
aconine,  a  small  quantity  of  what  seemed  to  be  anhydro-aconitine. 

We  were  now  led  to  repeat  Wright's  experiments  on  the  hydrolysis 
of  aconitine,  and  we  find  that,  besides  benzoic  acid,  a  molecular  pro- 
portion of  acetic  acid  is  invariably  produced,  whether  the  hydro 
lysis  be  effected  by  alkali  or  acid,  or  by  heating  with  water  alone. 

The  hydrolysis  of  aconitine  may  thus  be  brought  about  in  two 
stages.  In  the  first,  which  may  be  effected  by  heating  an  aconitine 
salt  with  water,  acetic  acid  and  what  must  in  future  be  known  as 
benzoylaconine  (isaconitine)  are  formed, 

C33H45NO1,  +  H2O  =  C^H^O^  4-  q.iH43NOu 
Acetylbenzoylacoiiine  Acetic  Benzoylaconine. 

(aconitine).  acid. 

VOL.  LXV.  X 
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In  the  second  stage,  which  may  be  brought  about  by  heating  with 
aqneons  alkalis  or  acids,  the  benzoylaconine  is  resolved  into  aconine 
and  benzoic  acid, 

CaiHisNOn  +  H^O  =  CHeOa  +  C24H39:tfOio 
Benzoylaconine.  Aconine. 

The  demonstration  of  the  correctness  of  the  formula  C31H43NO11  for 
benzoylaconine,  instead  of  C33H45NO12,  which  represents  it  as  an 
isomeride  of  aconitine,  rests  on  the  observation  that  acetic  acid  is 
simultaneously  formed  when  aconitine  undergoes  conversion.  The 
results  of  the  combustion  of  the  alkaloid  agree  almost  as  well  with 
the  one  formula  as  with  the  other,  the  differences  between  the  results 
calculated  from  the  two  formulae  being  extremely  small.  Calculated 
for  CaiHisISrOn,  C  =  61-48,  H  =  710;  for  C33H45:N'Oi2,  C  =  61-25, 
H  =  6-96. 

The  careful  determination  of  the  gold  in  the  remarkable  aurichloro- 
derivative  of  benzoylaconine  has,  however,  enabled  us  to  obtain  con- 
firmation of  the  new  formula.  The  percentage  of  gold  found  (by 
ignition)  is  22-18 ;  whilst  the  percentage  required  by  the  new 
formula  is  22-50,  and  by  the  old  only  21-46. 

Aconine  must  in  future  be  represented  by  the  formula  C24H39N'Oio, 
and  not  by  the  formula  originally  assigned  to  it  by  Wright,  C26H39NOU 
or  C26H4,NOn. 

The  relationships  of  these  three  alkaloids  from  Aconitum  Napellus 
are  therefore  represented  by  the  formulae 

C26H4i]N'Oii,  Aconine. 

Co.6Hio(C6H5'CO)NOii,  Benzoylaconine. 

CaeHsg  (CH3*CO)(C6H6'CO)NOu,  Acetylbenzoylaconine  (aconitine). 

During  the  past  month  we  have  been  engaged  in  an  attempt  to 
obtain  these  two  last-named  alkaloids  from  aconine  by  introducing- 
successively  a  benzoyl  and  an  acetyl  group.  The  results  of  these 
preliminary  experiments  lead  us  to  hope  that  ultimately  we  shall  be 
successful  in  effecting  these  syntheses. 

We  have  also  made  a  series  of  experiments,  which  show  that  the 
estimation  of  the  acetic  acid  liberated  from  a  solution  of  aconitine 
sulphate  of  known  strength,  constitutes  an  accurate  method  for  the 
quantitative  determination  of  this  alkaloid,  and  we  find  that  it  may 
be  applied  to  the  estimation  of  aconitine  in  the  total  alkaloids  of 
Aconitum  Napellus,  since  [aconitine  is  the  only  alkaloid  contained  in 
this  plant  which  furnishes  acetic  acid  under  these  conditions,  A 
detailed  account  of  this  method  will  be  given  in  a  future  communica- 
tion. 

Besearch  Laboratory^ 

Fharmaceutical  Society,  London. 
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XXXL — Examination   of  some   recent   Freezing  Point 

Determinations. 

By  Spencer  Umfreville  Pickering,  F.R.S. 

A  CONSIDERABLE  number  of  freezing  point  determinations  with  weak 
solutions  have  recently  been  made  in  Professor  Ostwald's  laboratory 
by  Mr.  Harry  C.  Jones.  The  unprecedented  degree  of  accuracy 
claimed  for  these  determinations  (0-0001°),  as  well  as  the  importance 
of  the  conclusions  drawn  from  them,  namely,  that  certain  non- 
electrolytes  give,  like  electrolytes,  abnormally  large  depressions, 
render  it  eminently  desirable  that  they  should  be  subjected  to  a 
careful  examination,  a  task  which  Mr.  Jones  has  not  himself  under- 
taken. 

The  results  have  been  published  in  three  sets.  The  first  of  these 
(Zeit.  physikal.  Chem.,  11,  112)  consisted  mainly  of  two  full  series 
with  sodium  chloride,  from  which  the  conclusions  were  drawn  that  the 
values  agreed  fully  with  Kohlrausch's  conductivity  determinations, 
and  that  they  formed  a  regular  curve,  showing  none  of  the  breaks 
which  my  results  indicated  (Ber.,  25,  1315).  In  favour  of  this  con- 
tention, however,  Mr.  Jones  has  adduced  no  evidence  whatever,  and, 
on  examining  his  results  by  deducing  equations  mathematically  from 
the  experimental  values,  I  found  that  they  showed  breaks  at  the  very 
same  points  as,  and  even  more  clearly  than,  my  own  results  did  (Ber., 
26,  1221,  1635,  1977). 

In  publishing  his  subsequent  results,  Mr.  Jones  has  refrained  from 
making  any  statement  as  to  whether  they  form  regular  curves  or  not. 
These  subsequent  results  consist  of  series  with  eight  different  electro- 
lytes, published  in  the  Zeit.  physikal.  Ghem.,  11,  536,  and  series  with 
eleven  other  electrolytes  and  six  non-electrolytes,  published  in  the  same 
journal  (12,  623).*  There  are  generally  about  a  dozen  determina- 
tions in  each  series,  the  depressions  measured  extending  to  0*3°  or 
0-4°. 

The  conclusions  drawn  from  the  determinations  with  electrolytes 
are  confined  to  the  question  as  to  their  agreement  with  Kohlrausch's 
conductivity  values,  and  the  results  are  collected  in  a  table,  in  which 
the  percentage  of  dissociation  indicated  by  the  freezing  points  and 
conductivities  are  calculated  for  certain  strengths. 

The  well-known  calculations  by  which  these  two  properties  are 
connected  were  based  originally  on  the  idea  of  the  "  dissociation  "  of 
the  substances,  but,  as  I  have  shown  (Ber.,  24,  371),  they  would  lead 

*  This  paper  is  reproduced  -without  the  experimental  values  in  the  Phil.  Mag., 
86,  465. 
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to  equally  good  results  on  the  hydrate  theory,  and  in  the  absence  of 
any  real  "  dissociation,"  so  that  an  agreement  between  the  two  sets  of 
values  cannot  be  taken  as  evidence  of  the  correctness  of  either  theory ; 
nor  can  such  an  agreement,  however  perfect,  in  any  way  negative  the 
evidence  in  favour  of  breaks  in  the  freezing  point  curves,  unless  it  be 
first  shown  that  the  conductivity  results  afford  uniform  curves  free 
from  breaks  ;  and  this  has  certainly  not  yet  been  done.  On  comparing 
my  results  with  sodium  chloride  and  sulphuric  acid  with  the  values 
calculated  according  to  Kohlrausch's  conductivity  determinations,  it 
was  found  that  the  agreement  was  very  close  as  far  as  a  depression 
of  about  0'4°,  after  which  the  differences  became  large  ;  but  even  with 
the  first  0*4°  the  agreement  was  not  sufficiently  close  to  be  within  the 
limits  of  the  experimental  error  (Ber.,  25,  1106,  1318,  in  the  case 
of  copper  sulphate,  the  approximate  agreement  not  extending  be- 
yond 0"1°).  Mr,  Jones'  results  with  sodium  chloride  and  sulphuric 
acid,  as  well  as  with  other  substances,  lead  to  precisely  the  same 
conclusions.  The  following  values  are  deduced  from  the  table  which 
be  gives.  The  mean  of  the  differences  between  the  percentages  of 
"dissociation,"  calculated  from  the  freezing  points  and  conductivity, 
is  given  in  the  second  line,  the  first  line  giving  the  strength  of  the 
solutions  to  which  they  apply  (molecules  to  the  litre)  ;  the  third  line 
gives  the  average  values  of  the  depression  measured,  and  the  last 
gives  the  values  in  degrees  represented  by  the  differences  in  the 
second  line.* 

Strength {o'o02}  ^'^^  ^'^^  ^'^^        0-10  mols. 

Difference  in  per  cent. 

-  "  dissociation " 1-5  3-6  4  '1  4-0  5  -2       „ 

Total  depression 0  'OOe"  0  "022°  0  -034°  0  '210°     0  -310° 

Difference  in  degrees ...  0  -00005°  0  -00045°  0  -00062°  0  -0046°  0  -0065° 

It  will  be  seen  that  the  differences  increase  more  or  less  regularly 
with  the  strength  of  the  solution,  and  that  it  is  only  in  the  case  of 
solutions  of  the  extremest  dilution,  where  the  total  depression  is  less 
than  a  hundredth  of  a  degree,  that  the  differences  are  within  the  0'0001° 
which  Mr.  Jones  assigns  as  his  experimental  error  :  with  a  depres- 

*  I  have  omitted  the  results  with  ammonia  as  they  are  somewhat  exceptional, 
the  "  dissociation  "  indicated  by  the  freezing  points  being  only  J — f  of  that  indi- 
cated by  the  conductivity.  The  results  with  acetic  acid  (not  given  in  the  table) 
show  similarly  large  differences  at  certain  strengths.  I  have  recalculated  the  whole 
of  the  results  in  Mr.  Jones'  table,  and  though  the  values  which  I  deduce  from  his 
freezing  points  differ  in  some  instances  from  those  which  he  gives,  the  average 
results  of  the  whole  table  are  practically  identical.  I  may  call  his  attention  to 
three  small  errors  in  his  table  :  /xoo  for  K2SO4  should  be  1275  instead  of  1280,  and 
for  KOH,  2140,  instead  of  2141 ;  also  the  value  calculated  from  the  conductivity  of 
NaOH  of  0  -05  mol.  strength  should  be  92-6  instead  of  90-4. 
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sion  of  about  0*3°,  the  difference  is  65  times  greater  than  this  error, 
and,  if  he  had  carried  his  calculations  further,  he  would,  no  doubt, 
have  found,  as  I  did,  that  the  differences  increased  at  a  rapidly 
increasing  rate. 

Mr.  Jones  points  out  that  the  conductivity  values,  applying,  as 
they  do,  to  solutions  at  a  temperature  of  18°,  could  not  be  expected 
to  agree  perfectly  with  the  freezing  points,  as  the  latter  apply  to  tem- 
peratures below  0°.  This  may  be  very  true,  but,  at  the  same  time, 
such  a  probability  seems  to  render  the  whole  of  these  laborious  com- 
parisons somewhat  futile. 

It  is,  however,  Mr.  Jones'  own  results  with  non -electrolytes 
which  throw  the  greatest  discredit  on  his  results  with  electro- 
lytes. As  he  has  found  depressions  13  to  27  per  cent,  larger  than 
the  normal  in  cases  where  there  is  no  "  dissociation  "  and  no  conduc- 
tivity, it  is  evident  that  such  excesses,  whether  fictitious  or  real,  can- 
not be  due  either  to  electric  conductivity  or  to  "  dissociation." 

Mr.  Jones'  observation,  however,  is  not  altogether  novel.  In  the 
Ber.,  24,  1469,  and  25,  2518,  3434,  I  gave  results  with  seven  non- 
electrolytes  in  aqueous  solutions,  and  ten  in  benzene  solutions,  which 
showed  that  the  values  in  very  weak  solutions  became  appreciably 
larger  than  the  "  normal."  In  the  case  of  aqueous  solutions,  however, 
the  excess  was  not  large,  amounting,  on  the  average,  to  only  3  per 
cent,  at  a  strength  of  0*01  mol.  to  the  litre,  notably  smaller,  therefore, 
than  that  now  found  by  Mr,  Jones,  although  his  observations  were 
made  with  four  of  the  substances  which  I  had  examined.  This  led 
me  to  suspect  some  error  in  Mr.  Jones'  results,  and  one  possible 
source  of  error  I  have  already  suggested  (Phil.  Mag,,  37,  162),  due 
to  the  fact  that  the  ice  separating  from  pure  water,  and  from  very 
weak  solutions,  tends  to  form  on  the  sides  of  the  vessel,  and  thus  to 
allow  the  mass  of  liquid  in  the  interior  to  become  superheated  by  the 
friction  of  the  stirrer  and  by  the  influence  of  the  hotter  air  above  it. 
A  careful  examination  of  Mr.  Jones'  results  confirms  the  view  that  some 
such  error  has  affected  the  values  for  very  weak  solutions,  but  it  will, 
T  think,  appear  that  they  are  also  affected  by  another  error  of  a  much 
more  serious  and  far-reaching  character. 

Before  entering  on  this  point,  however,  it  will  be  necessary  to  indi- 
cate some  of  the  general  characteristics  of  his  results,  and  also  to  refer 
to  the  probable  magnitude  of  his  experimental  error.  That  this  latter 
should  be  necessary  I  much  regret,  for  Mr.  Jones  has  so  persistently 
rung  the  changes  on  the  enormity  of  my  having  published  one  par- 
ticular determination  which  differed  from  his  by  0'002° — Pickering's 
50  per  cent,  error,  as  he  humorously  terms  it — that  anything  which 
I  may  say  as  to  his  error  may  look  like  mere  reciprocation. 

Mr.  Jones  states  that  his  thermometer  could  bo  I'ead  with  certainty 
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to  0*0001°,  and  that  the  greatest  difEerence  ever  noticed  between 
duplicates  was  0'0004°  (Zeit.physikal.  Chem.,  10,  112,  and  Phil.  Mag., 
36,  4*69 ;  in  making  this  statement,  however,  Mr.  Jones  must  have 
overlooked  several  duplicates  in  his  barium  chloride  and  potassium 
sulphate  series,  where  differences  up  to  0"0022°  ai*e  observable).  As 
far  as  can  be  judged  by  the  regularity  of  the  results,  such  an  estimate 
may  be  approximately  cori-ect  in  one  or  two  exceptional  cases  (sodium 
chloride,  for  instance),*  and,  more  generally,  in  the  case  of  the  first 
few  determinations  of  each  series,  where  the  depression  does  not 
exceed  0*05" ;  but  the  average  error  is,  undoubtedly,  much  larger. 
As  the  comparison  of  duplicates  with  solutions  of  exactly  the  same 
strength  is  always  an  uncertain  method  of  estimating  the  experi- 
mental error,  especially  in  cases  in  which  the  results  depend  on  the 
readings  of  very  delicate  thermometers,  a  comparison  of  experiments 
with  solutions  of  nearly,  but  not  quite,  the  same  strength,  leads  to  a 
safer  estimate.  The  three  series,  besides  that  with  sodium  chloride, 
made  in  duplicate  by  Mr.  Jones  contain  several  such  determinations, 
and  they  are  plotted  in  the  accompanying  plates — barium  chloride, 
potassium  sulphate,  and  cane  sugar.  The  scale  there  adopted  is  such 
that  O'OOOl"  is  represented  by  one-fortieth  of  a  small  division  of  the 
paper,  and  is,  therefore,  practically  an  invisible  quantity,  whereas  a 
glance  at  the  figures  is  sufl&cient  to  show  that  the  experimental  error 
is  by  no  means  invisible.  By  measuring  the  differences  between  the 
approximate  duplicates  in  these  three  series,  I  find  the  average  eiTor 
to  be  0-0008°,  0*0007°,  and  0-0134°  respectively,  the  last  one  possibly 
being  excessive  owing  to  the  sample  of  sugar  having  been  different  in 
the  two  cases  (though  the  one  series  is  not  uniformly  above  or  below 
the  other)  ;  further,  by  applying  my  graphic  method  to  the  mean 
results  of  the  two  series  in  the  case  of  barium  chloride  and  potassium 
sulphate,  I  get  0-00114°  and  0*00128°  respectively  as  the  mean  error 
of  the  single  determinations.  The  graphic  method  may  yield  rather 
high  results,  owing  to  the  paucity  of  the  points  and  the  probable 
changes  of  curvature  in  the  [figures,  but,  putting  all  the  estimates 
together,  one  must  conclude  that  the  mean  eiTor  cannot  be  much 
less  than  0-001°.  This  estimate,  it  must  be  remembered,  is  inde- 
pendent of  any  errors  of  constant  or  i^egularly  increasing  magnitude, 
such  as  would  affect  the  whole,  or  any  considerable  part,  of  the  series. 
Mr.  Jones'  determinations  were  made  on  a  scale  six  or  seven  times 
lai-ger  than  mine,  and  his  thermometer,  comparing  the  values  of  equal 
lengths  of  scale,  was  three  times  more  delicate  than  mine,  and  it  is 
instructive,  as  far  as  thermometry  is  concerned,  to  note  that  this 
increase  of  delicacy  does  not  seem  to  have  px-oduced  any  appreciable 

*  See  JBer.,  26,  1223 ;   but  the  experimental  error  there  mentioned  applies  to 
the  mean  deduced  from  two  separate  series. 
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increase  in  the  accuracy  of  the  res.tilts  (except  in  some  particular 
cases,  and  also  generally  for. depressions  less  than  0-05°),  for  the  mean 
error  of  10  of  my  series  of  determinations  with  aqueous  and  benzene 
solutions  gave  000103°,*  a  value  practically  identical  with  the  error 
above  mentioned. 

To  render  a  more  open  scale  practicable  in  [exaniining  Mr.  Jones' 
results,  I  have  subtracted  from  the  depressions  a  constant  multiple 
of  the  strength  of  the  solutions,  the  multiple^ibeing  chosen  so  that 
the  values  at  a  depression  of  0"3°  come  to  nil.  This  is  simply  equiva- 
lent to  drawing  a  straight  line  from  0°  to  a  depression  of  0'3°,  and 
turning  the  diagram  round  till  this  line  becomes  horizontal.  The 
total  depression  being  roughly  proportional  to  the  strength,  the  value 
of  the  former  at  any  point  may  be  easily  judged  by  noting  the  point 
at  which  the  figure  cuts  the  zero  line  (depression  :=  0'3°). 

I  have  not  considered  it  necessary  to  give  the  cumbrous  tables  con- 
taining these  values,  as  any  one  who  requires  them  can  reproduce 
them,  and  I  give  illustrations  of  a  few  only  of  the  results  with  the 
28  substances  examined  (Figs.  I,  II,  and  III,  pp.  298  et  seq.). 

The  first  general  characteristic  which  is  noticeable  is  that  the 
figures  in  most  cases  form  wavy  curves,  continuous  or  otherwise,  all 
bending  below  the  zero  line  as  far  as  a  depression  of  0*3°,  and  again 
bending  downwards  a  little  beyond  0'3° ;  K2SO4,  H3PO4,  HCl,  sugar, 
and  urea  are  among  the  instances  in  point  which  are  given  in  the 
figures.  In  many  cases  also  the  wavy  curve  representing  the  whole 
series  cannot  be  made  to  pass  through  the  zero  point  without  giving 
it  another  slight  inflexion  near  the  zero  end,  though  this  inflexion  is 
too  slight  to  be  shown  in  the  present  illustrations.  Such  a  waviness, 
if  established,  would  imply  a  complexity  in  the  laws  governing  the 
behaviour  of  weak  solutions  hitherto  uncontemplated. 

A  second  general  characteristic,  not  easily  shown  on  the  small 
scale  of  the  diagrams,  is  that  the  very  accurate  results  with  solutions 
up  to  a  strength  of  about  001  mol.  (depression  0"03 — 0'05°),  gener- 
ally all  lie  very  evenly  on  a  curve,  which  is  evidently  not  the  same 
curve  as  that  representing  the  results  with  the  stronger  solutions 
(see  BaClj,  Fig.  I)  ;  in  other  words,  that  there  is  a  well-marked 
break  at  about  0*01  mol.  It  seems  more  reasonable,  however,  to 
attribute  this  peculiarity  to  experimental  error  than  to  conclude 
that  so  many  very  different  substances  should  all  show  a  break 
at  just  about  the  same  point.  The  possible  source  of  en^or,  suggested 
above,  due  to  the  superheating   of  the  liquid,  may  account  for  this 

•  JBer.,  26,  3436.  The  series  with  solutions  of  ether  is  omitted  in  the  above 
estimate,  owing  to  there  being  exceptional  difficulties  and  errors  in  that  case. 
Omitting  two  other  series  where  the  error  is  exceptionally  large,  the  mean  becomes 
reduced  to  OOOOTG". 
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Fig.  I. 
Dep.  —  xm.  Molecules  to  the  litre  =  »«, 
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The  marginal  values  on  the  left  refer  to  the  top  figure  only,  but  all  the  figures  are  drawn  to  the 

same  scale. 


feature  ;  or,  again,  it  may  be  due  to  some  error  in  manipulation,  for 
it  occurs  at  the  point  where  an  alteration  seems  to  have  been  made 
in  the  method  of  procedure,  where  the  quantities  of  strong  solution 
added  to  the  liquid  used  in  the  previous  experiment  were  suddenly 
increased  (?  from  5  to  40  c.c),  and  where  a  different  pipette  was 
probably  used  to  measure  these  additions.*  In  the  case  of 
the  six  acids  examined,  acetic  acid  perhaps  excepted,  it  is  notice- 
able that  the  results  in  this  extreme  region  lie  very  uniformly 
on  two  straight  lines  instead  of  on  a  curve.  This  is  just  visible  in 
the  small  diagram  in  the  case  of  hydrogen  chloride,  and  is  easily 
visible  in  that  of   sulphuric  acid.     As  this  peculiarity  seems  to  be 

*  The  very  marked  manner  in  which  Mr.  Jones'  results  bore  out  my  own 
in  showing  a  break  in  the  case  of  sodium  chloride  in  this  region  may  hare  been 
adTentitiously  exaggerated  by  this  fictitious  break,  if  fictitious  it  be. 
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confined  to  the  acids,  it  is  difficult  to  attribute  it  to  mere  experimental 
error. 

Just  as  this  minor  peculiarity  seems  to  be  restricted  to  one  class  of 
compounds,  the  acids,  so  other  peculiarities  are  found  in  other  com- 
pounds nearly  related  to  each  other.  The  very  peculiar  results  with 
sodium  carbonate  have  a  counterpart  in  those  with  potassium  carbon- 
ate ;  the  results  in  the  case  of  the  three  haloid  salts  of  cadmium  are 
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very  similar  in  character,  as  also  are  those  of  potash  and  soda,  and 
those  of  cane  sugar  and  glucose,  whilst  the  depressions  in  the  case  of 
sodium  chloride,  potassium  chloride,  and  ammonium  chloride  are 
almost  identical  throughout. 

Another  marked  feature  of  Mr.  Jones'  results  is  the  important 
indications  which  they  afford  of  the  existence  of  irregularities  and 
breaks  in  many  of  the  cases  investigated.  The  application  of  a  lath 
to  most  of  the  series  (the  curves  given  in  the  illustrations  are  all 
bent  lath  curves)  will  make  it  apparent  that  they  cannot  be  repre- 
sented by  continuous  curves  without  attributing  to  the  experimental 
points  errors'  of  altogether  unreasonable  naagnitude,  and  that  a 
mathematical  formula  adequately  representing  them  would  have  to 
contain  an  inadmissably  large  number  of  constants. 

The  results  with  sulphuric  acid  are  particularly  remarkable,  as, 
owing  to  the  evidently  rectilinear  character  of  the  portion  up  to 
0"0355  mol.,  and  the  regularity  with  which  the  experiments  from 
this  point  up  to  0*1  mol.  lie  on  a  simple  curve,  it  is  impossible  to 


Fie.  IV. — Deviation  of  the  Freezing  Points  of  Weak  Solutions  of  Sulphuric 
Acid  from  the  Line  of  Minimum  Depression. 
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represent  them,  otherwise  than  has  been  done  in  the  figure :  to  me 
they  were  of  especial  interest,  inasmuch  as  I  had  investigated  this 
acid  a  few  years  ago  (Trans.,  1890,  57,  64,  331),  and  that  Mr.  Jones 
was  apparently  in  ignorance  of,  and,  therefore,  quite  uninfluenced  by, 
my  results.  In  this  Journal  (Trans.,  1890,  57,  357)  I  gave  a  diagram 
of  my  results,  depicted  in  a  manner  similar  to  that  here  adopted. 
This  diagram  is  here  reprinted  (Fig.  IV),  the  portion  of  it  re-examined 
by  Mr.  Jones  being  that  up  to  1*1  per  cent.  To  facilitate  a  comparison 
of  the  two  figures,  I  have  reproduced  mine — or  rather  the  results  of 
the  second  and  most  accurate  of  the  two  series  which  I  made — 
immediately  below  Mr.  Jones'  results,  and  have  plotted  them  in 
exactly  the  same  way  as  his  (AB,  Fig.  II,  p.  299).*  A  glance  at  these 
two  figures  will  show  that,  as  i-egards  their  main  features,  they  are 
practically  identical,  and  not  only  that,  but  Mr.  Jones'  results  show 
the  existence  of  exactly  the  same  bi-eaks  as  mine  did.  My  results 
showed  a  well-marked  break  at  0'007  mol.,  Mr.  Jones'  show  a  well- 
marked  one  at  0"006 ;  mine  showed  another  well-marked  break  at 
0*036  mol.,  Mr.  Jones'  shows  a  similar  one  at  0'0355 ;  mine  showed  a 
•weaker  break  at  0*083  mol.,  Mr.  Jones'  indicate  the  probability  of 
there  being  a  weaker  break  at  about  0*097  mol.,  though  there  are  not 
enough  experimental  points  to  prove  its  existence. f  There  are,  it  is 
true,  some  slight  discrepancies  between  our  results,  but  they  are  far 
from  being  of  any  importance ;  the  slight  curvature  shown  by  my 
results  from  0  to  0*007  would  very  probably  not  appear  in  Mr.  Jones' 
results,  owing  to  their  paucity  in  this  region,  whilst  the  different 
inclination  shown  by  the  line  from  0*007  to  0*036  in  the  two  cases, 
and  the  curved  instead  of  rectilineal  nature  of  the  next  section,  will 
shortly  be  shown  to  be  fictitious,  and  not  real,  differences. 

Indeed,  it  was  this  last-mentioned  difference,  together  with  that  be- 
tween our  values  for  various  non-electrolytes,  which  led  me  to  examine 
Mr.  Jones'  results  more  critically.  In  Fig.  Ill  (p.  300),  I  give  his 
results  with  sugar,  alcohol  and  urea ;  those  obtained  by  him  with  phenol, 
glucose  and  propyl  alcohol  exhibit  a  similar  wavy  character.  On  plot- 
ting out  my  results  with  the  four  first- mentioned  of  these  substances 
(Ber.,  24,  3429 ;  25,  1854,  2519),  I  was  surprised  to  find  that  none  of 
them  exhibited  any  trace  of  this  wavy  character.  My  results  with 
sugar  and  alcohol  are  given  below  Mr.  Jones'  in  Fig.  Ill,  AB  and  CD. 
My  sugar  results  showed  one  break  in  these  regions,  but  the  whole 
series  formed  a  figure  curving  uniformly  in  one  direction ;  my  re- 

*  The  values  for  m  in  the  case  of  this  series  of  mj  results  are  given  in  the  Ber., 
25,  1106. 

t  My  first  series  gave  the  position  of  this  break  as  0  "104  mol.,  the  mean  of  the 
two  series  as  0  '093  mol.,  a  value  almost  identical  with  that  suggested  by  Mr, 
Jones'  results. 
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suits  with  alcoliol  formed,  with  the  possible  exception  of  the  values 
for  extremely  dilute  solutions,  a  figui-e  which  is  not  only  uniform,  but 
is  very  nearly  a  straight  line  (constant  molecular  depression),  and 
similarly  in  the  case  of  urea  and  phenol,  my  i-esults  gave  simple 
curves  without  breaks  on  inflexion,  whereas  his  are  eminently 
complex.  Now  when  we  take  a  broad  view  of  the  case,  and 
compare  the  relative  regularity  and  uniformity  of  these  results 
with  the  extraordinary  complex  character  exhibited  by  Mr.  Jones', 
we  must,  I  think,  recognise  that  there  is  a  strong  prima  facie 
probability  in  favour  of  mine  being  the  more  correct ;  at  any  rate, 
the  existence  of  complexity  where  others  have  found  simplicity 
requires  to  be  established  by  something  more  than  the  bare  claim  to 
excessive  accuracy. 

From  the  very  first,  Mr.  Jones'  curves  seemed  familiar  to  me,  like 
old  friends  whose  names  I  had  forgotten,  and  eventually  the  reason 
of  this  flashed  across  me  as  I  happened  to  cast  my  eye  on  the  calibra- 
tion curves  of  some  of  my  thermometers ;  such  figures  as  these  are 
just  what  Mr.  Jones  might  have  obtained  had  he  forgotten  to 
calibrate  his  thermometer,  or  if  he  had  trusted  to  the  rough  calibra- 
tion sometimes  performed  by  the  maker  before  the  instrument  is  com- 
pleted. Mr.  Jones,  it  is  true,  tells  us  that  his  thermometer  was  very 
carefully  calibrated,  but  he  does  not  say  how,  and  in  the  case  of  a 
very  delicate  thermometer  of  the  Beckmann  type,  such  as  Mr.  Jones' 
appears  to  be,  in  which  the  capillary  with  a  separate  scale  is  enclosed 
in  an  outer  tube,  the  separation  of  a  thread  of  mercury,  and  the  sub- 
sequent calibration,  must  be  a  matter  of  extreme  difficulty ;  indeed,  I 
am  at  a  loss  to  know  how  it  can  be  done  at  all.  The  calibration  of 
such  an  instrument  before  the  bulb  is  attached  would  be  a  matter 
of  still  greater  difficulty. 

To  investigate  this  suggestion,  it  was  first  necessary  to  ascertain 
whether  the  difierences  between  our  results  were  of  the  same  sign 
and  magnitude  at  given  temperatures,  whatever  substance  happened 
to  be  under  examination.  For  this  purpose  I  calculated  the  strength 
of  Mr.  Jones'  solutions  which  gave  a  depression  of  0'05°,  0*15°,  0'2°, 
0'3°,  and  O'SS",  in  the  eight  cases  available  (w  in  Table  I),  and  then 
calculated  the  depression  which  was  recorded  for  these  solutions  by  my 
results.  The  differences  are  given  in  the  last  three  columns  of  Table  I. 
The  first  of  these  contains  the  actual  differences,  the  second  the  per- 
centage differences,  and  the  last  the  percentage  differences  also,  but 
with  all  the  values  raised  or  lowered  so  as  to  make  the  difference  at 
0'3°  =■  0.  To  obtain  the  depression  at  a  given  strength  (or  the 
strength  at  a  given  depression)  the  values  were  calculated  from  the 
determinations  with  the  next  stronger  and  next  weaker  solutions, 
assuming  that  the  depression  varied  proportionately  to  the  strength. 
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More  accurate  results  would  have  been  obtained  by  taking  readings 
from  the  curves,  but  mistaken  objections  might  possibly  have  been 
raised  against  this  method. 

In  order  to  express  my  values  for  urea  and  phenol  as  molecules 
per  litre,  the  following  relative  density  determinations  were  made 
and  applied  to  the  percentage  strength,  which  in  these  two  cases  were 
alone  given  in  my  former  papers. 

Fhenol.  Urea. 


Per  cent. 

3-0618 
1-6169 

Eel.  den.  at  15°. 
1-00297 
1-00167 

r 
Per  cent. 

2-4307 
0-6826 

Eel.  den.  at  15°. 
1-00672 
1-00188 

Looking  at  the  last  column  Table  1  (pp.  306-7),  which  gives  there- 
suits  in  the  most  easily  comparable  form,  it  will  be  seen  that,  although 
some  discrepancies  as  to  actual  magnitude  exist,  the  differences 
between  our  results  are  of  the  same  character  at  the  various 
temperatures  :  these  differences  are  all  positive  (that  is,  Mr.  Jones' 
results  give  the  greatest  depression)  between  0°  and  0-3°,  and  posi- 
tive again,  though  very  small,  at  0-35°  ;  also  the  differences  at  0-2° 
are  rather  small,  those  at  0-15°  and  0-05°  being  notably  larger.  The 
only  conspicuous  exception  to  this  general  rule  is  in  the  case  of  sulph- 
uric acid  at  0-05°.  All  the  values  form  a  wavy  curve  of  which 
the  highest  (or  lowest)  point  is  situated  at  about  0-3°,  and,  looking  at 
the  actual  differences,  we  see  that  the  maximum  positive  error  is 
situated  at  about  0-15°  ;  it  is  just  such  a  correction,  both  as  regards 
sign  and  position  of  maximum  and  minimum,  which  is  required  to 
reduce  Mr.  Jones'  wavy  results  to  simplicity.  The  mean  values 
deduced  from  the  above  table  are  given  in  Table  V, 

It  is  of  course  open  to  Mr.  Jones  to  say  that  this  wavy  difference 
curve  is  due  to  the  error  of  my  thermometer  and  not  of  his.  The 
answer  to  this  is  simple,  "Whose  results  are  wavy  :  his  or  mine  ? 
If  the  true  results  are  really  wavy,  what  are  the  chances  against  my 
having  made  an  oppositely  wavy  error  so  nicely  adjusted  as  to 
counterbalance  their  waviness,  and  reduce  them  to  non-waviness  and 
regularity  ?  Besides,  an  almost  conclusive  answer  to  any  such  sug- 
gestion is  found  in  the  fact  that  I  used  two  different  thermometers  in 
my  experiments ;  in  the  case  of  sodium  chloride,  alcohol  and  the  first 
series  of  sulphuric  acid,  I  used  one  thermometer ;  in  the  case  of  sugar, 
urea,  phenol  and  the  second  series  of  sulphuric  acid,  I  used  another. 

Wishing,  however,  to  obtain  further  evidence  as  to  the  accu- 
racy of  these  conclusions,  I  made  a  similar  comparison  between 
Mr.  Jones'  values  for  sugar  and  those  by  Raoult  (Zeit.  physiJcal.  Chem., 
ii,  491),  which  Mr.  Jones  characterises  as  "probably  the  most 
accurate  hitherto  made."     These  were  found  (Tables  II  and  V)   to 
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attribute  to  Mr.  Jones'  results  a  wavy  error  of  precisely  the  same 
character  as  mine  had  done. 

Some  recent  determinations  by  Loomis  (Ber.,  26,  797)  with 
six  different  substances  were  also  found  available  for  the  same  pur- 
pose. The  actual  magnitude  of  the  depressions  given  by  Loomia 
appear  in  most  cases  to  be  obviously  much  too.  small,  as  if  some 
mistake  had  been  made  either  in  the  strengths  of  the  solutions  or  in 
the  value  of  the  scale  divisions  of  his  thermometer,  but,  otherwise, 
they  appear  to  be  very  accurate  and  regular.  By  expressing  the 
differences  as  percentages  with  that  at  0*3"  =  0  (Table  III,  p.  308,  last 
column),  we  obviate  the  consequences  of  the  erroneous  magnitude  of 
the  depressions,  and  it  becomes  easy  to  see  that  they  attribute  to 
Mr.  Jones'  values  a  wavy  error  of  exactly  the  same  character  aa 
Raoult's  and  my  results  did  (mean  results  in  Table  V,  p.  312).  Both 
Raoult's  and  Loomis'  results  with  sugar,  and  Loomis'  with  alcohol^ 
when  plotted  out  as  in  Fig.  Ill,  form  figures  almost  identical  with 
those  representing  my  own  results  in  that  plate. 

To  accumulate  yet  more  evidence,  I  turned  to  Kohlrausch's  con- 
ductivity determinations,  and  compared  the  values  of  the  freezing 
points  calculated  from  them  with  those  found  by  Mr.  Jones.  Thirteen 
cases  were  available  for  this  comparison,  and  the  results  obtained 
from  them  are  given  in  Table  IV,  /t  being  the  conductivity  of 
the  solution  in  question,  /n^^  that  of  a  similar  solution  of  infinite- 
dilution,  and  i  the  number  of  molecules  and  ions  present  for  each 
molecule  of  substance  dissolved.  As  Mr.  Jones  pertinently  remarks, 
we  cannot  expect  to  find  perfect  agi'eement  between  the  conductivities 
and  freezing  points,  and  differences  in  the  individual  cases  will  not 
surprise  us  ;  even  in  the  mean  results  we  should  expect  values  some- 
what different  from  those  obtained  from  a  comparison  of  the  freezing 
points ;  but  though  such  differences  may  be  noticed  as  far  as  the 
actual  magnitudes  are  concerned,  the  general  character  of  the  results, 
as  well  as  the  mean  deduced  from  them  (given  in  Table  V),  is  similar 
to  those  in  the  other  cases,  and  they  attribute  an  error  of  a  wavy 
character  to  Mr.  Jones*  results  with  a  maximum  4-  value  at  0"15°. 

The  concordance  of  evidence  thus  derived  from  four  independent 
sources  must  be  sufficient  to  prove  that  Mr.  Jones'  results,  as  far,  at 
any  rate,  as  the  actual  magnitude  of  the  depression  and  the  waviness 
which  they  exhibit  are  concerned,  are  entirely  erroneous.  The  error 
in  the  magnitude  of  the  depressions  given  by  him  varies,  according 
to  my  results,  from  +0-006°  at  0-15°  to  -0005°  at  0-35°— total 
O'Oll ;  whilst,  according  to  Raoult's  results,  his  errors  would  be  of 
double  this  magnitude.  For  the  reasons  above  given,  it  would  not 
be  fair  to  quote  the  actual  magnitude  attributed  to  his  error  by 
Loomis'  and  Kohlrausch's  results. 
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The  question  remains  whether  this  error  will  entirely  do  away  with 
the  evidence  which  the  results  afford  as  to  the  existence  of  breaks. 
This  must  depend  on  whether  in  his  error  curve  itself,  there  are 
marked  irregularities,  and  whether  any  breaks  which*exist  in  the 
true  results  are  very  much  more  marked  than  these  'irregularities 
(if  there  are  any).  The  fact  that  the  breaks  suggested  by  his 
results  do  not  come  at  the  same  temperatures  in  different  cases 
tends  to  show  that  they  are  not  attributable  to  the  errors  of  his 
thermometer.  I  have  also  examined  those  of  his  results  which  seem 
to  show  marked  breaks  by  applying  to  his  observations  the  correc- 
tions given  by  the  mean  values  quoted  in  Table  V,  and 'I  have  not 
found  that  the  breaks  are  thereby  obliterated,  though  Jthe  character 
of  the  constituent  curves  is  considerably  modified.  I  need  only 
give  one  illustration  of  these  results — that  of  sulphuric  acid,  where  in 
taking  the  mean  correction  curve  the  values  deduced  from  the 
sulphuric  acid  series  themselves  were  omitted.  The  corrected  values 
are  plotted  out  in  Fig.JII,  CD  (p.  299),  and  from  this  it  will  be  seen  that 
the  correction  has  by  no  means  obliterated  the  breaks,  but  what  it  has 
done  is  to  make  Mr.  Jones'  results  no  longer  merely  similar  to  my 
own  (AB)  but  practically  identical  with  them,  and  a  striking  con- 
firmation is  thus  afforded  of  the  peculiarities  which  these  results 
exhibited  according  to  my  determinations. 

Table  I. — Gomparison  of  Mr.  Jones'  Determinations  toitJi  Pickering^s. 


Depression. 

Difference. 

m. 

Per  cent., 

Jones. 

Pickering,^ 

Actual. 

Per  cent. 

taking  diff. 
at  0-3-'= 0. 

Sodium  Chloride. 

0  -0139 

0-05° 

0  -0486° 

+  0-0014° 

+  2-8 

+  4-9 

0-0425 

0-15 

0  -1500 

0 

0 

+  2-1 

0-0570 

0-20 

0-2030 

-0  -0030 

-1-5 

+  0-6 

0  -0861 

0-30 

0  -2937 

-0  -0063 

-2-1 

0 

0 -1007 

0-35 

0  -3510 

-0  -0010 

-0-3 

-rl-8 

Sulphuric 

acid  {Pickering's  First 

Series). 

0  -0106 

0-05° 

0  -0524° 

-0  -0024° 

-5-0 

-3-9 

0  -0338 

0-15 

0-1487 

+  0  '0013 

+  0-8 

+  1-9 

0  -0475 

0-20 

0  -1998 

+  0-0002 

+  0-1 

+  1-2 

0 -0750 

0-30 

0  -3032 

+  0  -0032 

-1-1 

0 

0  -0883 

0-35 

0-3507 

-0-0007 

-0-2 

+  0-9 

Sulphuric 

acid  {Pickering's  Second 

Senes). 

0-0106 

0-05° 

0  -0507° 

-0-0007° 

-1-4 

+  0-8 

0  -0338 

0-15 

0-1482 

+  0-0018 

+  1-2 

+  3-4 

0  -0475 

0-20 

0 -2010 

-0-0010 

-0-5 

+  1-7 

0-0750 

0  30 

0  -3067 

-0-0067 

-2-2 

0 

0  -088.3 

0-35 

0-3536 

.  -0-0036 

-1-0 

+  1-2 
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Depression. 

Difference. 

«I. 

Per  cent., 

Jones. 

Pickering. 

Actual. 

Per  cent. 

taking  diff. 
at  0-3"  =  0. 

Cane  Sugar  (^Jones'  First  Series). 

0  -0228 

0-05° 

0  -0397° 

+  0-0103" 

+  20-6 

+  23-9 

0  0715 

015 

0-1432 

•i-  0  -0068 

+    4-5 

+    7-8 

0  1021 

0-20 

0  -2054 

-0-0054 

-   2-7 

+   0-6 

0  -1521 

0-30 

0  -3099 

-0-0099 

-   3-3 

0 

0  1751 

0-25 

0-3604 

-0-0104 

-  3-0 

+   0-3 

Cane  Sugar  (Jones'  Second  Series.) 

0  -0220 

0-05° 

0  -0431° 

+  0-0069° 

+  13-8 

+  17-6 

0  0722 

0  15 

0  -1446 

+  0-0054 

+    3-6 

+   7-4 

0  -1015 

0-20 

0  -2042 

-0-0042 

-  2-1 

+   1-7 

0  -1528 

0-30 

0-3114 

-0-0114 

-   3-8 

0 

0  -1761 

0-35 

0  -3626 

-0-0126 

-  3-3 

+  0-5 

Ethylic  Alcohol. 

0  -0242 

0-05° 

0  -0453° 

+  0-0047° 

+  9-4 

+  10-2 

0  -076B 

0-15 

0-1437 

+  0-0063 

+  4-2 

+    5-0 

0-1031 

0-20 

01953 

+  0-0047 

+  2-4 

+   3-2 

0  -1608 

0-30 

0  -3025 

-0  0025 

-0-8 

0 

0-1872 

0-35 

0  -3526 

-0  -0026 

-0-7 

+   0-1 

Urea. 

0  0232 

0  05° 

0  -0449° 

+  0-0051°' 

+  10-2 

+  11-2 

0  -0743 

0-15 

0  -1430 

+  0  -0070 

+   4-7 

+   5-7 

0  -1049 

U-20 

0  -2046 

-0-0046 

-   2-3 

-   1-3 

0  1585 

0-30 

0 -3030 

-0  0030 

1       -   1-0 

0 

0-1860 

0-35 

0 -3567 

-0  -0067 

1       -   1-9 

-  0-9 

Phenol. 

0  -0236 

0-05° 

0 -0467° 

+  0  -0033° 

+   6-6 

+    8-2 

0 -0693 

0  -15 

0-1315 

+  0-0J85 

-t-12-3 

+  13-9 

0 -1041 

0-20 

0-1990 

+  0-0010 

+    0-5 

+    2-1 

0-1652 

0-30 

0  -3048 

-0  0048 

-    1-6 

0 

0-1939 

C  -35 

0  -3539 

-0  -0039 

-    1-1 

+   0-5 

TAiJtE  II. — Comparison   of  Mr.    Jones'    Besults  (Second   Series)    with 
Cane  Sugar  with  those  of  Raoult. 


Depression. 

Difference 

m. 

Jones. 

Raoult. 

Actual. 

Per  cent. 

Per  cent.,  taking 
diff.  at  0-3°  =  0. 

0  -0220 
0  0722 
01015 
0  -1528 

0-05° 
0-15 
0-20 
0-30 

0  -0461° 
0  1383 
0-2000 
0 -3127 
0-3617 

+  0-0039° 
+  0-0117 

0 
-0-0127 
-0  0117 

+  7-8 
+  5-8 

0 
-4-2 
-3-3 

+  12-0 

+  10-0 

+    4-2 

0 

0  -1761 

0-35 

+    0-9 
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Table  III. — Comparison  of  Mr.  Jones'  Results  with  Loomis'. 


Dppr€ 

ssion. 

Difference. 

m. 

Jones. 

Loomis. 

Actual. 

Per  cent. 

Per  cent.,  taking 
dife.  at  0-3° =0. 

Sodium  Chlorid 

e. 

0  -0139 

0-05° 

0  -0504° 

-0-0004° 

-0-8 

-0-4 

0  -0425 

0-15 

0-1564(?) 

-0-0064 

-4-3 

-3-9 

0  -0570 

0-20 

0-2011 

-0-0011 

-0-6 

-0-2 

0  -0861 

0-30 

0-3011 

-0-0011 

-0-4 

0 

0-1007 

0-35 

0-3521 

-0  -0021 

-0-6 

-0-2 

Stdphuric  acid 

0  -0106 

0-05° 

0  -0474° 

+  0-0026° 

+  5-2 

+  5-8 

0  0338 

0-15 

0-1416 

+  0-0084 

+  5-6 

+  6-2 

0 -0475 

0-20 

0  -1966 

+  0-0034 

+  1-7 

+  2-3 

0  -0750 

0  30 

0-3017 

-0-0017 

-0-6 

0 

0  -ossa 

0-35 

0  -3523 

-0-0023 

-0-7 

-0-1 

Fhosphoric  acid 

0-0166 

0-05° 

0  -0365° 

+  0-0135° 

+  27-0 

+  6-1 

0  -0557 

0-15 

0-1104 

+  0  -0396 

+  26-4 

+  5-5 

0  -0802 

0-20 

0  -1536 

+  0-0464 

+  23-4 

+  2-5 

0  -1293 

0-30 

0  -2382 

+  0-0628 

+  20-9 

0 

0  -1510 

0-35 

0-2751 

+  0 -0749 

+  21-4 

+  0-5 

Cm 

ie  Sugar  (Jones'  Secon 

d  Series). 

0  -0220 

0-05° 

0 -0393° 

+  0  -0107° 

+  20-1 

+  18-2 

0-0722 

0-15 

0  -1349 

+  0-0151 

+  10-1 

+    8-2 

0-1015 

0-20 

0  -1927 

+  0  0073 

+   3-7 

+   1-8 

0-1528 

0-30 

0  -2943 

+  0  -0057 

+   1-9 

0 

0  -1761 

0-35 

0 -3424 

+  0  -0076 

+   2-2 

+   0-3 

Alcohol. 

0  -0242 

0-05° 

(0-0247)° 

(4  0-0253°; 

(  +  50-6) 

(  +  48-6) 

0  -0766 

015 

0-1389 

+  0-0111 

+   7-4 

+    5-4 

0  1031 

0-20 

0  -1881 

+  0-0119 

+   6-0 

+   4-0 

0  -1608 

0-30 

0  -2941 

-»■  0  -0059 

+   2-0 

0 

0  -1872 

0-35 

__ 





Urea. 

0-0232 

0-05° 

0 -0389° 

+  0  -0111° 

+  22-2 

+  19-0 

0  -0743 

0-15 

0-1352 

+  0-0148 

+  29-6 

+  26-4 

0  -1049 

0-20 

0  1913 

+  0-0087 

+   4-4 

+   1-2 

0-1585 

0-30 

0  -2903 

+  0  -0097 

+    3-2 

0 

0  -1860 

0-35 

0-3411 

+  0  -0089 

+   2-5 

-  0-7 

I 
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XII. — Behaviour  of  the  more  Stable  Oxides  at  High 
Temperatures.     Part  II. 
By  A.  A.  Read,  Research  Student,  The  Owens  College. 

Some  time  ago  (Trans.,  1890,  57,  269),  Bailey  and  Hopkins  published  a 
short  paper,  in  which  it  was  shown  that  when  cupric  oxide  is  exposed 
in  an  oxidising  atmosphere  to  a  temperature  of  1500°  to  1700°,  it 
yields  up  a  large  portion  of  its  oxygen,  and  is  transformed  into  a 
brown  oxide,  having  the  composition  CuaO, 

As  so  few  observations  have  been  made  on  the  temperature  at 
which  the  more  stable  oxides  (those,  for  instance,  that  withstand 
exposure  to  the  ordinary  blow-pipe  flame)  undergo  decomposition,  I 
have  subjected  most  of  these,  under  as  nearly  as  possible  the  same 
conditions,  to  a  temperature  just  sufi&cient  to  melt  platinum,  and 
which  may,  therefore,  be  taken  as  approximately  1750°.  Although 
many  of  the  oxides  fused  or  changed  colour  at  this  temperature, 
apparently  without  undergoing  any  noticeable  decomposition,  yet  in 
the  case  of  several,  oxygen  was  evolved,  and  I  have  thus  been  able  to 
carry  to  a  higher  limit  the  record  of  the  dissociation  temperature  of 
oxides.  The  results  must  be  regarded  as  approximate,  but,  at  the 
same  time,  sufficiently  accurate  to  admit  of  an  estimate  being  formed 
of  the  relative  stability  of  the  oxides,  taking  the  temperature  of 
dissociation  as  an  index  of  stability. 

Method  of  Experiment. — A  small  quantity,  usually  between  O'l  and 
0*2  of  a  gram,  of  the  oxide  was  placed  in  a  small  lime  crucible  and 
exposed  to  the  extreme  tip  of  the  oxidising  flame*  of  an  oxy-coal  gas 
flame ;  where  decomposition  occurred,  the  bubbles  of  oxygen  were 
seen  to  be  given  ofE  freely  from  the  oxide,  and  the  heating  was  con- 
tinued until  the  disengagement  of  gas  ceased.  The  product  was  then 
allowed  to  cool  down  in  an  atmosphere  of  nitrogen,  transferred  to  a 
crucible,  and  weighed.  It  was  then  heated  over  the  Bunsen  flame, 
with  access  of  air,  sometimes  after  adding  nitric  acid,  so  as  to  recon- 
vert it  into  the  higher  oxide,  when  it  was  again  weighed,  the  increase 
in  weight  indicating  the  amount  of  oxygen  taken  up,  and,  indirectly, 
the  amount  which  had  been  evolved  during  the  exposure  to  the  oxy- 
coal  gas  flame.  The  method  of  analysis  involved  no  transfer  of 
material  between  the  weighings,  and  was  altogether  so  simple  that  it 

*  In  order  to  be  fully  satisfied  that  the  change  was  not  due  to  reduction,  I  made 
numerous  experiments  with  oxides,  such  as  litharge  and  sesquioxide  of  bismuth, 
which  are  easily  reducible,  but  which  showed  themselves  stable  in  an  oxidising  at- 
mosphere at  high  temperatures.  In  no  case  was  there  the  slightest  indication  of 
loss  of  oxygen  by  exposure  to  the  oxy-coal  gas  flame  under  the  conditions  indicated* 
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was  possible  to  rely  on  the  accuracy  of  the  results,  eyen  when 
operating  with  very  small  quantities  of  the  oxide. 

Summary  of  Results. — The  following  oxides  underwent  no  change 
of  composition  :—CaO,  SrO,  BaO,  MgO,  ZnO,  CdO,  AI2O3,  InA, 
DijOs,  CeOa,  ZrOa,  TiOj,  SnOz  (very  slight  loss),  PbO,  BijOs,  NbjOs, 
Ta^Os,  and  WO3. 

The  oxides  which  dissociated,  and  the  phenomena  observed  during 
the  heating,  are  given  in  the  following  paragraphs. 

Antimony  pentoxide. — This,  of  course,  even  at  a  moderate  heat, 
passes  into  Sb204,  bat  at  the  higher  temperature  the  oxide  began  to 
volatilise  pretty  freely,  that  which  remained  having  a  faint  greenish 
tinge,  and  proving  to  be  SbzOs.  Carnelly  and  Walker  (Trans.,  53, 
99)  have  shown  that  SbjOi  is  stable  at  775°. 

Vanadium  pentoxide  fused  and  then  began  to  give  off  bubbles  of  gas 
freely  until  it  had  passed  into  the  sesquioxide.  This  very  readily 
undergoes  reoxidation  during  cooling,  and  I  have  several  times  ob- 
tained very  beautiful  steel-blue  crystals  of  the  tetroxide  by  allowing 
the  oxide  to  cool  down,  freely  exposed  to  the  air. 

Sesquioxide  of  Iron. — Even  when  heated  in  a  platinum  crucible 
over  the  ordinary  blow-pipe  flame  this  oxide  becomes  superficially 
darker  in  colour,  due  apparently  to  the  production  of  a  film  of  Fe304. 
At  the  temperature  at  which  these  experiments  were  made  the  whole 
of  the  oxide  was  transformed    into  FesO^. 

Oxide  of  Cobalt,  C03O4. — On  heating,  the  oxide  fused  and  parted 
with  the  whole  of  its  oxygen,  leaving  a  globule  of  metallic  cobalt.  On 
cooling,  this  became  coated  with  a  film  of  oxide,  or,  if  in  the  process 
of  heating,  any  particles  reached  the  relatively  cool  area  outside  the 
flame,  they  burnt  with  beautiful  scintillations. 

Oxide  of  Nickel,  Ni203. — Under  the  oxy-coal  gas  flame,  the  behaviour 
of  this  oxide  very  much  resembled  that  of  the  oxide  of  cobalt,  the 
metal  being  obtained  in  this  case  also  ;  decomposition  occurred,  how- 
ever, more  readily. 

Molybdenum  trioxide  readily  volatilised,  and  was  partially  trans- 
formed into  one  of  the  lower  oxides,  as  was  further  shown  by  the 
existence  of  dark  blue  powder  in  the  residual  product. 

Uranium  trioxide  was  transformed  into  the  oxide  UaOs. 
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XXXIII. — Stability  of  the  Oxides  considered  in  Relation 

to  the  Periodic  Law. 

By  G.  H.  Bailey,  D.Sc,  Ph.D.,  The  Owens  College. 

Part  I. — The  Oxides. 

The  information  we  already  possess,  supplemented  by  the  results 
given  in  the  preceding  paper  by  Read,  as  to  the  temperature  at  which 
the  oxides  of  the  several  elem^ents  decompose,  is  sufficient  to  admit 
of  some  general  conclusions  on  the  subject  being  formulated. 
In  the  case  of  those  elements  which  form  several  oxides,  there  is 
probably  no  simple  expression  which  will  allow  of  the  behaviour  of 
one  series  of  oxides,  say  R2O3,  being  compared  directly  with  that  of 
another  series,  say  R2O5,  and  I  am  therefore  constrained  at  the  outset 
to  confine  myself  to  a  particular  series. 

It  will  be  of  interest  in  regard  to  the  periodic  system  to  take  the 
typical  oxides,  namely,  those  of  the  seven  vertical  series — the  oxides 

R2O    R"202    Ri^Oa    R'^204    R\0,    R^206    R^"207, 

and  of  the  platinum  group,  R^'"208.  I  shall  therefore  for  the  present 
confine  my  remarks  to  the  known  oxides  belonging  to  these  types. 

The    Oxides   of   the   Even    Series. — The    first  four  vertical   series, 
namely 


1. 

2. 

3. 

4. 

liUO 

BeO 

B2O3 

CO, 

K20 

CaO 

SC2O3 

Ti02 

RbiO 

SrO 

YtjOa 

ZrOj 

CS2O 

BaO 

La203 

CeOa 

YbjOs 

Th02 

are  so  stable  that  they  undergo  no  decomposition,  at  any  rate  below  a 
temperature  of  1750°.  With  regard  to  the  alkalies,  this  statement  may 
be,  in  the  present  state  of  our  knowledge,  somewhat  premature, 
especially  as  their  tendency  to  combine  with  oxygen  is  so  great  that 
the  evidence  of  the  existence  of  oxides  of  the  type  R2O  cannot  be  re- 
garded as  satisfactory  ;  the  re-investigation  of  the  oxides  of  the  alkali 
group,  however,  is  being  proceeded  with ;  nevertheless  all  the  known 
facts  are  in  entire  consonance  with  the  statement,  so  far  as  stability 
is  concerned.  The  tendency  to  combine  with  a  larger  proportion  of 
oxygen  which  characterises  these  metals  will  be  considered  when  the 
peroxides  are  approached. 

The  following  table  gives  the  data  with  regard  to  the  temperatures 
of  decomposition  of  the  oxides  in  vertical  series  5,  6,  7,  and  8. 

z  2      . 
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5. 

6. 

7. 

8. 

N2O5     gives     N2O4 

CrOg    gives    CroOa 

MnjOy  decomposes 

Fe04*   not  known 

below  50° 

at  250° 

at  ordinary  tem- 

V2O5     gives    V2O3 

peratures 

below  1750° 

NbgOs    not   decom- 

M0O3   is    partially 

RUO4    decomposes 

posed  at  1750° 

converted      into 
blue     oxide      at 
1750° 

at  106° 

Ta205    not    decom- 

W0O3 not  decom- 

OSO4       distinctly 

posed  at  1750° 

posed  at  1750° 

TJO3     gives     U2O5 
which  is  stable  at 
1750° 

more  stable  than 
EUO4 

The  general  conclusions  to  he  drawn  from  tlie  facts  stated  are 

1.  That  in  vertical  series  the  oxides  are  more  stable  the  higher  the 
atomic  weight.     The  sole  exception  to  this  rule  is  uranium  oxide. 

2.  That  taking  the  series  horizontally,  the  stability  of  the  oxides 
decreases  as  we  proceed  from  left  to  right,  that  is  as  the  atomic 
weight  rises. 

Furthermore,  the  general  behaviour  of  the  oxides  of  iron,  nickel, 
and  cobalt,  and  of  the  platinum  metals,  is  in  keeping  with  the 
generalisations  formulated. 

The  Oxides  of  the  Odd  Series. — The  following  table  shows  the  tem- 
perature of  decomposition  of  such  members  of  the  odd  series  as  form 
oxides  of  tlie  types  under  consideration.  No  such  oxides  of  the 
seventh  vertical  series  are  known. 


NasO  stable  at  1750° 
CujO  at  1500"  gives  CU3O 
Ag20    completely    decom- 
posed at  290° 
AuoO  decomposed  at  250° 


2. 


y  ^  I  not     decomposed 


CdOj     ^^1^50° 

HgO      decomposed 
about  400° 


n^  r\   \  not     decomposed 
at  i  TI2O3  at  585°  gives  TI3O 


*  I  have  prepared  samples  of  barium  ferrate,  which,  on  analysis,  proved  to  be 
BaFeOs,  the  existence  of  which  will  serve,  at  any  rate,  to  give  point  to  tlie  insertion 
of  Fe04  here.  The  product  is,  however,  very  variable  in  composition,  and,  although 
many  attempts  have  been  made,  I  have  only  twice  succeeded  in  obtaining  a  more 
highly  oxidised  compound  than  BaFe04,  the  composition  usually  assigned  to  the 
ferrate. 


IN  RELATION  TO  THE  PERIODIC  LAW. 
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4. 

5. 

6. 

^   ^    [not  decomposed  at 
(JeOj     1^50° 

Sn02  loses   oxygen   to    a 

slight  extent  at  1750° 
PbOa  at  280=  gives  PbO 

P2O5  stable  at  red  heat 

AS2O5  at  red  heat  gives 

A82O3 
SbjOi  at  300°  gives  Sb204 

Bi205  at  250°  gives  BijOa 

SO3  at  red  heat  gives  SO2 

SeOa? 

TeOa    at    red   heat    gives 
TeOa 

The  general  conclusions  to  be  drawn  from  these  facts  are 

1.  That  in  the  vertical  series  the  oxides  are  less  stable  as  the  atomic 
weight  rises,  just  the  reverse  of  what  was  observed  in  the  case  of  the 
even  series. 

2.  That,  taken  horizontally,  the  stability  tends  to  increase  from 
1  to  4,  and  to  fall  off  again  from  4  to  7.  The  only  exception  is  in  the 
case  of  lead  oxide,  the  extreme  member  of  the  whole  group,  in  which 
the  tendency  implied  under  the  generalisation  (1)  seems  to  outbalance 
that  which  is  coupled  with  generalisation  (2)  ;  just  as  in  the  even 
series  uranium  trioxide,  also  the  extreme  member  of  the  group,  seems 
inversely  to  allow  (2)  to  outbalance  (1). 

Taking  into  consideration  both  the  sets  of  conclusions,  the  main 
fact  to  which  expression  is  given,  is  the  diametrically  opposite  beha- 
viour of  the  odd  and  even  series  of  the  elements  respectively.  It  is 
therefore  evident  that  in  seeking  for  any  general  relation  that  may 
hold  between  the  stability  of  the  oxide  and  the  atomic  weight  of  the 
element,  we  must  recognise  the  two  classes  of  elements  usually  under- 
stood as  the  odd  and  even  series. 


Part  II. — The  Peroxides. 

In  the  previous  paragraph,  I  have  considered  the  typical  oxides  as 
illustrating  relative  stability,  or  the  capacity  of  the  elements  of  retain- 
ing oxygen  in  combination ;  that  is  the  affinity  for  oxygen  in  inten- 
sion. In  this  section  I  propose  to  deal  with  the  capacity  of  the 
elements  for  retaining  oxygen  in  extension,  that  is  to  say  the  quantity 
of  oxygen  which  enters  into  the  formation  of  the  highest  oxide,  with 
only  secondary  regard  to  the  degree  of  stability  of  the  oxide.  For 
the  sake  of  simplicity  I  have  adopted  the  title  "  peroxides,"  without 
any  desire  to  insist  that  all  such  oxides  are  true  peroxides ;  for  the 
purposes  of  the  present  paper  "  peroxide  "  may  be  taken  to  imply 
oxide  "  in  extension,"  and  without  regard  to  constitution. 

For  convenience,  I  have  collected  together  the  records  which  have 
been  published  relating  to  peroxides,  and  arranged  them  in  tables, 
according  to  the  periodic  system. 
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The  Peroxides  of  the  Even  Series. 


1. 

2. 

3. 

4. 

5. 

6. 

LizO* 

BeO 

B^Oat 

co,x 

N2O5 

OO2 

K2O4 

CaOo 

Sc? 

TiOs 
(Classen) 

V2O5 

CrsOy 

(Moissan) 

Eb? 

SrOa 

Yt^Og 

ZrOg 

Nb^Os 

Higher  than 

(Cleve) 

(Cleve) 

M0O3 
(Berwald) 

Os? 

BagOy 

La409 

CeOj 

Ta^Os 

Higher  than 

(Ramm  els- 

(Cleve) 

(Cleve) 

WO3 

berg) 

(Berwald) 

— 

— 

Yb^Og 

ThPy 



U04§- 

(Cleve) 

(Cleve) 

(Fairley) 

With  regard  to  the  first  vertical  series,  the  alkalies,  I  may  note 
that,  in  conjunction  with  the  students  at  the  Owens  College,  the 
whole  of  the  work  on  the  oxides  of  the  alkali  metals  is  being  re- 
peated. Without  reproducing  here  the  results  of  that  work,  I  may 
say  that  lithium  has  not  been  found  to  give  more  than  a  trace  of  per- 
oxide under  any  conditions  of  treatment  of  the  metal  in  oxygen,  and 
that  potassium  steadily  takes  up  oxygen  (as  observed  by  Harcourt) 
till  it  reaches  a  limit  at  K2O4.  The  work  on  rubidium  and  cassium  is 
not  yet  suflSciently  advanced  to  admit  of  incorporation  here.  It  is 
worthy  of  note  that  in  the  case  of  series  1  and  2,  the  oxides  have 
been  obtained  by  the  direct  action  of  oxygen  on  the  metal,  whilst 
with  nearly  all  the  other  peroxides  the  result  has  been  achieved  in  the 
wet  way  by  precipitation  in  presence  of  hydrogen  peroxide. 

On  reviewing  the  whole  of  the  results  in  the  table,  it  is  seen 
that  the  higher  the  atomic  weight  the  greater  is  the  amount  of 
oxygen  taken  up,  and,  it  may  be  added  further,  that  the  peroxides 
of  the  metals  of  high  atomic  weight  are  more  stable  than  those  of 
lower  atomic  weight.  For  instance,  TiOa  is  obtained  with  difficulty, 
and  only  in  presence  of  alkalis ;  ZrOs  is,  however,  formed  in  neutral 
or  acid  solution,  whilst  CeOs  and  T\x^lO^,  on  the  other  hand,  form  very 
readily,  and  show  considerable  stability. 

It  is  notable  that  whilst  there  is  some  evidence  of  the  existence  of 
an  oxide  higher  than  V2O6  in  solution,  no  results  have  yet  been  pub- 
lished indicating  any  tendency  on  the  part  of  niobium  and  tantalum 
to  form  peroxides. 

*  For  further  information  on  alkalis,  see  next  paragraph. 

t  ifitard's  BaBjOj  must  surely  be  regarded  as  BaOjjBoOa  rather  than  BaO,B204- 

J  I  have  obtained  evidence  of  the  existence  of  BaCO^,  but,  in  any  case,  this  is 
Ba02,C08. 

§  I  have  also  obtained  (but  not  yet  in  pure  condition)  a  still  higher  oxide, 
probably  UOg. 
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In  the  sixth  vertical  series,  it  ought  to  be  remarked  that  CraO;  has 
only  been  obtained  in  solution.  Of  coarse  much  yet  will  be  learnt 
from  further  investigation  of  the  peroxides,  and  there  can  be  little 
doubt  that  evidence  of  other  peroxides  will  be  forthcoming. 

Bearing  in  mind  the  incomplete  nature  of  the  evidence,  no  violence 
is  done  to  the  facts  at  present  within  our  knowledge  in  the  conclu- 
sions drawn — 

1.  That  in  the  even  series,  so  far  as  the  vertical  series  is  concerned, 
the  higher  the  atomic  weight  of  the  element  the  greater  "  in  exten- 
sion "  is  the  tendency  to  combine  with  oxygen. 

2.  That,  taking  the  series  horizontally,  there  is  a  decreasing  ten- 
dency to  associate  with  oxygen  as  we  pass  from  left  to  right  in  the 
series.  There  can,  however,  be  no  questioning  the  fact  that  some 
exceptions  are  to  be  found  to  this  expression,  although  it  is  not  at  all 
unlikely  that  further  investigation  may  dispose  of  these  apparent 
exceptions. 

Groups  7  and  8  form  no  higher  oxides  (unless  we  accept  Franke's 
MnOi)  than  those  already  given  under  the  oxides  "  in  extension,"  and 
afford,  therefore,  no  basis  for  discussion. 

The  Peroxides  of  the  Odd  Series. — With  the  exception  of  the  first 
two  vertical  series,  peroxides  are  almost  entirely  wanting.  It  will 
therefore  be  unnecessary  to  give  a  formal  table. 

The  first  vertical  series  consists  of  sodium,  copper,  silver,  and  gold. 
In  the  case  of  sodium,  the  only  definite  oxide  that  can  be  prepared 
by  exposing  sodium  freely  to  oxygen  is  the  peroxide  Na202,  and  I 
have  not  found  it  possible  to  pass  to  a  higher  state  of  oxidation  than 
this  in  the  dry  way,  though  Schone  describes  a  product  of  the  com- 
position Na202,2H202,  prepared  in  the  wet  way.  Thenard  prepared 
CuOj,  and  Schonbein  Ag^Oz,  these  compounds  being  obtained  under 
special  conditions,  and  never  so  readily  or  in  such  a  state  of  purity 
as  has  been  the  case  with  sodium  peroxide,  whilst  the  sesquioxide  of 
gold  is  extremely  unstable. 

In  the  second  vertical  series,  there  is  no  marked  tendency  to  form 
peroxides.  Haas  {Ber.,  17,  2249)  obtained  evidence  of  a  retention  of 
oxygen  (or  hydrogen  peroxide)  by  magnesium,  zinc,  and  cadmium, 
the  highest  oxide  obtained  being  of  the  form  R3O4.  Mercury  has 
shown  no  tendency  to  the  formation  of  peroxides. 

In  the  remaining  series,  with  the  exception  of  thallium,  which, 
according  to  Piccini  (Gazzetta,  17,  450),  gives  evidence  of  TIO2,  there 
are  no  peroxides.  Of  the  remaining  elements  sulphur  alone  has 
shown  any  inclination  to  form  a  higher  oxide,  the  liquid  SjOt 
(Berthelot). 

Whilst,  then,  it  is  manifest  that  the  odd  series  show  no  marked 
afl&nity  for  oxygen  "  in  extension,"  there  are  sufficient  indications — 
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-  1.  That  in  this  series,  taken  vertically,  there  is  a  smaller  inclina- 
tion to  form  peroxides,  as  the  atomic  weight  of  the  positive  element 
rises. 

2.  That,  in  general,  the  attraction  for  oxygen  grows  feebler  as  we 
pass  horizontally  from  left  to  right,  though  there  seems  to  be  a  dis- 
position for  the  attraction  to  become  more  marked  as  the  extreme 
right  of  the  period  is  reached. 

Referring  to  a  paper  entitled  "  The  Dehydration  of  the  Metallic 
Oxides  by  Heat,"  published  by  Carnelley  and  Walker,  some  years  ago 
(Trans.,  1888,  53,  101),  I  find  that  very  similar  conclusions  were 
drawn  by  them  with  regard  to  the  attraction  for  water  of  hydration 
shown  by  the  normal  oxides. 

Whether,  therefore,  we  consider  the  typical  oxides,  the  oxides  "  in 
extension,"  or  the  affinity  of  the  oxides  for  water  of  hydration,  it 
equally  holds  good  that  increased  stability  is  shown  with  a  rising 
atomic  weight  in  the  even  series,  whilst  with  the  odd  series  the  reverse 
is  the  case.* 

Hitherto  the  stability  of  the  oxides  has  been  referred  to  the  atomic 
volume,  or  to  the  fusibility  of  the  positive  element,  but  the  excep- 
tions are  very  numerous ;  and  if  an  attempt  be  made  to  reconcile 
these  exceptions  it  leads  to  a  recognition  of  the  contrast  between  the 
even  and  odd  series.  For  instance,  the  atomic  volume  of  barium  is 
greater  than  that  of  strontium,  strontium  than  calcium,  and  calcium 
than  beryllium  ;  it  being  true  also  that  the  stability  of  the  oxides 
follows  the  same  order ;  but  in  the  same  vertical  series  we  have 
the  atomic  volume  of  mercury  greater  than  that  of  cadmium,  and  of 
cadmium  greater  than  that  of  zinc,  and  the  stability  of  the  oxides 
follows  the  inverse  order.  So  it  is  also  with  gold,  silver,  copper,  and 
sodium,  and  with  other  series. 

Having  then  recognised  that,  when  reviewed  from  the  stand-point 
of  the  stability  of  the  oxides,  the  elements  fall  into  two  well-defined 
classes,  the  next  step  is  to  seek  some  essential  difference  between 
these  two  classes  which  may  account  for  the  contrast  in  their 
behaviour. 

So  far  as  I  am  aware,  there  is  but  one  broad  distinction,  the  one 
class  includes  the  paramagnetic  elements,  the  other  the  diamagnetic 
elements,  and  with  the  inclusion  of  this  it  will  appear  that  the 
affinity  of  elements  for  oxygen  both  "  in  intension  "  and  "  in  exten- 
sion," is  a  function  of  their  magnetic  condition  and  atomic  weight. 

*  The  fact  that  the  elements  of  lowest  atomic  weight  in  the  even  series  form  the 
oxides  of  lower  stability  in  this  series,  whilst  the  elements  of  lowest  atomic  weight 
in  the  odd  series  form  the  more  stable  oxides,  brings  it  about  that  the  odd  and  even 
aeries  most  resemble  one  another  in  the  first  two  periods,  the  difference  becoming 
more  and  more  marked  as  the  elements  of  higher  atomic  weight  are  reached. 
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XXXIV. — Conversion  of  Ortho-  into  Para-,  and  of 
Para-  into  Ortho-quinone  Derivatives.  II.  Dinaph- 
thyldiquinone. 

By  Samuel  C.  Hooker  and  J.  Gr.  Walsh,  Jun, 

It  was  shown  by  Stenhouse  and  Groves,  in  1878,  that  /3-naphtha- 
quinone  is  readily  converted  by  mineral  acids  into  dinaphthyldiqnin- 
hydrone.  The  corresponding  dinaphthyldiquinone  was  prepared  by 
the  same  chemists  from  the  quinhydrone  by  oxidation  {Annalen,  194, 
205). 

Dinaphthyldiquinone  was  subsequently  studied  in  1884,  in  Lieber- 
mann's  laboratory,  by  O.  Korn,  who  assigned  to  it  tlie  following  for- 
mula (Ber.,  17,  3019). 
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This  formula  was  based  upon  the  formation  from  it  of  aa-dinaphthyl 
by  distillation  with  zinc-dust,  and  of  diphthalylic  acid  by  oxidation 
with  alkaline  permanganate. 

Korn  states  that  the  diquinone  is  oxidised  by  exposure  to  the  air  in 
alkaline  solution  to  a  -pale  yellow  dihydroxydinaphthyldiquinone,  a 
compound,  which  he  believed  also  occurred  as  an  intermediate  pro- 
duct in  the  formation  of  diphthalylic  acid  from  the  diquinone,  which 
he  represented  as  a  /3-hydroxy-derivative,  a  view  which  has  been 
generally  accepted  (compare  Roscoe  and  Schorlemmer's  Treatise  on 
Chemistry,  Vol.  Ill,  Part,  VI,  p.  545  ;  also  Beilstein,  2nd  edition. 
Vol.  Ill,  p.  206). 

The  researches  of  one  of  us  have,  however,  shown  that  when 
/i-naphthaquinone  derivatives  are  converted  into  pale  yellow  com- 
pounds, still  possessing  the  properties  of  quiuones,  the  change  in 
colour  is  accompanied  by  a  simultaneous  change  in  the  nature  of  the 
quinone  group,  the  compounds  becoming,  as  a  result,  derivatives  of 
a-naphthaquinone. 

As,  however,  dinaphthyldiquinone,  if  possessing  the  structure 
assigned  to  it  above,  cannot  be  converted  by  oxidation  into  a  dihydr- 
oxydinaphthyldiquinone, (CjoHioOg),  derived  from  a-naphthaquinone, 
we  have  thought  it  necessary  to  repeat  Korn's  work ;  and  our  experi- 
ments have  proved  that  the  substance  which  he  has  described  as 
dihydroxydinaphthyldiquinone  is  in  reality  the  well-known  /:}-hydroxy- 
a-naphthaquinone.      The  change  from   a-hydroxy-/3-naphthaquinone 
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to  /3-liydroxy-«-naphthaqmnone  is  now  a  well-known  one  (compare 
Trans.,  1892,  p.  620 ;  1893,  p.  429,  1376 ;  1894,  p.  15). 

The  formation  of  liydroxynaphthaquinone  from  dinaphtliyldiquin- 
one  furnishes  satisfactory  proof  of  the  constitution  of  the  diquinone, 
especially  -when  considered  in  connection  with  the  formation  of  aa- 
dinaphthyl  by  reduction. 

The  properties  assigned  by  Korn  to  his  so-called  dihydroxydi- 
naphthyldiquinone  precisely  correspond  with  those  of  /3-hydroxy-a- 
naphthaquinone,  with  the  exception  of  its  melting  point,  which  Korn 
gives  as  245 — 260°,  whereas  /3-hydroxy-a-naphthaquinone  melts  at 
190 — 191°.  This  discrepancy  may  be  due  to  a  misprint,  or  it  may 
possibly  have  arisen  from  some  confusion  in  Korn's  notes,  as  he 
describes  in  the  same  paper,  on  p.  3023,  a  compound  which  melts  at 
248—250°. 

In  regard  to  Korn's  analysis,  his  figures  at  first  sight  seem  to  agree 
well  with  his  theory,  but  a  more  critical  examination  shows  that  he 
has  erroneously  calculated  the  formula  of  dihydroxydinaphthyldi- 
quinone  as  C20H12O6,  instead  of  C20H10O6.  He  has  thus  placed  beside 
his  analytical  figures  the  percentages  of  carbon  and  hydrogen  required 
by  hydroxynapthaquinone,  the  formula  C20H12O6  being  simply  twice 
CioHeOs,  that  of  hydroxynaphthaquinone. 

It  will  be  seen,  from  the  figures  given  below,  that  the  hydrogen 
found  by  Korn  is  0*87  per  cent,  higher  than  that  required  by  a  di- 
hydroxydinaphthyldiquinone. 

Found,  Calculated  for 


Hooker  and  Walsh.         Korn.  CioHfiOa.  CooHioOfi. 

C 68-77  6901  68-97  69-36 

H 3-49  3-76  3-44  2-89 

Experimental  Part. 

Korn's  description  of  the  preparation  of  his  so-called  dihydroxy- 
dinaphthyldiquinone  is  somewhat  meagre.  He  does  not  mention  the 
alkali,  neither  does  he  give  the  strength  of  the  alkaline  solution 
employed.  We  have,  therefore,  felt  some  hesitation  in  contradicting 
his  results,  as  it  at  first  seemed  possible  that  he  might  have  observed 
conditions  which  we  had  not  reproduced,  and  in  this  way  obtained 
results  different  from  ours.  In  spite,  however,  of  many  trials,  we 
have  not  succeeded  in  isolating  a  dihydroxydinaphthyldiquinone. 

Our  experiments  have  shown  that  the  strength  of  the  alkaline 
solution  is  not  of  importance  ;  and,  notwithstanding  variations  in  this 
particular,  the  oxidation  occurs,  as  far  as  outward  signs  ai-e  con- 
cerned, essentially  as  described  by  Korn.  The  alkaline  solution 
first  becomes  green,  then  reddish-brown ;  and,  when  the  colour  under- 
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goes  no  further  change,  hydrochloric  acid  precipitates  a  brownish- 
yellow  substance.  Up  to  this  point,  therefore,  we  can  fully  corro- 
borate Kom's  statements. 

Our  most  satisfactory  results  were  obtained  in  operating  with  small 
quantities  at  a  time.  1  gram  of  the  diquinone  was  immersed  in  20  c.c. 
of  a  10  per  cent,  solution  of  sodium  hydroxide ;  the  substance  dis- 
solved readily  to  a  green  solution,  from  which  small  bundles  of  dark 
needles  were  almost  simultaneously  deposited ;  80  c.c.  of  water  was 
added  to  re-dissolve  the  green  crystals,*  and  air  was  then  drawn 
through  the  solution  until  completely  oxidised.  Dilute  hydrochloric 
acid  was  then  added,  and  the  precipitate  obtained  was  collected, 
after  standing  some  hours,  and  washed  with  water.  1  gram  of  the 
diquinone  gave  about  0'4  gram  of  the  crude  material,  which,  in  addi- 
tion to  hydroxynaphthaquinone  also  contains  a  colourless  substance. 

When  a  sufficiently  large  quantity  of  the  diquinone  had  been 
oxidised,  the  crude  substance  from  the  various  operations  was  united 
and  crystallised  several  times  from  alcohol.  A  small  quantity  of 
animal  alcohol  was  used  for  the  first  crystallisation.  The  purified 
substance  precisely  resembled  in  appearance  and  crystalline  form 
hydroxynaphthaquinone,  prepared  from  "Martius's  yellow"  in  the 
usual  way. 

The  portion  which  was  intended  for  analysis  was  dried  at  about  90° 
for  a  short  time  ;  but  on  removal  from  the  air  bath,  the  crystals  were 
found  to  have  lost  tlieir  lustre,  many  of  them  having  become  opaque. f 
As  this  change  was  possibly  due  to  the  presence  of  alcohol  of  crystal- 
lisation, the  substance  was  dissolved  in  a  1  per  cent,  solution  of 
sodium  hydroxide  in  the  cold,  and  reprecipitated  by  hydrochloric 
acid.  Microscopic  yellow  needles  were  thus  obtained,  which  were 
analysed  with  the  following  result. 

0-1414  gave  0-3634  00,  and  00453  H2O.     C  =  6877  ;  H  =  3-49. 
CioHeOa  requires  C  =  6897;  H  =  344  per  cent. 

The  identity  of  the  substance  was  further  proved, 

1.  By  its  melting  point,  190 — 191°.     The  substance  commenced  to 

darken  at  about  180°,  and,  when  completely  melted,  decomposed  and 

i-an  up  the  capillary  tube. 

*  Probably  the  sodium  derivative  of  the  corresponding  diquinhydrone.  The  first 
stage  of  the  process  appears  to  be  the  oxidation  of  a  portion  of  the  diquinone,  at 
the  expense  of  the  remainder,  which  is  probably  converted  into  the  diquinhydrone. 
We  may  state,  in  support  of  this  supposition,  that  the  diquinhydrone  dissolves  in 
10  per  cent,  sodium  hydroxide  to  a  green  solution,  similar  to  that  obtained  from 
the  diquinone ;  green  crystals,  resembling  those  above  referred  to,  are  deposited, 
and  these  re-dissolve  on  dilution,  and  apparently  give  the  same  results  on  oxidation. 

t  Hydroxynaphthaquinone,  prepared  from  "  Martius's  yellow  "  and  crystallised 
from  alcohol,  behaved  similarly  when  heated. 
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2.  By  the  colour  of  its  alkaline  solution,  as  well  as  by  the  colour 
and  crystalline  form  of  its  sodium  derivative. 

3.  By  conversion  into  benzylidene-dihydroxynaphthaquinone,  which 
was  in  turn  identified  by  its  characteristic  sodiu  m  derivative  (Trans., 
1894,  65,  80),  and  by  conversion  into  a/3- anhydride. 

Korn's  dihydroxydinaphtiiyldiquinone  is  therefore  /3-hydroxy-a- 
naphthaquinone. 

The  yield  of  purified  hydroxynaphthaquinone  from  the  diquinone 
is  small,  the  larger  portion  of  the  latter  being  apparently  converted 
into  a  colourless  compound  or  compounds  soluble  in  water. 

These  changes  being  beyond  the  scope  of  this  investigation  were 
not  studied. 

Philadelphia,  U.S.A. 


XXXV. — Action  of  Nitrosyl   Chloride  on   Unsaturated 

Compounds. 
By  William  A.  Tilden,  D.Sc,  T.R.S.,  and  Martin  O.  Foester, 

Ph.D. 

The  action  of  nitrosyl  chloride  on  the  olefines  was  found  by  Tilden 
and  Sudborough  to  result  in  the  formation  of  the  dichloride  only 
from  ethylene,  of  a  mixture  of  the  dichloride  and  nitrosochloride 
from  propylene  and  isobutylene,  whilst  trimethylethylene  and 
phenylethylene  yield  a  crystalline  nitrosochloride  unaccompanied  by 
the  dichloride  (Trans.,  1893,  63,  479).  Recently,  tetramethylethyl- 
ene  has  been  found  by  Thiele  (Ber.,  27,  455)  to  readily  give  a 
nitrosochloride  in  almost  theoretical  quantity ;  this  compound  is  of 
interest  because  there  can  be  no  doubt  about  its  constitution.  As  it 
contains  only  methyl  groups  and  no  hydrogen  in  connection  with  the 
ethylenic  carbon  atoms,  combination  can  only  take  place  in  one  way, 
namely,  to  form  a  true  nitroso-compound,  Cl(CH3)2C'C(CH3)2NO. 
It  is  described  as  being  of  a  blue  colour,  and  giving  solutions  of  the 
same  tint.  A  vivid  blue,  or,  in  some  cases,  a  green  colour,  appears  to 
be  characteristic  of  mononitroso-com pounds.  Those  compounds 
which,  though  containing  a  nitroso-group,  are  colourless,  belong 
either  to  the  oximes  or  possess  a  different  constitution  at  present 
•unknown.  The  blue  colour  is  shown  when  in  the  liquid  state  by 
nitrous  anhydride  and  nitrous  acid,  as  well  as  by  the  nitrosonitro- 
paraffins  (pseudonitrols),  nitrosobenzene  (Bamberger  and  Storch,  Ber., 
26,  473),  nitrosoaniline,  nitrosomethylaniline,  nitroso-orthotoluidine, 
and  other  compounds.  This  blue  coloration  is  also  produced  during 
the  action  of  nitrosyl  chloride  or  of  nitrous  acid  on  many  of  the  on- 
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saturated  compounds  experimented  with,  especially  in  the  early- 
stages  of  the  process,  although  the  crystalline  compound  ultimately 
obtained  is  colourless.  This  leads  us  to  think  that  probably  in  such 
cases  the  formation  of  true  nitroso- compounds  is  actually  the  first 
step  in  the  process.  We  have  now  ascertained  that  the  nitrosochlor- 
ides  of  propylene,  butyl ene,  and  amylene  (trimethylethylene),  are  in 
reality  isonitroso-compounds  or  oximes,  and  that  they  yield  hydr- 
oxylamine  by  spontaneous  decomposition  in  the  presence  of  moisture, 
or  by  boiling  with  solvents.  The  substance  described  as  deposited 
after  long  standing  from  the  propylene  nitrosochloride  (footnote, 
Trans.,  loc.  cit.,  481)  is,  in  fact,  hydroxylamine  hydrochloride  itself, 
the  nitrosochloride  from  which  it  is  formed  being  a  liquid.  The 
supposed  second  nitrosochloride  (m.  p.  152°)  from  amylene  is  also 
hydroxylamine  hydrochloride. 

Amylene  nitrosochloi-ide  (m.  p.  74 — 75°),  when  distilled  in  a  current 
of  steam,  was  found  to  undergo  partial  decomposition,  in  this  point 
resembling  tetramethylethylene  nitrosochloride  described  by  Thiele 
(loc.  cit.).  The  aqueous  distillate,  which  had  a  pungent,  camphor- 
like odour,  was  free  from  nitrous  acid  and  did  not  reduce  Fehling's 
solution,  but  the  residual  liquid  in  the  distillation  flask  was  odour- 
less, and,  though  strongly  acid  to  test  paper,  gave  none  of  the  reac- 
tions of  nitrous  acid,  reducing  Fehling's  solution,  however,  imme- 
diately in  the  cold.  Evaporated  on  a  water  bath,  a  crystalline  residue 
was  obtained  (m.  p.  152 — 153°)  consisting  of  hydroxylamine  hydro- 
chloride. Recrystallised  from  water,  and  dried  at  80°,  it  gave  the 
following  result  on  analysis. 

0-1500  gave  0-3032  AgCl.    CI  =  50-53. 

Hydroxylamine  hydrochloride  requires  CI  =  51-08  per  cent. 

8  grams  of  amylene  nitrosochloride  sealed  up  in  a  tube  with  30  c.c. 
of  water,  and  heated  for  two  hours  in  a  water  bath,  yielded 
3-5  grams  of  hydroxylamine  hydrochloride,  the  calculated  amount 
being  4-1  grams.  Associated  with  the  hydroxylamine  hydrochloride 
was  a  small  quantity  of  a  fragrant,  volatile  oil,  but  we  have  not 
accumulated  enough  of  this  substance  to  determine  its  constitution. 

Amylene  nitrosochloride,  dissolved  in  alcohol  and  boiled  with  a 
slight  excess  of  piperidine,  yields  a  nitrolpiperidine,  which  crystal- 
lises slowly  in  small,  colourless  needles  on  adding  water  to  the  alco- 
holic solution.  This  compound  melts  at  96 — 97°.  Determination 
of  nitrogen  gave  the  following  results. 

0-1297  gave  16-8  c.c.  moist  nitrogen  at  12°  and  761-0  mm.    N  =  1520. 

0-1193     „     15-6  c.c.  „  „        16°    „    758-1     „      N  =  16-20. 

C10H20N2O  requires  N  =  15-22  per  cent. 

It  forms  a  platinum  salt,  which  was  found  to  contain  24*98  per 
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cent,  of  platinum,  fhe  calculated  percentage  for  (OioH2o^20)2,H2PtCl6 
being  25-01. 

It  may  be  remarked  that,  as  there  is  but  one  atom  of  hydrogen 
united  to  th©  ethylenic  carbon  in  trimethylethylene,  and  as  the 
nitrosochloride  yields  hydroxylamine  on  hydrolysis,  its  constitution 
is  fully  established,  and  may  be  represented  as  follows. 

C(CH3)2 

Hydrocarbon,  y^j.^.-^^- 

1.1     .^  C1C(CH3)2 

Nitrosochloride,  ^^^..,,^jj^     . 

■vr-j.    1  •       -J-       CsHioN'C  (0113)2 
Nitrolpiperidme,  1 

The  following  compounds  have  been  operated  on  in  addition  to  the 
compounds  referred  to  in  the  former  paper  (T.  and  S.,  he.  cit.). 

Hexylene  (Methylpropylethylene),  CHa-CHs-CHz-CHICH-CHa. 

The  liquid  used  in  these  experiments  was  obtained  from  mannitol 
by  the  action  of  hydriodic  acid,  and  the  subsequent  treatment  with 
potash  of  the  secondary  iodide  thus  obtained.  It  was  procured  from 
Kahlbaum. 

Hexylene  mixed  with  chloroform  was  cooled  by  immersion  in   a 
mixture   of   ice   and  salt,   and   submitted   to  the  action  of   gaseous 
nitrosyl  chloride  (ISTOCl).     The  products  obtained  were  liquid  ;  when 
dried   air   was   blown   over   the   surface  in  order  to  evaporate  the 
solvent,  the  liquid  became  blue,  and   colourless  needles  separated. 
These  when  drained  were  deliquescent  and  soluble  in  water,  giving 
an  acid  liquid  which  reduced  Fehling's  solution  immediately  in  the 
cold.     The  solution  also  gave  Angeli's  reaction  for  hydroxylamine, 
which  consists  in  adding  a  little  sodium  nitroprusside  to  the  solution, 
then  caustic  soda,  and  boiling ;    a  brilliant,  magenta-red  colour    in 
developed  (Gaz.,  23,   ii,  102;    Abstr.,   1894,  ii,   67).      The  crystals 
melt  at  150 — 152°,   disengagement  of  gas  occurring  almost  imme- 
diately. 

It  will  be  seen,  therefore,  that  hexylene  nitrosochloride  is  very 
unstable,  resembling  the  analogous  compound  derived  from  propylene. 

Gaprylene  (Methylpentylethylene),  CH3'CH;CH"C6Hh,  or  normal 
octylene,  GB.^.GB.-QJI^z. 

Gaprylene  (from  castor  oil)  behaved  in  the  same  way  as  hexylene 
when  submitted  to  a  similar  treatment.  On  standing  for  some 
time,  the  liquid  deposited  long,  colourless  needles  of  hydroxylamine 
hydrochloride. 
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Stilhene  (DiphenylethyleAe),  CeHs-CHICH-CeHs. 

Stilbene,  dissolved  in  the  mininmni  quantity  of  chloroform,  was 
submitted  to  the  action  of  nitrosyl  chloride  at  — 10°;  the  solution 
soon  became  dark  red,  and  smelt  strongly  of  nitrosyl  chloride.  On 
allowing  the  chloroform  to  evaporate  spontaneously,  a  colourless, 
amorphous  compound  was  obtained,  which  smelt  strongly  of  benzoyl 
chloride.  The  product  was  washed  with  cold  chloroform,  and  then 
with  cold  ether ;  after  this  treatment,  it  melted  with  evolution  of  gas 
at  138 — 139°.  At  this  stage,  an  analysis  gave  the  following  numbers, 
from  which  it  will  be  seen  that  partial  chlorination  has  occurred. 

Found. 

f • ^  Calculated  for 

I.  II.  Ci4Hi2-NO01. 

Nitrogen 5-40  —  5-70 

Chlorine 17-1  16-9  14-5 

On  boiling  this  compound  with  strong  hydrochloric  acid,  hydroxyl- 
amine  is  not  formed.  In  this  respect,  the  stilbene  compound  resembles 
that  obtained  from  cinnamene. 

■m  7  CII'06B[4 

Phenanthrene,  Utt  n  rr  • 

Phenanthrene  dissolved  in  ten  times  its  weight  of  chloroform  was 
treated  with  nitrosyl  chloride  at  the  temperature  of  melting  ice.  The 
solution  became  red,  and  yielded,  on  fractional  precipitation  with 
alcohol,  first  a  portion  containing  chlorine  but  no  nitrogen,  and 
afterwards  unaltered  phenanthrene.  Nitrosyl  chloride  was  also 
bubbled  through  a  solution  of  phenantlirene  in  twice  its  weight  of 
dry  benzene.  The  liquid  became  warm  and  dark  red,  a  brown  resin 
separating;  on  standing  for  12  hours  in  the  dark,  yellow  needles 
(m.  p.  209°)  were  deposited,  containing  23*5  per  cent,  of  chlorine, 
but  no  nitrogen.  The  substance  slowly  turned  green  on  exposure 
to  sunlight.  It  probably  consists  of  dichlorphenanthraquinone, 
CuHeClzOz,  which  contains  25' 6  per  cent,  of  chlorine. 

CH 

Acenaphthylene,  CioHi6<^'|tt' 
CM 

Acenaphthylene,  prepared  from  acenaphthene,  does  not  combine 
with  nitrosyl  chloride  in  chloroform  solution,  even  when  allowed  to 
remain  at  the  atmospheric  temperature  for  several  hours. 

w-Nitrocinnamenej  N02'CH*.CH'C6H5. 

A  solution  of  cinnamic  acid  in  five  parts  of  dry  boiling  benzene  was 
allowed  to  cool,  and  then  saturated  with  nitric  peroxide  obtained  by 
heating  dry  lead  nitrate.     Heat  was  developed,  and  the  acid  which 
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had  crystallised  out  redissolved.  The  dinitrocinnaraic  acid  (m.  p. 
72°),  whicli  separated  on  allowing  the  liquid  to  cool,  was  quickly 
washed  with  benzene,  then  dried,  and  finally  treated  with  cold  water, 
which  converts  it  into  aj-nitrocinnamene  with  evolution  of  carbon 
dioxide.  When  recrystallised  from  dilute  alcohol  it  forms  long,  yellow 
needles,  melting  at  68°  (Gabriel,  Ber.,  18,  2438).  When  the  pure 
nitro-compound  was  dissolved  in  chloroform  and  treated  withnitrosyl 
chloride  at  a  low  temperature,  the  solution  became  red,  but  no  com- 
bination took  place,  the  unaltered  compound  crystallising  out  on 
evaporation  of  the  solvent.  The  introduction  of  the  nitro-group 
therefore  prevents  the  formation  of  an  addition  compound  with 
nitrosyl  chloride,  though  not  with  chlorine  or  bromine. 

Grotonic  acid,  CHs'CHiCH-COOH. 

Solutions  of  crotonic  acid  in  chloroform  have  failed  to  yield  an 
addition  compound  when  submitted  to  the  action  of  nitrosyl  chloride 
at  various  temperatures,  the  unaltered  acid  (m.  p.  72°)  crystallising 
out  in  each  case  on  evaporating  the  solvent. 

Dry  crotonic  acid  was  soon  dissolved  by  liquid  nitrosyl  chloride 
when  sealed  up  with  it,  and  on  opening  the  tube  after  it  had  remained 
at  the  ordinary  temperature  for  some  time,  a  considerable  quantity  of 
gas,  containing  carbon  dioxide,  was  evolved.  On  allowing  the  excess 
of  nitrosyl  chloride  to  evaporate,  a  green  oil  was  obtained,  which,  on 
standing  for  some  time  in  a  desiccator,  became  blue,  and  ultimately 
colourless.  It  had  a  pungent  smell,  recalling  that  of  the  substance 
obtained  from  propylene.  It  did  not  decolorise  bromine.  After 
remaining  in  a  desiccator  over  lime  for  some  days,  the  oil  was  found 
to  contain  28"18  per  cent,  of  chlorine.  This  approaches  the  figure  for 
monochlorobutyric  acid,  which  contains  28'9  per  cent,  of  chlorine. 
When  distilled  under  a  pressure  of  40  m.m.  a  liquid  passed  over 
which  after  some  weeks  deposited  a  few  crystals  of  hydroxylamine 
hydrochloride. 

It  seems  probable  that  an  unstable  addition  compound  is  formed  in 
the  first  instance  by  crotonic  acid,  but  that  this  is  resolved  into 
carbon  dioxide  and  propylene  nitrosochloride,  which  in  its  turn  gives 
hydroxylamine  hydrochloride  in  the  presence  of  moisture, 

Isocrotonic  or  Allocrotonic  acid,  CH2!CH*CH2*COOH. 
When  liquid  nitrosyl  chloride  is  mixed  with  isocrotonic  acid  there 
is  no  sign  of  action,  and  the  unaltered  acid  is  left  on  allowing  the 
chloride  to  evaporate,  retaining  its  property  of  decolorising  bromine. 
When  isocrotonic  acid  is  sealed  up  in  a  tube  with  liquid  nitrosyl 
chloride,  and  allowed  to  remain  for  some  time  at  the  ordinary 
temperature,  carbon  dioxide  is  eliminated,  and  a  product  similar  to 
that  derived  from  crotonic  acid  is  obtained. 
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Oleic  acid,  CH^-CCH^lii-CHICH-COOH,  m- 

ch3-[ch2],-ch:ch-[ch,],-cooh. 

On  passing  nitrosyl  chloride  into  oleic  acid  dissolved  in  chloroform 
and  kept  at  a  temperature  below  —15°,  the  solution  becomes  red,  and 
no  rise  o£  temperature  is  observed.  If,  however,  the  solution  bo 
allowed  to  remain  at  the  ordinary  temperature  during  the  operation, 
the  liquid  assumes  a  green  tint,  and  a  considerable  rise  in  tempera- 
ture, amounting  to  about  20°,  is  observed.  If  now  the  chloroform 
be  rapidl}^  evaporated  by  passing  a  current  of  air  over  the  surface  of 
the  liquid,  the  residue  consists  of  a  mixture  of  a  crystalline  substance 
with  unchanged  oleic  acid.  It  is  dissolved  in  warm  spirit,  from 
which  waxy  scales  separate,  melting,  after  repeated  crystallisation 
from  i^pirit,  at  98 — 99°.  Another  preparation,  made  under  similar 
conditions,  melted  at  102°.  The  appearance  of  the  crystals,  and  the 
proximity  of  their  melting  point  to  that  of  ela'idic  acid  nitrosochloride 
(90 — 100°),  renders  it  probable  that  these  two  compounds  are  iden- 
tical. Neither  compound  yields  hydroxylamine  hydrochloride  on 
boiling  with  hydrochloric  acid.  On  analysis,  numbers  were  obtained 
which  correspond  with  the  formula  Ci8H3i02*NOCl. 

Elaidic  acid. 

Five  grams  of  elaidic  acid  were  dissolved  in  about  50  c.c.  of  dry 
chloroform  and  submitted  to  the  action  of  a  current  of  gaseous 
nitrosyl  chloride.  The  solution  became  red,  and  the  temperature 
rose  to  about  35°,  the  colour  finally  changing  to  green.  By  means  of 
a  current  of  dried  air,  the  chloroform  was  evaporated  as  quickly  as 
possible,  a  pale  blue  oil  remaining,  which  solidified  to  a  crystalline 
paste  when  left  in  a  desiccator  for  12  hours.  It  was  redissolved  in 
warm  alcohol,  which  deposited  white,  waxy,  crystalline  plates  on 
standing.  It  is  difficult  to  obtain  the  compound  quite  free  from  oil, 
the  latter  lowering  the  melting  point  to  a  remarkable  degree,  even 
when  the  analytical  results  give  no  evidence  of  impurity.  By  re- 
peated recrystallisation  from  alcohol,  however,  the  substance  was 
obtained  in  small  nodules  of  colourless  crystals  (m.  p.  99 — -100°). 
The  following  results  were  obtained  on  analysis. 

01530  gave  6  c.c.  moist  nitrogen  at  20°  and  751  m.m.     N  =  4  4^^. 

0-2534     .,     01034  AgCl  (Carins).     CI  =  10-09. 

CisHaiOjNOCl  requires  N  =  4-03 ;  CI  =  10-18  per  cent. 

Ela'idic  acid  nitrofochloride  is  readily  soluble  in  ether,  chloroforni, 
benzene,  and  alcohol,  but  is  insoluble  in  water. 

Cinnamic  acid,  C6H»-CH:CH'C00H. 
Hitherto  all  attempts  to  obtain  an  addition  compound  of  cinnamic 
acid  with  nitrosyl  chloride  have  failed.       Below    —15°  the  gas  is 
VOL.  i-xv.  2  A 


330  TILDE?^   AND   FORSTER  :   ACTION   OF 

altogether  without  action,  unaltered  cinnamic  acid  (m.  p.  133°) 
crystallising  out  on  removing  the  solvent  by  evaporation ;  an  experi- 
ment in  which  the  acid  remained  in  contact  with  the  chloride  for  a 
considerable  time  at  the  ordinary  temperature  gave  the  same  result. 
Another  attempt  was  made  under  conditions  similar  to  those  adopted 
by  Gabriel  (Ber.,  18,  2438)  for  the  preparation  of  dinitrocinnamene. 
The  acid  was  dissolved  in  5  parts  of  dry  boiling  benzene,  nitrosyl 
chloride  being  passed  through  the  paste  of  crystals  obtained  by  cool- 
ing the  solution.  Much  heat  was  developed,  and  the  solution  became 
dark  red,  but  after  remaining  for  48  hours  in  the  dark  no  solid  matter 
separated,  and  on  evaporating  the  solvent,  unaltered  cinnamic  acid, 
free  from  nitrogen,  and  melting  at  130°,  was  deposited. 

2  grams  of  cinnamic  acid  were  then  sealed  up  in  a  tube  with  about 
10  c.c.  of  liquid  nitrosyl  chloride,  and  allowed  to  remain  for  several 
hours  at  the  ordinary  temperature.  The  acid,  which  was  at  first  in  a 
stata  of  suspension,  soon  became  dissolved,  and  on  opening  the  tube 
there  was  evidence  of  very  considerable  pressure,  the  escaping  gas 
containing  a  large  proportion  of  carbon  dioxide.  On  allowing  the 
excess  of  nitrosyl  chloride  to  evaporate,  a  green  oil  remained,  from 
which  colourless  crystals  were  deposited.  The  oil  possessed  a  pun- 
gent odour  reminiscent  of  hyacinths  (charactei'istic  of  the  halogen 
derivatives  of  cinnamene),  its  vapour  acting  as  a  powerful  irritant  on 
the  mucous  membrane  of  the  eyes  and  nose.  The  solid  substance 
which  separates  after  recrystallisation  from  alcohol  is  obtained  in 
colourless  scales  melting  at  158 — 160°,  evolution  of  gas  taking  place 
at  a  higher  temperature.  When  dissolved  in  cold  potash,  and  repre- 
cipitated  by  cold  dilute  hydrochloric  acid,  it  is  completely  converted 
into  cinnamic  acid.  It  does  not  contain  nitrogen,  and,  v/hen  heated 
with  dry  lime,  it  yields  cinnamene.  If  the  product  be  repeatedly 
crystallised  from  dilute  alcohol,  it  is  obtained  in  brilliant,  white  scales 
which  melt  without  decomposition  at  167°,  and  contain  28"02  per 
cent,  of  chlorine.  Dichlorhydrocinnamic  acid  is  described  as  melting 
at  162 — 164°,  and  contains  32*42  per  cent,  of  chlorine. 

Although  it  separates  from  boiling  water  in  lustrous  scales  which 
melt  at  165°,  the  difference  in  the  percentage  of  chlorine  is  so  great 
as  to  point  to  some  chemical  change  having  taken  place  ;  it  was  now 
found  to  contain  only  12"83  per  cent,  of  the  halogen. 

The  original  compound  (m.  p.  167°)  dissolved  readily  in  chloroform, 
and  the  solution  does  not  decolorise  bromine.  It  is  always  associated 
with  a  green  oil,  but  neither  it  nor  the  oil  loses  hydroxylamiue  when 
boiled  with  hydrochloric  acid. 

AnethoU,  (4)CH30-C6H4-CH:CH-CH3(1). 
Anethoil  obtained  fi'om  oil  of  anise,  and  boiling  between  228°  and 
236°,  was  dissolved  in  chloroform  and  kept  at  a  temperature  of  —10", 
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while  a  current  of  gaseous  uitrosyi  chloride  was  pasised  through  the 
liquid  ;  the  contents  of  the  vessel  soon  became  converted  into  a  pasty 
mass  of  crystals,  which  were  quickly  collected  by  raeans  of  the  filter 
pump,  and  washed  with  cold  chloroform  until  free  from  unaltered 
anetho'il.  Ovving  to  the  difficulty  of  obtaining  a  suitable  solvent  from 
Avhich  to  recrystallise  the  compound,  it  was  repeatedly  extracted  with 
hot  alcohol  until  the  melting  point  was  constant.  It  was  then  redis- 
solved  in  chloroform,  which,  after  the  addition  of  alcohol,  was  allowed 
to  evaporate,  and  the  specimen  obtained  in  this  way  was  dried  in  a 
vacuum,  and  analysed. 

0'2757  gave  15'6  c.c.  moist  nitrogen  at  16°  and  7565  mm.  N  =  6"34. 
0-2036     „     0  1326  AgCl  (Carius).     CI  =  16-28. 

CioHiaO-NOCl  requires  N  =  6-57 ;  CI  =  16-57  per  cent. 

Anetho'il  nitrosochloride  melts  at  127°,  decomposing  at  this  tempe- 
I'ature  with  the  formation  of  a  brown  tar.  If  a  few  grams  of  the 
sub.stance  be  placed  in  a  flask  and  fusion  be  started  at  one  point,  the 
heat  evolved  by  the  decomposition  spreads  through  the  mass,  the 
whole  of  which  melts  without  further  application  of  heat.  Hydroxyl- 
amine  is  not  obtained  when  anetho'il  is  boiled  with  hydrochloric  acid, 
either  in  aqueous  or  alcoholic  solution.  It  is  easily  soluble  in  chloro- 
form and  benzene,  less  readily  in  ether,  and  practically  insoluble  in 
alcohol. 

Tonnies  {Ber.,  12, 169)  describes  the  prepai'ation  of  a  nitrosochloride 
from  anethoil,  but  no  analysis  or  melting  point  is  given,  and  no 
mention  is  made  of  any  of  its  properties. 

Eugenol,  CeH3(OH)(0-CH3)'CHo-CH:CH2  [=^4:3:1], 

Eugenol  was  prepared  by  decomposing  with  hydrochloric  acid  the 
potassium  salt  obtained  from  oil  of  cloves,  the  eugenol  being  thrown 
out  as  an  oil,  which  was  collected,  dried  by  means  of  calcium  chloride, 
and  distilled,  passing  over  at  250 — 252°.  Attempts  to  combine 
eugenol  with  nitrosyl  chloride  were  unsuccessful.  A  solution  of  the 
oil  in  chloroform,  when  cooled  to  a  temperature  below  —10",  became 
dark  red,  but,  on  allowing  the  solvent  to  evaporate,  the  substance 
Avas  left  unaltered.  A  similar  result  was  obtained  at  the  ordinary 
temperature. 

Eugenol  Ethylic  Ether, 

The  ethylic  ether  of  eugenol  was  obtained  from  eugenol  by  boiling 
it  with  aqueous  potash  rtnd  ethylic  bromide  until  the  latter  was  com- 
pletely dissolved,  the  ether  being  precipitated  as  an  oil  on  the 
addition  of  water. 

A  solution  of  the  ether  in  chloroform  became  dark  red  on  treatment 
with  nitrosyl  chloride  at  various  temperatures;  it  does  not,  however, 
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unite  with  it,  and  in  no  ,case  was  evidence  of  the  formation  or  a 
addition  compound  obtained. 

;S.i/roZ,  CH2<q>C6H3-CH2-0H:CH2. 

Sassafras  oil  was  freed  from  phenolic  constituents  by  treatment 
with  aqueous  potash.  After  being  washed  several  times  Avith  water, 
and  dried  by  means  of  calcium  chloride,  a  specimen  of  safrol  was 
obtained  which  distilled  between  231°  and  233°.  The  safrol  was  dis- 
solved in  chloroform,  the  solution  becoming  dark  red  on  treatment 
with  nitrosyl  chloride,  but  in  this  case,  as  in  that  of  the  two  preceding 
compounds,  no  nitrosochloride  was  formed. 

Isosafrol,  CH2<q>C6H3-CH:CH-CH3. 

Isosafrol  was  prepared  according  to. the  method  described  by  Poleck 
(Ber.,  17,  1940).  Safi-ol  was  heated  with  sodium  formate  and  caustic 
potash  for  three  hours  at  250°.  The  isosafrol,  obtained  by  submitting 
the  crude  product  to  steam  distillation,  was  dried  by  calcium  chloride 
and  distilled,  boiling  at  239—243°. 

If  a  solution  of  isosafrol  in  chloroform  be  mixed  with  nitrosyl 
chloride  in  the  same  solvent,  the  dark  red  colour  of  the  latter  is 
destroyed,  and  the  liquid  becomes  warm,  depositing  colourless  crystals 
pn  cooling.  The  product  is  more  conveniently  obtained  by  passing  a 
current  of  gaseous  nitrosyl  chloride  through  a  mixture  of  equal  parts 
of  chloroform  and  isosafrol,  the  temperature  of  the  liquid  being  kept 
betweeii  —10"  and  0°.  The  crystals  which  separate,  having  been 
freed  from  mother  liquor,  are  extracted  successively  with  alcohol, 
glacial  acetic  acid,  benzene,  and,  finally,  once  more  with  alcohol. 
Having  been  dried  in  a  vacuum,  it  gave  the  following  numbers  on 
analysis. 

0-2074  gave  ll'G  c.c.  moist  nitrogen  at  22°  and  748  mm.     N  =  6-23. 
0-1720     „     0-1U60  AgCl  (Carius).     CI  =  15-41. 

CioHioO^-NOCl  requires  N  =  616;  CI  =  15-57  per  cent. 

Isosafrol  nitrosochloride  melts  with  decomposition  at  150°,  darkening 
somewhat,  shortly  before  this  temperature  is  reached.  In  a  paper 
recently  published  by  Angeli  {Gazzetta,  22,  ii,  44-5;  Abstr.,  1893, 
i,  263),  since  our  experiments  with  this  compound  were  brought  to  a 
close,  the  melting  point  of  isosafrol  nitrosochloride  is  said  to  be  132°. 
Our  crude  product  melted  at  135°,  but  a  substance  of  constant 
melting  point  was  only  obtained  after  repeated  extraction  with 
various  solvents. 

It  is  insoluble  in  cold  alcohol,  cold  benzene,  ether,  and  hot  glacial 
acetic  acid,  and  on^y   sparingly   soluble   in  chloroform,  from  which 


NITROSYL  CHLORIDE  OX  UNSATURATED  COMPOUNDS. 


333 


it  is  thrown  down  on  the  addition  of  spirit.  It  dissolves  to  some 
extent  in  boiling  benzene,  from  which  it  separates  in  minute  crystals ; 
but  the  solution  appears  to  undergo  decomposition  on  evaporation,  so 
that  this  method  cannot  be  made  use  of  for  purification.  When 
heated  with  strong  hydrochloric  acid,  isosafrol  nitrosochloride  does 
not  yield  hydroxylamine. 

Fumaric  and  Maleic  acids. 

We  have  made  several  attempts  to  obtain  addition  compounds  of 
these  acids  with  nitrosyl  chloride.  The  experiments  in  this  direction, 
however,  which  have  been  carried  out  on  the  same  lines  as  those 
described  above,  have  in  each  case  led  to  a  negative  result. 

The  following  synopsis  indicates  the  general  result  of  the  action  of 
nitrosyl  chloride  on  the  unsaturated  compounds  which  have  been 
brought  into  contact  with  it  under  various  conditions. 


Unsaturated  compound 
employed. 


Nitrosochloride 
formed. 


Ethylene 

Propylene 

Isobutylene    (unsymmetrical    di- 

methylethylene) 

Trimetliyleth\  lene 

Tetraraethylethylene 

Hexylene  (metliylpropyletliylene) 

Octylene  (hexylethylene)    

Phenylethylene  (cinnamene)    . .  . . 

Diphenylethylene  (stilbene) 

Phenylnitroethylene    (oj-nitrocin- 

namene) 

Phenanthrene 

Acenaphthylene. .  .  < 

Crotonic  acid 

Alio-(iso)crotonic  acid 

Pbenylacrylic  (cinnauiic)  acid. .  . . 

Ethyl  cinnamate 

Oleic  acid 

Elaidic  acid 

Erucic  acid 

Fumaric  acid 

Eugtnol 

Etliyl  eugenol 

Safrol 

Isosafrol 

AnethoTl , 

Pinena  

Limoiiene 


No  . 
Yes 
Yes 


Yes   

Y'es  (Thiele) 

Yes 

Y"es   

Y'^es   

Yes 

No 


No 

No 

rCarbon  dioxide 

I    evolved;  small 

-^  quantity  of  a 
doubtful     ox- 

l^  ime  formed 

No 

Yes 

Yes 

Yes  (Sudborough) 

No   ' 

No 

No 

No 

Yes 

i  Yes 

i  Y'es 

i  Yes 


Constitution, 


Oxime 
Oxime 


Oxime 

JN  itroso 

Oxime 

Oxime 

Not  an  oxime  ? 

Not  an  oxime ." 


1-  - 


Not  an  oxime  ? 
Not  an  oxime  ? 


Not  an  oxime  ? 
Not  an  oxime  ? 
Not  an  oxiuie 
Oxime 


Accom- 
panied by 
chlorina- 
tion. 


Yes 
Yes 
Y'es 


Yes 


Yes 


Yes 
Y^es 
Yes 
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In  coiisidei'iug  these  results,  it  is  worthy  of  remai-k  that  the 
proximity  of  a  nitro-  or  carboxyl-group  to  the  ethylenic  carbon  atoms 
appears  to  prevent  the  addition  of  nitrosyl  chloride.  This,  so  far  as 
it  goes,  seems  to  be  evidence  in  favour  of  the  symmetrical  formula  for 
oleic  acid,  CH3-[CH2]7-CH:CH-[CHo]/COOH,  advocated  by  Sajtzew 
{J.  per  Ohem.,  1887,  [2],  35,  389)  and  Benedikt  (Monatshefte,  1890, 
11,  83),  and  supported  by  Wagner,  in  his  discussion  of  the  oxidation 
of  unsaturated  compounds  (Ber.,  21.  3353).  The  probability  of  this 
being  the  true  constitution  of  oleic  acid  is  also  indicated  by  Baruch 
(Tier.,  27,  173).  In  the  case  of  the  crotonic  acids  and  of  cinnamic 
acid,  contact  with  nitrosyl  chloride  appears  to  give  rise  to  the  destruc- 
tion of  the  adjacent  carboxyl  group.  But  the  fact  that  phenathrene 
and  acenaphthylene  do  not  unite  with  nitrosjl  chloride  whilst  cin- 
namene  and  stilbene  do,  although  all  four  readily  unite  with  bromine, 
seems  to  open  up  a  wider  question.  The  explanation  of  this  is 
probably  connected  with  peculiarities  in  the  structure  of  unsaturated 
compounds  not  hitherto  recognised  in  existing  formulas. 

Another  fact  of^equal  significance  is  the  difference,  already  pointed 
out  by  Angeli  (Ber.,  24,  3994),  between  the  behaviour  of  compounds 
which  contain  the  allyl  group,  — CH2*CH;CH2,  and  that  of  the  iso- 
meric compounds  containing  the  propenyi  group, — CHlCH'CHj.  The 
latter  unite  with  nitrous  anhydride  and  with  nitrosyl  chloride, 
whilst  the  former  do  not,  although  both  classes  of  compounds  readily 
combine  with  two  atoms  of  bromine. 

A  few  qualitative  experiments  to  illustrate  the  comparative  be- 
haviour of  unsaturated  compounds  witli  bromine  and  with  nitrosyl 
chloride  have  been  made  vpith  some  of  the  substances  referred  to  in 
the  preceding  pages,  with  the  following  results. 

Compound  employed,     i  Bromine.  Nitrosyl  chloride. 


Cinnamene , 

Cinnamic  acid , 

Etliyl  cinnamate  ..... 

Eugenol '  Immediately  decolorised. , 


Immediately  decolorised. , 

Slowly  decolorised , 

llowly  decolorised. 


Ethyl  eugenol 
Ole'ic  acid 
Safrol  . . . 
Isosafrol  . 


Immediately  decolorised. 
Immediately  decolorised. 


Yery  slowly  decolorised 

Not  decolorised 

Not  decolorised 

Not  decolorised 

Not  decolorised 

Very  slowly  decolorised 


Immediately  decoloiised. .    Not  decolorised 
Immediately  decolorised.,  i  Immediately  decolorised 


These  experiments  were  performed  in  chloroform  solution,  and  it 
will  be  seen  from  the  results  that  the  property  of  not  immediately 
decolorising  a  solution  of  nitrosyl  chloride  is  not  peculiar  to  those 
unsaturated  compounds  which  do  not  form  addition  compounds  with 
this  reagent. 

Finally,  in  order  to  ascertain  whether  an  intermediary,  such  a.s  a 
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chloride,  would  induce  combination  between  nitrosyl  chloride  and 
some  of  those  substances  which  had  been  experimented  with  un- 
successfully, we  have  tried  the  effect  of  bringing  the  substances 
together  in  the  presence  of  zinc  chloride,  or  aluminium  chloride, 
but  in  each  case  without  the  desired  result. 

Mason  College, 

Birmingham. 
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March  22nd,  1894. 
Dr.  Armstrong,  President,  in  the  Chair, 

During  the  many  years  that  T  have  been  officially  connected  with 
this  Society,  I  have  had  abundant  opportunity  o£  reflecting  on  tho 
numerous  problems  which  the  conduct  of  its  affairs  must  inevitably 
bring  into  prominence  in  the  mind  of  any  observant  person ;  and  as 
I  am  now  all  but  at  the  close  of  my  career  in  its  active  service,  I  will 
venture  to  pla.ce  on  record  some  of  the  impressions  that  have  gradu- 
ally taken  shape  in  my  thonghts. 

We  are,  in  my  opinion,  entitled  to  regard  our  Society,  although  it 
is  named  the  Chemical  Society  of  London,  as  the  embodiment  of  tho 
interests  of  chemical  science  in  the  United  Kingdom, :  it  is  from  this 
point  of  view,  and  in  no  narrow  nor  selfish  spirit,  that  I  shall  have  to 
put  forward  claims  on  behalf  of  the  Society. 

Tha  Longstaff  Medal  and  the  Research  Fund. — Let  me,  how- 
ever, first  fulfil  the  very  pleasant  task  with  which  I  am  charged  by 
the  Council — that  of  presenting  our  Kesearch  Medal,  together  with  a 
purse  of  £20,  to  our  distinguished  Fellow,  Mr.  Horace  T.  Brown.  It 
was  only  a  few  months  ago  that  death  deprived  us,  at  the  very 
unusual  age  of  98,  of  Dr.  Longstaff,  whose  great  service  to  our 
Society,  as  the  originator  of  the  Research  Fund,  is  commemorated  by 
this  medal — which  bears  upon  one  face  the  impress  of  his  head,  and 
is  known  as  the  Longstaff  Medal.  So  vigorous  was  Dr.  Longstaff  <o 
the  last,  and  so  keen  an  interest  did  he  take  in  our  proceedings,  that 
but  a  short  time  before  his  death  he  wrote  to  me  asking  whether  the 
medal  was  not  soon  to  be  again  awarded,  and  on  whom  it  would 
probably  be  bestowed. 

It  may  here  be  pointed  out  that  up  to  the  present  time  119  grants 
have  been  made  from  the  fund  since  its  foundation  in  1877,  the  total 
sum  granted  having  been  no  less  than  £2,941.  The  Society  is 
indebted  to  Mr.  Ludwig  Mond  for  a  donation  of  £100,  made  in  June 
last,  a  gift  which  is  especially  welcome,  as  since  1888  the  income 
available  for  distribution  has  only  been  that  derived  from  £4,400 
invested  in  Metropolitan  Board  of  Works  Stock,  and  £1,000  invested 
in  JSTorth  British  Railway  4  per  cent,  stock.     Considering  the  great 
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importance  of  the  interests  represented  by  our  Society,  and  the  value 
of  the  work  which  is  being  done  with  the  aid  of  the  Research  E'und, 
I  venture  to  express  the  hope  that  in  years  to  come  benefactors  to 
our  funds  may  be  more  numerous  than  heretofore,  and  that  the  Fellows 
generally  will  cooperate  in  making  our  needs  known,  and  in  forward- 
ing this  branch  of  our  woi'k. 

I  feel  sure  that  it  would  be  impossible  for  us  at  the  present  time  to 
make  an  award  more  thoroughly  in  accordance  with  Dr.  Longstaff's 
desires,  as  the  medal  is  given  to  one  of  those  remarkable  men — 
scientific  amateurs  they  are  sometimes  called — of  whom  England  has 
such  just  cause  to  be  proud :  a  man  who,  notwithstanding  that  he  has 
been  charged  with  the  conduct  of  a  large  and  most  important 
business,  has  yet  found  time  to  do  most  valuable  scientific  work,  and 
who,  moreover,  has  set  an  example,  by  his  successful  application  of 
scientific  methods  to  the  industry  with  which  he  has  been  connected, 
which  cannot  but  have  most  important  consequences. 

Mr.  Horace  Brown,  nothing  could  possibly  have  occurred  during 
my  tenure  of  this  chair  to  give  me  greater  pleasure  than  does  this 
opportunity  of  presenting  to  you  the  LongstafE  Medal  of  the  Society, 
in  recognition  of  the  value  we  attach  to  your  original  contributions 
to  chemical  science. 

Having  been  your  fellow- student  at  the  Royal  College  of  Chemistry, 
in  Oxford  Street,  where,  you  will  probably  recollect,  we  were  Frank- 
land's  pet  Versuchsthieren,  to  whom  more  than  liberal  doses  of  graphic 
formulae  were  administered  and  tough  nuts  given  to  crack  in  dajs 
when  graphic  formulae  were  not  yet  public  property ;  and  having 
been  your  intimate  friend  from  our  student-days  onwards,  I  have  had  a 
better  opportunity,  probably,  than  any  one  else  of  observing  your  work 
and  estimating  its  effects.  In  those  early  days  you  were  already  distin- 
guished by  the  earnestness,  thoroughness  and  versatility  which  have 
always  characterised  your  doings,  and  you  were  ever  prepared  to 
receive  new  impressions.  An  important  share  in  the  formation  of 
your  scientific  character  may  doubtless  be  assigned  to  the  circum- 
stance that  at  the  outset  of  your  scientific  career  you  enjoyed  the 
friendship  of  Dr.  Bottinger  and  also  of  that  great  master  of  our  craft, 
whose  untimely  death  especially  those  of  us  who  knew  him  in  his 
home  will  never  cease  to  lament,  Peter  Griess ;  but,  in  point  of  fact, 
you  must  be  reckoned  as  one  of  Pasteur's  pupils.  I  can  perfectly 
recollect  the  effect  produced  on  you  by  the  appearance  of  his  Eludes 
sur  la  Biere,  in  1876,  and  the  manner  in  which  you  very  soon  applied 
his  discoveries  by  introducing  your  method  of  forcing  beers.  I 
believe  I  do  not  overestimate  the  value  of  your  labours  when  I  say 
that  this,  more  than  anything  else,  has  favoured  the  very  general 
introduction  of  scientific  methods   into  brewery  practice  witnessed 
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during  recent  years.  Your  subsequent  researolies  on  carLoliydrates 
have  been  of  great  interest  and  raise  issues  of  importance ;  and  your 
latest  communication  to  ns,  entitled  "  Contributions  to  the  Chemistry 
and  Physiology  of  Foliage  Leave«,"  following  your  equally  remarkable 
"  Studies  of  the  Gramineae,"  may  be  regarded  as  revelations  of 
entirely  new  possibilities,  which  most  materially  advance  our  powers 
of  fathoming  the  intricate  problems  of  vegetable  physiology.  The 
lessons  in  method  which  your  labours  afford  must  prove  invaluable  to 
all  who  wish  to  investigate  such  problems.  It  is  cause  for  congratu- 
lation that  you  are  now  in  the  position  to  withdraw  from  the  cares  of 
business  and  to  devote  your  attention  to  scientific  enquiries  ;  that  you 
will  do  so,  I  have  no  doubt,  and  I  can  only  hope  that  your  labours 
will  prove  as  fruitful  as  are  tliose  of  the  two  distinguished  workers 
among  our  Fellows  who  are  similarly  situated — Drs.  Perkin  and 
Schunck. 

Fellowship  of  the  Society. — In  chronicling  the  various  matters 
concerning  the  progress  and  well-being  of  the  Society  during  the  past 
ofiBcial  year,  let  me  first  quote  the  usual  statistics  from  which  our 
numerical  strength  may  be  inferred. 

The  following  statistics  were  referred  to  : — 

Number  of  Fellows,  March,  1893 1895 

Since  elected  who  have  paid  their  fees 140 

2035 
Removed  on  account  of  non-payment  of  fees  ....      32 

Withdrawn 22 

Deceased 19 

—  73 

Present  number  of  Fellows   1962 

Number  of  Foreign  Members 33 

The  following  Fellows  have  died  within  the  year  : — J.  H.  Bicket, 
J.  T.  Brown,  Dr.  James  Blake,  R.  Russell  Carew,  Col.  F.  C.  H. 
Clarke,  R.  H.  Davies,  William  Foster,  Samuel  Gale,  C.  W.  Heaton, 
H.  R.  Hind,  Hodgson  Jones,  Dr.  A.  Leibius,  S.  A.  Phillips,  Charle* 
K.  Scott,  S.  J.  Smith,  H.  B.  Thornton,  W.  B.  Tustin,  John  Tyndall, 
F.R.S.,  and  John  Woodland. 

The  following  Fellows  have  withdrawn  from  the  Society  : — Harold 
Alger,  Dr.  E.  J.  Ball,  J.  B.  Barlow,  Thomas  Beesley,  F.  W.  Boam, 
George  Collar,  Dr.  T.  Cooksey,  J.  H.  Dagger,  Rev.  G.  Daubeney, 
Clement  Higgins,  Walter  H<>gben,  U.  A.  Jackson,  J.  F.  McArthur^ 
J.  C.  Mulrean,  G.  Gordon  Parker,  Henry  Piele,  H.  Pilkington,  T.  W. 
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Shore,  A.  J.  Smith,  Rev.  C.  J.  Taylor,  A.  Trobridge,  and  A.  Win^'- 
harn. 

The  names  of  the  following  persons  have  been  removed  from  the 
register,  having  ceased  to  be  Fellows  owing  to  non-payment  of 
the  subscription : — T.  F.  Barbour,  Dr,  L.  Bernstein,  P.  C.  Bunn, 
B.  G.  Christopher,  A.  C.  Diogo,  Adolph  Dresel,  R.  S.  Edwards,  G.  W. 
Gibson,  Rev.  H.  Heap,  T.  A.  Hedley,  A.  C.  Holborn,  A.  H.  Jackson, 
J.  C.  Jackson,  A.  H.  Knight,  F.  T.  Knott,  T.  H.  Lceming,  J.  L. 
MacMillan,  Dr.  W.  Matekey,  W.  E.  Matthews,  Dr.  C.  Morfit,  Frank 
Mousley,  W.  B.  Nesbit,  W.  S.  Newman,  G.  L.  Rait,  P.  Y.  Sheshadri, 
F.  W.  Shaw,  James  Sibun,  A.  P.  Smith,  J.  Snodgrass,  R.  St.  Ste- 
phens, H.  K.  Tompkins,  and  E.  W.  Whieldon. 

We  have  to  lament  the  loss  of  one  of  our  oldest  foreign  members — 
Edmond  Fremy,  who  died  at  the  beginning  of  this  month ;  we  have 
yet  to  arrange  for  the  delivery  of  a  memorial  lecture  reciting  his 
services  to  science :  one  of  the  pioneer  labourers  in  our  subject,  his 
work  covers  a  very  wide  field,  and  it  will  not  be  easy  to  do  justice 
to  it. 

I  should  here  mention  that  an  oversight  has  been  committed  in  not 
chronicling  the  decease  on  March  16th,  1891,  of  another  of  our  foreign 
members,  Auguste  Cahours^  whose  researches  date  back  to  1837 — an 
eminent  worker  in  the  field  of  organic  chemistry,  and  joint  dis- 
coverer with  Hofmann  of  allylic  alcohol. 

I  am  favoured  with  obituary  notices  of  the  following  of  our  late 
Fellows  :— J.  H.  Bicket,  J.  T.'firown,  Colonel  F.  C.  H.  Clarke,  R.  H. 
Davies,  W.  Foster,  J.  Gale,  C,  W.  Heaton,  Dr.  Leibius,  S.  J.  Smith, 
and  Professor  TyndalL 

Satisfactory  as  is  the  increase  in  our  numbers,  and  large  as  our 
numbers  are,  it  seems  to  me,  we  may  hope  that  at  no  distant  date 
they  will  be  far  larger ;  indeed  in  order  that  our  Society  may  fulfil 
its  main  purpose,  it  is  essential  that  they  should  be.  When  we 
reflect  how  wide  are  the  applications  of  chemical  science,  and  that 
the  aid  of  the  chemist  must  ere  long  be  recognised  as  essential  to  the 
prosperity  of  a  majority  of  our  industries,  there  can  be  no  question 
that  we  may  count  on  a  far  larger  measure  of  support.  Certainly, 
every  member  of  the  Society  of  Chemical  Industry  ought  to  be  a 
bellow  of  our  Society. 

It  is  a  fortunate  circumstance  that  during  the  year  we  have  been 
comparatively  free  from  the  ill  effects  of  that  contagious  disease  from 
which  a  section  of  our  Fellows  occasionally  suffer — a  malady  hitherto 
clearly  subject  to  a  periodic  law  at  least  as  regular  in  its  operations 
as  that  which  has  afforded  to  chemists  during  recent  years  the 
opportunity  for  so  many  interesting  speculations,  and  which  has  led 
to  so  many  comparisons  being  instituted  between  substances  in  in* 
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comparable  states.     Having  studied  the  disease  during  several  of  its 
most  virulent   outbreaks,   it    appears  to    me   to  be   of   undoubtedly 
zymotic  type ;  a  hopeful  conclusion,   I  trust,  as  we   now   recognise 
that  immunity  from  attacks  of   such  diseases   may  be  secured  by  a 
variety  of  means,  and  that  they  are  not  necessary  concomitants  of 
our  existence.     Of  course  in  this,  as  in  most  other  matters  concerning 
affairs  human,  the  question  is  one  of  standpoint ;  and  it  is  only  by 
ari-iving  at  a  clear  understanding  as  to  what  constitutes  the  qualifi- 
cation for  admission  into  our  body  that  we  ca:ft  hope  to  put  an  end  to 
all  further  such  outbreaks.     It  is  beyond  question  that  not  only  the 
outside  public,  but  also  many  of   the  Fellows,   have   regarded  the 
letters   F.C.S.    as   indicative  of   a   professional   qualification :    it   is 
equally  true  that  they  have  no  such  meaning,  but  I  am  not  sure  that 
we  do  not  ourselves  by  our  practice  encourage  this  view.       I  have 
long  thought,  and  now  venture  to  give  utterance  to  the  opinion,  that 
it  would  be  greatly  to  our  advantage  to  remove  the  word  "  Qualifica- 
tion^^ from  the  face  of  the  certificate  and  the  passages  explanatory 
thereof  from  its  back ;  in  fact  I  would  advocate  a  policy  of  absolute 
free  trade,  such  as,  I  believe,  prevails  in  the  sister  society  in  Berlin. 
Let  those  who  propose  a  person — I  will  not  say  a  man,  because  it 
may  well  happen  ere  long  that  woman  will  also  be  admissible — state 
what  the   individual  is.     No  doubt  our  letters  have  been  used  by 
designing  persons  as  indicative  of  a  qualification  which  they  have  no 
right  to  assume,  and  it  is  galling  to  see  F.C.S.  on  trade  puffs  of 
articles  of  no  intrinsic  merit.     By  all  means  let  us  do  all  we  can  to 
discourage  such   illicit  practices  and  to  instruct  the  public  to  dis- 
criminate, but  do  not  let  us  be  provoked  by  the  acts  of  a  few  black 
sheep  into  doing  injustice  and  injuring  our  own  proper  interests. 
Society  never  will   be  pure  throughout,  and  if  we  as  a  body  pursue 
high  aims  and  do  valuable  work,  we  can  afford  to  disregard  small 
irregularities,  inexcusable  though  these  may  be.     I  deeply  regret  to 
say  that  in  too  many  cases  it  has  been  clear  to  me  that  professional 
jealousy  has  been  at  the  bottom  of  the  objections  that  have  been 
made,  and  that  no  notice  would  have  been  taken  had  the  candidate 
not  been  at  least  a  potential  rival.      Science  and  Art  Department 
teachers  and  pharmacists  have  been  largely  under  a  ban — yet  both 
classes  are  directly  recognised  by  the  State  :  they  may  not  be  highly 
qualified  as  chemists,  but  the  vanity  which  prompts  them  to  put  on 
our  feathers  is,  after  all,  but  a  form  of  pride  which  afflicts  mankind 
very  generally,  and  not  altogether  unpardonable.     It  is  universally 
held   that   it   is   impossible   to  touch   pitch  without   being   defiled; 
surely  the  antithesis  must  also  be  true — contact  with  virtue  cannot 
ail  to  promote  higher  actions  and  aspirations.     Thus,  if  every  phar- 
macist were  a  Fellow  of  our  Society — as  I  maintain  should  be  the 
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case — and  but  placed  our  Journal  month  bj  month  on  his  counter, 
not  only  might  he  and  his  assistants  derive  inspiration  at  least  from 
the  contemplation  of  its  covers,  but  it  might  well  happen  that  occa- 
sionally a  local  medical  man  who  came  into  the  shop  would  imbibe 
some  grain  of  knowledge  of  a  subject  which  the  wisdom  of  a  "  Conjoint 
Board  "  has  hitherto  placed  practically  beyond  his  ken,  although  the 
machine  whose  operations  he  is  supposed  to  understand  and  repair  is 
but  a  concatenation  of  chemical  changes.  It  is  true  that,  although 
the  pharmacists  arrogate  to  themselves  the  sole  legal  right  to  dub 
themselves  chemists,  they  have  no  proper  claim  to  the  name  in  a  very 
large  number  of  cases ;  but  this  cannot  long  continue :  more  and 
more  is  being  demanded  of  them  every  day,  and  their  status  as  pro- 
fessional men  is  consequently  bound  to  rise,  while  their  position  as 
tradesmen  is  declining,  especially  now  that  they  are  waging  war  so 
actively  against  those  who  sell  poisons  in  any  shape  or  form ;  we  may 
therefore  look  forward  to  the  day  when  they  will  be  chemists  in  effect 
as  well  as  by  name.  There  is  no  good  reason  why  the  local  druggist 
in  the  future  should  not  be  qualified  also  to  act  as  local  analyst,  and 
even  rise  to  the  dignity  of  F.I.C.  It  may  be  that  he  will  fulfil 
even  broader  functions,  and  that  when  the  Church  shall  have  been 
disestablished,  and  the  humanising  and  elevating  influence  of  the 
University-bred  clergyman  shall  consequently  have  been  largely 
eliminated,  the  University-bred  pharmacist  will  step  in  and  assist  to 
fill  the  gap.  The  thorough  course  of  training  already  foreshadowed, 
which  will  undoubtedly  be  given  in  the  schools  of  pharmacy  of  the 
future,  must  have  the  effect  of  placing  the  pharmacist  on  a  high 
level :  in  fact,  unless  some  very  radical  change  be  made  in  the  system 
of  training  medical  men,  and  they  be  taught  the  principles  of  scien- 
tific method,  instead  of  being  allowed  to  crowd  their  memories  with 
mere  facts — of  which  they  can  make  no  proper  use  and  which  escape 
them  almost  as  they  leave  the  examination  rooms — the  pharmacist 
will  ere  long  receive  a  training  so  systematic  and  logical  that  he 
will  be  placed  on  an  intellectual  level  far  higher  than  that  of  the 
average  medical  man.  Let  pharmacists  bear  in  mind  that  formerly 
they  were  the  chemists  of  the  world,  and  that  one  of  the  greatest 
chemists  ever  known  to  the  world — Scheele — was  an  apothecary. 

If  we  have  little  sympathy  with  the  members  of  our  body  who 
make  what  we  regard  as  an  undesirable,  if  not  improper,  use  of  our 
letters,  what  shall  we  say  of  the  person  who  has  the  effrontery  to  use 
them  without  belonging  to  us  ?  In  olden  times  there  were  methods 
of  dealing  with  such  people  ;  nowadays  we  can  only  hope  that  they 
may  in  some  way  arrive  at  a  sense  of  the  impropriety  of  their  con- 
duct. 

The  use  of  our  letters  in  connection  with  advertisements,  to  which 
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I  know  matiT  Fellows  take  objection  in  certain  cases,  raises  one  pf 
those  difficult  questions  of  professional  ethics  which  it  is  hopeless  to 
discuss.  How  can  a  line  be  drawn  ?  The  only  cure  that  I  can 
suggest  is  that  we  should  all  set  an  example.  To  vay  mind,  it  savours  of 
arrogance  to  be  always  reminding  others  of  what  you  are,  proud  though 
you  may  be  of  your  position.  I  have  never  been  able  to  understand 
■why  a  whole  string  of  letters  should  be  put  after  the  name  of  the 
author  of  a  scientific  paper,  as  we  judge  fiom  results,  and  from 
results  alone.  If  the  example  set  us  by  foreign  workers  were  fol- 
lowed, there  would  probably  be  much  less  difficulty  in  repressing  the 
misleading  use  of  letters  indicative  of  membership  of  societies  such 
as  ours. 

The  Society's  publications. — Passing  now  to  our  publications — 
"  The  rank  a  society  holds  will  always  depend  upon  the  number, 
value  and  rapidity  of  its  publications,"  are  words  used  by  Hofmann 
in  addi-essing  this  Society  in  1862  ;  judged  by  this  standard  we  have 
no  reason  to  be  dissatisfied.  The  number  of  communications  during 
the  past  year,  of  which  notices  appear  in  the  Proceedings,  is  131. 

The  volume  of  Transactions  published  in  1893  contains  no  fewer 
than  104  papers,  occupying  1432  pages,  that  published  in  the  previous 
year  having  only  contained  90  papers  occupying  1096  pages. 

The  statistics  relating  to  our  Abstracts  of  papers  published  else- 
where, which,  last  year,  for  the  first  time,  were  issued  in  two  volumes, 
are  as  follows  : — 

Part  I. 

PagP8.        No.  of  Abstracts. 
Organic  Chemistry 744  1,228 

Part  II. 

General  and  Physical  Chemistry  ....  —  263 

Inorganic  Chemistry —  318 

Mineralogical  Chemistry —  122 

Physiological  Chemistry — .  185 

Chemistry   of   Vegetable   Physiology 

and  Agriculture —  95 

Analytical  Chemistry —  435 

Total  in  Part  II 612  1,418 

Total  in  Parts  I  and  II 1,356  2,646 

The  Index  to  the  Proceedings,  Transactions  and  Abstracts  occu- 
pies 158  pages,  and  contains  upwards  of  11,500  entries. 

Compared  with  those  of  the  preceding  year,  these  figures  show  an 


ANNUAL   GENERAL  MEETING.  343 

increase  of  296  papers  abstracted,  although  from  the  more  concise 
style  adopted,  the  abstracts  are  contained  in  180  fewer  pages. 

The  Transactions. — There  are  many  points  of  view  from  which 
these  statistics  invite  comment,  I  have  always  regarded  our  pub- 
lications as  the  life  and  soul  of  our  Society,  and  it  has  always  appeared 
to  me  that  no  trouble  should  be  spared  to  secure  their  absolute 
efficiency.  We  have  every  reason  to  be  very  proud  of  our  Journal  as  it 
is,  but  we  must  not  be  blind  to  the  fact  that  it  may  be  much  improved 
and  made  a  far  more  potent  means  of  aiding  our  Fellows  and 
chemists  generally  who  chose  to  consult  it ;  and  we  ought  not,  in  fact, 
to  spare  any  effort  which  will  ultimately  make  it  a  necessary  part  of 
the  equipment  of  every  chemist  worthy  of  the  name.  We  issue  no 
fewer  than  2115  copies  to  our  Fellows  and  other  societies,  &c.,  and  in 
addition  nearly  400  copies  are  disposed  of  by  our  publishers,  so  that 
about  2500  copies  go  into  circulation. 

Our  Society  has  now  so  thoroughly  established  its  position,  and  is 
so  far  reaching  in  its  organisation,  that  it  has  a  right  to  expect — 
indeed,  demand,  the  support  of  all  chemists  in  the  kingdom,  and  I 
venture  unhesitatingly  to  affirm  that  it  must  be  to  the  advantage  not 
only  of  English  speaking  chemists  hut  of  chemists  generally  that 
such  support  should  be  accorded  to  us. 

Chemical  literature  is  fast  becoming  unmanageable  and  uncontrol- 
able  from  its  very  vastness.  Not  only  is  the  number  of  papers 
increasing  from  year  to  year,  but  new  journals  are  constantly  being 
established.  Something  must  be  done  in  order  to  assist  chemists  to 
remain  in  touch  with  their  subject  and  to  retain  their  hold  on  the 
literature  generally.  This  object  would  be  best  attained  if  chemists 
could  agree  to  publish  everything  in  one  journal ;  but  for  many 
reasons,  and  until  the  world  has  recognised  one  language,  such  an 
idea  must  remain  but  a  dream.  This  being  the  case,  we  must 
endeavour  to  have  as  few  journals  as  possible,  which  is  desirable 
even  from  the  point  of  view  of  our  pockets  and  of  the  ditpensions  of 
our  bookshelves  and  houses,  none  of  which  are  infinitely  elastic.  It 
is  clear  that  in  the  British  Isles  but  one  journal  is  necessary ;  a  large 
majority  of  the  papers  by  workers  in  Bi-itish  laboratories,  containing 
matter  new  to  chemical  science,  are  at  present  communicated  to  us, 
and  I  see  no  reason  why  all  should  not  be.  I  do  not  mean  that  all 
should  be  read  here,  because  the  mere  reading  is  frequently  but  a 
formal  proceeding,  or,  in  some  cases,  may  take  place  with  advantage 
elsewhere.  The  Society  of  Chemical  Industry  has  set  us  a  good 
example  in  this  respect  by  publishing  in  one  journal  the  papers  read 
at  various  places  in  the  country  ;  it  matters  little  that  the  papers  are 
read  before  affiliated  sections  of  the  Society,  as  these  sections  are 
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practically  independent  organisations.     As  regards  our  parent  and 
neighbour,  the  Royal  Society  of  London,  deeply  interested  as  I  am  in 
its  welfare,  and  persuaded  as  I  am  of  its  great  importance  as  an 
organisation   of    the   representatives    of    science    generally   in    this 
country,  I  can  conceive  of  no  reason  why  papers  on  chemical  subjects 
should  be  read  there  unless  they  appeal  to  interests  outside  and  far 
wider  than  those  of  the  chemist  and  which  are  not  represented  in  this 
Society.     Happily  the  day  is  past  when  the  Koyal   Society  put  a 
money  premium  on  the  publication  of  papers  in  its  Transactions  by 
allowing  those  who  had  communicated  a  paper  to  the  Phil.  Trans,  to 
compound  for  £40  instead  of  £70;  but  the  tradition  still  survives, 
the  idea  prevailing  that  publication  of  a  paper  in  the  Transactions 
confers  a  claim  to  the  Fellowship,   the  fact  being,  however,  that  a 
paper  so  published  has  no  greater  value  from  this  point  of  view  than 
the  same  paper  would  have  if  published  by  us,  the  only  difference 
being  that  in  the  former  case  it  assumes  a  more  ornate  appearance, 
being  heavily  spaced  and  printed  with  wide  margins  in  magnificent 
quarto  form.     N"o   doubt,  in  other  ways,  publication  by  the   Royal 
Society  is  at  present  of  special  value  in  some  cases,  as  in  that  of  the 
young  aspirant  for  a  post  as  science  teacher  in  a  school,  or  for  leave 
to  go  on  tour  as  a  County  Council  or  University  Extension  lecturer. 
Again,  I  have  heard  it  said  at  Cambridge  that  the  Dons  attach  value  to  a 
paper  published  by  the  Royal  Society,  but  think  little  of  one  pub- 
lished by  us.     It  is  easy  to  understand  that  a  "  Don"  might  take  up 
such  an  attitude,  but  it  is  time  that  the  interests  of  chemists  were  no 
longer  sacrificed  to  the  views  of  men  who  have  no  individual  judg- 
ment on  scientific  questions,  and  that  the  publication  of  our  papers 
were  decided  on  purely  impersonal  grounds,  solely  on  the  principle 
of  the  greatest  good  for  the  greatest  number.     Be  it  understood,  how- 
ever, 1   make  no  claim  on  behalf  of  this  Society  as  a  society,  but 
desire  merely  to  appeal  to  chemists  throughout  the  kingdom  to  row 
in  one  boat  for  the  general  convenience  and  information  of  chemists 
collectively.      There  is  a  class  of  papers  which  will  be  read  with 
great  advantage  at  the  Royal  Society — so  long  as  it  is  the  custom  to 
read  papers  there,  viz.,  those  dealing  with  borderland   questions  or 
concerning  a  variety  of  scientific  interests.     I  may  quote  as   an  ex- 
ample that  recently  communicated  to  us  by  Mr.   H.   T.  Brown   and 
Dr.  Morris,  which  appeals  both  to  chemists  and  physiologists.  While 
this  would  undoubtedly  have  been  best  discussed   by  a  mixed  audi- 
ence such  as  spontaneously  collects  at  the  Royal  Society,  the  publica- 
tion of  the  paper  by  the  Royal  Society  alone  would,  I  venture  to 
think,  have  been  a  serious  mistake;  such  a  paper  is  invaluable  to 
a  largo  number  of  our  Fellows,  not  only  on  account  of  the  new  results 
which   are   recorded   in   it,   but   more   particularly  because   of   the 
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methods  used  by  its  authors,  aud  of  the  example  it  affords  of  the  way 
in  which  such  problems  are  to  be  grappled  with.  If  published  by  the 
Royal  Society,  it  would  I'each  very  few  chemists  and  botanists,  owing 
to  the  very  limited  circulation  of  that  society's  publications  and  their 
special  character.  It  is  no  answer  to  my  argument  to  say  that 
libraries  and  scientific  institutions  throughout  the  world  receive  the 
Royal  Society's  publications,  and  that  abstracts  of  the  papers  they 
contain  are  published  in  other  journals ;  in  these  busy  times  we  do 
not  read  at  libraries,  &c.,  but  in  railway  trains  and  in  our  scant 
leisure  time  at  home  ;  therefore,  we  must  have  the  papers  at  our  in- 
dividual disposal,  and  in  a  far  more  handy  and  less  expensive  form 
than  that  of  the  Phil.  Trans. ;  such  ponderous  tomes  cannot  be  carried 
about,  and  an  ordinary  brief  abstract  of  such  a  paper  as  that  I  have 
referred  to  is  of  little  use.  As  another  illustration  of  my  argument, 
let  me  take  the  important  memoir  on  the  viscosity  constants  of  a 
large  number  of  organic  liquids  which  formed  the  subject  of  the 
recent  Bakerian  lecture  at  the  Royal  Society  by  our  Treasurer  and 
Mr.  Rodger.  No  paper  could  be  found  more  suitable  for  the  Royal 
Society,  as  it  is  of  the  utmost  importance  to  call  the  attention  both  of 
mathematicians  and  of  physicists  to  the  work  ;  but  while  they  gain  we 
are  losers,  and  it  is  a  question  whether  our  loss  does  not  far  outweigh 
their  gain  ;  putting  aside  the  results,  which  are  of  extreme  interest 
to  us  as  bearing  on  the  great  problem  of  the  interrelationship  of 
structure  and  physical  properties,  the  mere  account  of  work  carried 
out  with  such  precision  is  of  the  highest  value  from  an  educational 
point  of  view,  and  our  Fellows  can  ill  afford  its  loss. 

We  are  able  to  deliver  such  papers  in  a  handy  form  direct  to 
some  2,500  people  within  a  very  short  time  after  they  have  been 
communicated  to  us,  and  we  may  fairly  claim  that  the  service  we 
render  in  distributing  such  classic  works  bears  the  same  relation  to  that 
which  the  Royal  Society  renders  under  its  present  system,  as  the 
service  which  the  cheap  press  of  our  day  renders  bears  to  that  which 
was  formerly  rendered  by  the  small  expensive  editions  of  years  ago. 

It  seems  to  me,  therefore,  that  eventually  one  of  two  courses  must 
be  adopted  in  this  country — either  the  societies  engaged  in  doing 
similar  work  must  become  aflBliated,  or  our  Society  must  return  to 
the  practice  of  early  days  and  publish  lengthy  abstracts  of  papers 
communicated  to  societies  such  as  the  Royal  Societies  of  London  and 
Edinburgh,  in  order  to  bring  these  papers  properly  under  the  notice  of 
chemists  generally.  The  former  course  would  involve  an  agreement 
amongst  us  to  print  in  some  uniform  manner,  less  expensive,  magnifi- 
cent and  stately  than  that  adopted  by  the  Royal  Societies  ;  a  some- 
what larger  octavo  than  that  of  our  present  journal  would  probably 
suffice,  such  as  is  adopted  for  the  Annals  of  Botany.      If  such  an 
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agreement  were  arrived  at,  a  paper  read  and  discussed  before  the 
Royal  Society  of  London  or  Edinburgh,  for  example,  might  be  printed 
ofF,  and  the  necessary  number  of  copies  supplied  to  the  Society,  while, 
if  the  paper  interested  chemists,  we  might  at  the  same  time  take  an 
appropriate  number,  and  issue  the  paper  as  part  of  our  Transactions. 
In  the  case  of  papers  such  as  that  of  Brown  and  Morris,  the  physio- 
logists— who  meanwhile,  it  is  to  be  supposed,  will  have  acquired  courace 
enough  to  assume  corporate  existence  and  to  undertake  the  responsi- 
bilities of  an  official  journal — might  also  take  their  share  of  copies, 
and  include  the  paper  in  their  journal.  The  only  objection  that  I  see 
to  the  adoption  of  this  practice,  but  it  is  one  of  weight,  arises  from  the 
inordinate  prolixity,  not  to  say  verbosity,  which  appears  to  character- 
ise a  large  proportion  of  writers  of  papers  published  in  the  Fhil.  Trans., 
and  which  not  only  makes  their  papers  unduly  costly  to  publish,  but 
also  unreadable.  I  have  actually  heard  it  soberly  stated  that  to  find 
out  what  some  of  them  are  about,  it  would  be  almost  easier,  and  cer- 
tainly more  profitable,  to  repeat  the  work  than  to  attempt  to  do  so  by 
reading  the  papers.  All  sense  of  proportion  being  lost,  and  no  distinc- 
tion being  made  between  what  is  really  essential  and  what  is  not  in 
such  papers,  their  perusal  becomes  wearisome  in  the  extreme,  and  at- 
tended with  little  advantage;  therefore, perhaps, the  alternative  method 
of  publishing  carefully-prepared  full  digests  of  such  papers  would  be 
the  more  useful  coarse  to  adopt.  On  comparing  with  the  originals, 
the  digests  of  papers  in  the  Fhil.  Trans.,  published  in  our  quarterly 
journal,  and  prepared  by  that  prince  of  abstractors,  our  late  editor, 
Henry  Watts,  it  is  clear  that  in  not  a  few  cases  the  digests  are  superior 
to  the  originals ;  and  as  writers,  on  the  average,  appear  to  be  less 
careful  than  they  were  in  those  dajs,  the  advantage  now  to  be  derived 
from  free  and  judicious  pruning  is  proportionately  greater. 

The  policy  thus  advocated  with  reference  to  English  chemical 
papers  is  already  being  elsewhere  adopted.  The  Monatshefte  filr 
Ghemie,  for  example,  is  advisedly  a  collection  of  the  papers  of 
Austrian  chemists,  although,  unfortunately,  this  does  not  yet  include 
the  whole  of  the  work  done  in  Austria-Hungary.  The  Gazzetta 
cMmica  italiana  appears  to  contain  very  nearly  all  the  Italian  work. 
All  that  is  done  in  Holland  is  brought  together  in  the  Becueil  cles 
travaux  chimique  des  Fays-Bas.  France  and  Germany,  however,  each 
have  a  variety  of  journals.  In  France,  the  prestige  of  the  Academy 
is  such  that  for  some  time  to  come  it  will  probably  be  difficult  to  con- 
solidate the  interests  of  French  chemists.  In  Germany,  however,  the 
Deutsche  chemische  Gesellschaft  is  no  longer  hampered  by  the  words 
zu  Berlin,  which  it  has  boldly  dropped,  while  we  still  remain  the 
Chemical  Society  of  London  in  name ;  it  is  to  be  hoped  that  in  the 
interests  of  the  scientific  world  it  wJU  ere  long  acquire  and  quash  the 
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private  interests  by  which  other  journals  are  supported.  I  see  no 
good  reason  even  why  journals  devoted  to  special  branches  of  our 
subject  should  exist,  and  I  regard  the  appearance,  for  example,  o£ 
a  special  journal  of  inorganic  chemistry  as  an  unmitigated  evil. 
Political  colouring  and  a  tendency  to  adopt  methods  akin  to  those  of 
the  newspaper  editor,  of  which  we  have  had  evidence  in  one  of  these 
journals,  are  most  undesirable  features  in  science.  Moreover,  we  can- 
not afford  to  buy  everything;  and  no  effort  should  be  spared  to  pre- 
vent our  being  split  up  into  factions  and  becoming  narrow  minded 
specialists :  the  more  the  student  of  chemistry — and  every  original 
worker  must  be  and  remain  a  student  throughout  his  life — is  brought 
directly  into  contact  with  the  work  which  is  being  done  in  the  several 
departments  of  his  science,  the  better  it  will  be  for  him ;  he  cannot 
and  need  not  read  everything,  but  do  not  let  us  deprive  him  of  the 
opportunity  of  easily  indulging  in  a  mixed  diet,  and  of  exercising  his 
mental  faculties  generally,  while  devoting  himself  specially  to  some 
one  section  of  the  vast  subject  which  it  is  the  privilege  of  the  chemist 
to  command. 

To  complete  my  scheme — which  I  trust  is  not  altogether  visionary, 
for  so  great  is  the  toleration  and  sympathy  between  all  true-minded 
scientific  workers  that  if  union  be  possible  in  any  field  of  human 
activity  it  is  possible  in  the  field  of  science — it  will  be  necessary  that 
the  Scandinavian  and  Danish  chemists,  say,  should  unite  ;  and  also  that 
the  Russian  chemists  should  give  us  a  "  recueil  des  travaux  chimiques  " 
in  French^  so  that  the  world  may  no  longer  be  deprived  of  the  know- 
ledge of  their  labours,  which  we  know,  from  experience,  are  of  high 
value.  As  to  America,  it  would  bo  a  great  achievement  if  the  political 
separation  of  our  two  nations  could  be  disregarded  and  we  were  to 
unite  with  our  cousins  in  establishing  one  journal  for  the  publication 
of  the  work  of  chemists  speaking  English.  There  would  be  no  real 
difficulty  in  doing  this  in  these  days  of  type-written  manuscript,  the 
proof  of  which  need  but  be  revised  by  the  printers'  reader.  But  if 
motives  of  expediency  render  such  union  impracticable,  then  it  is  to 
be  hoped  that  steps  maybe  taken  to  make  the  title  American  Chemical 
Journal  truly  and  completely  significant.  I  hope  that  we  shall  be 
.successful  in  arranging  to  cooperate  with  all  chemists  in  our  own 
colonies  and  India. 

It  is  a  corollary  to  my  proposition  that  we  should  cease  to  publish 
a  paper  in  several  journals,  a  proceeding  which,  as  a  rule  is  dictated 
by  personal  motives.  I  will  venture  to  point  out  that,  at  least  in  my 
opinion,  our  rule — 

"  That  communications  to  the  Society  which  have  previously 
appeared  in  any  foreign  journal  be  not  published  in  the  Society's 
Transactions  unless  specially  recommended  to  the  Council  for 
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publication  by  the  Pablication  Committee,  and  approved  by  tbe 
Council  for  publication," 

is  broken  in  spirit  by  the  publication  elsewhere  of  papers  subsequently 
to  their  appearance  in  our  Journal.  When  I  have  pointed  this  out, 
I  have  been  told  that  such  a  course  was  adopted  because  no  attention 
•was  paid  by  foreign  workers  to  papers  published  in  our  Journal ;  no 
doubt  this  is,  in  a  measure,  true,  but  the  fault  is  not  ours,  and  the 
one  way  to  enforce  attention  to  our  labours  is  to  make  our  Journal  an 
essential  element  of  the  chemical  literature  of  the  world.  The 
practice  of  sending  a  condensed  summary  of  the  results  elsewhere 
and  subsequently  sending  us  a  lengthy  paper  on  the  same  subject, 
embodying  details  which,  for  the  most  part,  might  have  remained  on 
record  in  the  laboratory  note-book,  is,  I  think,  still  more  reprehen- 
sible ;  we  have  the  first  claim  on  our  Fellows,  and  it  should  be  our 
pride  and  theirs  to  communicate  the  first  fruits  of  their  labours  to 
the  world  through  us,  and  us  alone,  and  to  describe  the  outcome  of 
labours  carried  on  in  British  laboratories  in  our  British  Journal. 
Lastly,  I  think  we  are  not  treated  fairly  by  those  who  communicate 
chemical  papers  which  they  deem  of  importance  to  other  societies, 
and  then  offer  us  short  notes  on  minor  issues  which  might  well  have 
formed  foot-notes  in  the  original  papers. 

In  making  these  sug-gestions,  I  am  but  repeating  views  expressed 
and  acted  on  at  the  very  outset  of  the  career  of  this  Society  by  its 
foundei-s.  Thus,  in  1842  it  was  resolved  that  the  Council  consider  it 
inconsistent  with  the  reputation  of  the  Society  and  not  advisable  to 
publish  the  papers  forwarded  to  them  through  Dr.  L.  Playfair,  they 
having  been  read  at  the  British  Association  in  Manchester,  and 
having  appeared  in  a  condensed  form  in  the  local  papers  and  periodi- 
cals of  the  day  before  they  were  laid  before  the  Chemical  Society. 
Moreover,  at  the  very  first  meeting  of  the  Council  of  our  Society,  it 
was  resolved  that  if  any  paper  be  sent  to  the  Society  which  the 
author  may  wish  to  publish  in  any  journal  (other  than  that  of  the 
Society),  it  shall  be  compulsory,  in  such  publication,  to  specify  that 
the  paper  was  read  before  the  Chemical  Society,  together  with  the 
date  of  such  reading,  and  the  Society  will  not  pledge  themselves  to 
publish  such  communication  in  their  Proceedings  or  Transactions. 
Not  long  afterwards  this  was  reinforced  by  the  resolution  that  authors 
publishing  their  papei\s  in  foreign  journals  should  specify  the  date  of 
reading  at  the  Chemical  Society  of  London,  or  the  Society  not  to 
publish. 

I  believe  that  we  shall  do  considerable  service  if  these  rules  are 
reenacted  as  rules  of  this  Society,  and  if  we  cease  to  regard  them 
from  the  point  of  view  which  animated  the  House  of  Commons  a 
night  or  two  ago,  when  dealing  with  its  rule  with  reference  to  the 
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interference  of  Peers  at  elections ;  we  must  consolidate  the  interests 
of  chemists  in  this  country,  in  order  that  their  work  may  be  treated 
with  the  respect  it  deserves  and  that  we  may  confront  the  enemy 
with  undivided  forces. 

While  it  is  our  function  to  deal  with  papers  embodying  discoveries 
in  chemical  science,  the  Society  of  Chemical  Industry  deals  with  the 
applications  of  chemical  science  to  industry;  may  I  venture  to  utter 
a  note  of  warning  and  supplication  regarding  the  increasing  discon- 
tinuity of  operations  in  this  field  ?  Surely  it  is  of  high  importance 
that  this  Society  should  focus  all  information  concerning  applications 
of  chemical  science  to  industry  carried  out  in  British  works,  &c 
Unfortunately,  a  few  years  ago,  an  independent  journal  was  established 
by  the  Dyers  and  Colourists,  and  later  on  a  vigorous  new  body  came 
into  existence  which  is  now  known  as  the  Institute  of  Brewing  ;  quite 
recently  Institutes  of  Brewing  have  been  established  at  Manchester 
and  Birmingham.  These  different  bodies  are  all  publishing  valuable 
matter,  several  of  the  papers  read  to  the  Institute  of  Brewing  being  of 
great  interest  not  only  to  the  brewers  but  to  chemists  generally.  No 
time  should  be  lost  in  afiBIiating  these  bodies  for  the  purposes  of  pub- 
lication ;  if  their  members  have  not  sufficient  public  spirit  to  support 
the  Society  of  Chemical  Industry  as  a  whole,  let  reprints  of  the  papers 
in  the  Journal  of  this  Society  which  concern  the  members  of  the 
different  bodies  in  question  be  sent  out  to  them ;  but  I  trust  that 
the  broad  view  will  prevail. 

It  would  also  be  advantageous  if  the  pioeeedings  of  the  Society  of 
Public  Analysts  were  reported  in  the  same  journal,  as  it  is  the 
province  of  this  Society  to  deal  with  certain  technical  applications  of 
analytical  chemistry.  Admirable  as  is  the  growth  of  the  feeling  of 
local  self  government,  unless  care  be  taken  to  avoid  the  subdivision 
of  interests  which  it  necessarily  involves,  it  may  have  consequences 
from  which  it  is  the  general  desire  to  escape — undue  specialisation 
and  narrowness  of  purview. 

There  has  been  much  discussion  during  the  past  few  months,  espe- 
cially in  the  columns  of  Nature,  on  the  question  of  the  publication  of 
physical  papers,  which,  strange  to  say,  is  in  a  very  inchoate  condition. 
I  feel  sure  that  the  problem  will  soon  be  successfully  solved  by 
the  Physical  Society  boldly  coming  forward  and  undertaking  to  do 
for  physics  what  we  have  proved  can  be  done  for  chemistry ;  there  is 
no  other  solution  possible,  and  the  needs  of  physics  are  so  great  that 
no  time  should  be  lost.  We,  in  this  Society,  can  never  be  too  grateful 
to  Professor  Williamson  for  having  led  the  storming  party  to  victory 
which  established  our  system  of  abstracts  ;  he  foresaw  that  when  such 
a  scheme  was  successfully  launched  it  was  bound  to  become  self- 
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supportinn^,  and  such  has  lono:  since  proved  to  be  the  case.  Let  ns  hope 
that  the  physicists  have  at  their  disposal  some  one  equally  bold  and 
farsighted,  who  will  overcome  the  fears  of  the  timid,  and  initiate  a 
thoroughly  comprehensive  scheme.  Chemiats  are  directly  interested 
in  the  work,  as  we  are  bound  to  take  notice  of  the  progress  of  physics, 
and  the  want  of  an  English  record  is  much  felt  by  us.  "We  had  no 
society  with  cognate  aims  to  help  us,  so  that  the  physicists  are  in  a 
far  stronger  position  than  we  were,  as  the  Institution  of  Electrical 
Engineers  should  be  prepared  to  forward  such  a  cause.  I  believe  it 
will  be  found  to  be  of  the  utmost  importance  to  them  to  do  so.  In- 
deed, the  electrical  engineer  of  the  present  day,  I  fear,  is  fast  becoming 
a  specialist  of  the  deepest  dye  :  having  had  experience  of  several 
hundreds,  I  know  that  when  a  student  he  is  most  difficult  to  deal  with, 
as  he  will  only  pay  attention,  even  in  physics,  to  what  he  believes  to 
be  of  immediate  importance  to  him ;  as  to  chemistry,  he  will  scarce 
notice  it,  forgettinsr,  or  not  realising,  that  the  whole  field  of  electro- 
chemistry is  yet  untilled.  It  is,  therefore,  very  necessary  that  no 
effort  should  be  spared  to  make  the  electrical  engineer  better  informed 
regarding  physics  generally. 

Having  spoken  at  length  with  reference  to  the  character  of  our 
Journal,  let  me  point  ont  that  there  are  ways  in  which  those  who 
contribute  to  it  may  help  us  to  promote  its  efficiency.  When  reference 
is  made  to  onr  balance  sheet,  it  will  be  seen  that  the  Journal  is  a  very 
costly  possession,  and  there  can  be  no  doubt  that  as  years  go  on  it 
will  become  far  more  so  ;  we,  therefore,  ought  to  be  careful  to  conduct 
its  publication  as  economically  as  possible.  During  the  past  15  years, 
few  papers  have  been  communicated  to  the  Society  which  I  have  not 
read  in  manuscript,  and  I  regret  to  say  that  experience  has  taught 
me  that  many  authors  are  by  no  means  sufficiently  careful  in  compos- 
ing their  papers.  The  consequence  is  that  the  editor  often  has  a  very 
difficult  and  invidious  task  to  perform,  and  frequently  also  the  bill 
for  corrections  which  we  are  called  on  to  pay  is  a  heavy  one.  Far 
too  often  the  papers  that  are  sent  to  us  are  little  more  than  mere 
transcripts  of  the  laboratory  notes.  This  ought  not  to  be.  We  all 
know  that  the  writing  out  of  the  account  of  our  work  is  often  a 
wearisome  and  difficult  task,  which  is  left  to  the  very  last ;  but  having 
done  work  which  we  believe  to  be  sound,  it  should  be  our  pride  to 
describe  it  in  clear  and  suitable  terms. 

Some  agreement  as  to  the  way  in  which  our  results  should  be  sub- 
mitted for  publication  must  ere  long  be  arrived  at ;  as  the  subject  has 
also  occupied  the  attention  of  the  Deutsche  chemische  Gesellschnft,  it  is 
clear  that  it  is  erenerally  felt  that  our  present  method  is  not  an  alto- 
gether satisfactory  one.     It  is  not  only  tha^t  papers  full  of  detail  are 
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costly  to  publish  ;  they  are  also  difficult  to  read  and  understand,  and 
eminently  uninteresting.  My  own  view  is  that  we  attach  far  too 
much  importance  to  the  description  of  every  detail  of  our  work,  and 
that,  inasmuch  as  the  operations  we  perform  are  of  a  very  similar 
character,  and  are  but  repeated  over  and  over  again,  we  might  more 
often  than  not  curtail  the  account  we  give  of  our  procedure  to  a 
very  great  extent.  There  are  cases  in  which  rigid  adherence  to  a 
very  definite  and  narrow  course  of  action  is  requisite  for  success,  but 
how  often  ?  Usually,  I  believe,  the  statement  that  from  such  and 
such  materials,  operating  generally  under  certain  broadly  specified 
conditions,  a  certain  result  may  be  expected,  is  sufficient  to  enable 
the  competent  workman  to  succeed  in  repeating  the  work.  Our  papei-s 
are  written  too  much  from  the  point  of  view  of  the  beginner,  to  whom 
all  is  new,  and  who,  therefore,  is  not  able  to  judge  whether  there  is 
novelty  in  what  he  has  done  ;  and  who,  moreover,  is  anxious  to 
produce  a  paper  of  some  length  as  impressive  evidence  of  the  severity 
of  his  labours. 

The  modern  practice  of  writing  a  so-called  theoretical  introduction 
to  a  paper,  followed  by  an  experimental  part,  has  its  advantages,  but 
is  liable  to  be  very  much  abused,  there  being  often  great  overlapping 
of  the  two  parts  and  much  repetition  of  the  one  in  the  other.  In 
writing  papers  on  this  plan,  the  young  Ph.D.  especially,  anxious  to 
announce  his  return  to  his  native  shores  with  full  honours  of  war, 
often  uses  formulae  far  too  profusely  and  by  the  frequent  use  of 
special  headings  spi'cads  out  his  matter  to  the  greatest  possible 
extent,  forgetting  not  only  that  paper  costs  money  but  that  he  is 
thereby  unduly  contributing  to  the  enlargement  of  an  already  too 
bulky  literature.  Then,  as  regards  the  publication  of  analytical 
data  and  results  generally,  I  would  ask,  is  it  necessary  that  we  should 
continue  to  publish  these  in  such  detail  ?  We  ought  always  to 
assure  ourselves  that  the  data  we  obtain  ai-e  correctly  reduced  to  per- 
centages, but  having  done  this,  the  statement  of  the  percentages  is 
sufficient  in  most  cases.  As  a  matter  of  fact,  I  imagine  that  the 
analytical  data  quoted  in  a  paper,  as  a  rule,  ai'e  of  little  use  as  such 
to  the  reader,  and  serve  mainly  as  evidence  of  hona  fides,  and  that  the 
conclusions  drawn  are  not  based  on  imagination  alone.  Much  space 
might  be  saved  and  the  literary  style  of  our  writings  greatly  im- 
proved, if  such  analytical  data  as  it  is  deemed  desirable  to  publish 
were  relegated  to  tables  appended  to  the  papers. 

The  importance  of  supplying  clearly  and  neatly  written  manuscript 
cannot  be  overrated,  and  it  may  be  desirable  in  the  future,  in  order  to 
economise  expense,  to  require  authors  whose  handwriting  is  not  very 
legible  to  supply  type-written  copy.  The  ideal  to  be  aimed  at  is  a 
paper  so  clearly  and  carefully  written  that  it  will  suffice  to  leave  the 
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correcting  of  the  proof  in  the  hands  of  the  printer's  reader  ;  it  woald 
then  be  easy,  if  desirable,  to  issue  the  Transactions  fortnightly — a 
consummation  which,  I  trust,  however,  will  not  soon  be  arrived  at,  as 
the  feverish  haste  characteristic  of  our  time  has  a  most  unhealthy 
influence  on  the  character  of  our  work  and  cannot  be  too  much 
deprecated.  "JV^wr  Jceine  unreifen  Fruchte,  meine  Herren,^'  are  words 
which  1  have  heard  Kekule  utter  with  emphasis,  in  public,  on  more 
than  one  occasion,  and  which  desei've  to  be  more  often  heeded. 

Then  1  will  venture,  with  all  submission,  to  suggest  that  we  might, 
with  advantage,  often  be  far  more  careful  in  our  choice  of  terras.  I 
fear  that,  as  a  body,  we  are  deBcient  in  literary  sense,  and  that  we 
often  make  use  of  expressions  which,  to  say  the  least,  are  very  ugly, 
and  I  question  whether,  in  some  cases,  a  pei'son  not  versed  in  our 
style  would  understand  our  meaning. 

For  example,  we  speak  of  an  action  taking  place  with  formation  of, 
&c. ;  of  a  substance  melting  with  decomposition;  and,  lately,  I  even 
read  in  one  of  our  papers  that  a  substance,  when  distilled  in  a  current 
of  steam,  was  found  to  pass  over  with  partial  decomposition.    Although 
it  is  easy  to  understand  how  such  expressions  arise,  the  use  of  "  with  " 
in  these  ways  always  appears  to  me  both  inelegant  and  undesirable  ; 
in  this  last  case,  what  was  meant  was,  "  that  when  distilled  in  a  current 
of  steam,  the  substance  was  partially  decomposed,"  a  statement  which 
conveys  the  full  meaning  in  far  fewer  words.     In  fact,  we  go  much 
out  of  our  way  to  be  diffuse,  as  in  the  expressions  "for  the  conversion 
of  this  body  into,"  instead  of   "  to  convert  this  substance  into,"  or 
"  the  reaction  does  not  simply  result  in  the  formation  of,"  for  "  the 
action  does  not  simply  afford."     Very  many  such  illustrations  might 
be  given.     Our  editors,  I  know,  spend  much  of  their  time  in  altering 
compared  to  into    compared  with,  analogous  ivith  into  analogous  to, 
different  to  into  different  from,  and  in  substituting  on  for  upon  when 
there  is  no  question  of  an  active  transitive  verb.     Some  of  the  ex- 
pressions that  are  creeping  into  use  are  truly  horrible — thus,  some  do 
not  hesitate  to  speak  of  an  acid  splitting  off  carbon  dioxide,  meaning 
however,  that  it  is  split  off  from  and  not  hy  the  acid.     I  have  even 
seen  this  expression  in  Liebig's  Annalen.     Then,  why  should  we  not  be 
satisfied  with  the  single  word  pure — why  speak  of  chemically  pui-e  and 
quite  pure  substances  when  there  can  be  no  degrees  of  purity  ?     As  a 
matter  of  fact,  we  have  no  right  ever  to  speak  of  our  substances  as 
pure,  as  they  are,  at  most,  highly  purified.     Again,  molecular  propor- 
tions means  all  that  those  who   speak  of  equal  molecular  or  equi- 
molecular  proportions  desire  to  imply. 

Much  may  undoubtedly  be  done  by  care  in  the  choice  of  terms 
to  make  our  language  both  more  concise  and  more  expressive 
of  our  meaning :  thus,   "  hydrolyse,"   which  is  now  very  generally 
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■ased  in  place  of  "saponify,"  is,  undoubtedly,  far  more  significant 
•and  much  easier  to  explain  ;  "  displace  "  is  more  descriptive  of  our 
meaning  than  is  "  replace  " ;  in  like  manner,  interact  expresses  the 
idea  that  we  have  in  our  minds  that  two  substances  entering  into  a 
chemical  change  mutually  act  on  one  another — more  often  than  not 
exchanging  radicles — which  react  does  not  convey :  an  objection 
which  has  led  to  the  suggestion  of  the  word  metathesis  as  expres- 
sive of  an  interchange  or  so-called  double  decomposition.  Chemical 
agents  and  actions,  it  may  be  added,  are  words  as  expressive  as 
reagents  and  reactions,  and  should  displace  them.  The  fact  is  that 
in  these  matters  we  are  creatures  of  liabifc,  and  slavish  imitators- 
Nothing  illustrates  this  better  than  the  inaccurate  habit  which 
chemists  very  generally  display  of  representing  hydi'ogen,  oxygen, 
&c.,  in  equations  by  the  symbols  H,  0,  &c.,  which  is  as  unpardon- 
able as  to  represent  ethylene  as  CH2,  or  ethane  as  CH3 ;  we  do  this 
notwithstanding  that  we  have  accepted  Avogadro's  theorem  as  the 
basis  of  our  entire  system  of  molecular  and  atomic  weights,  and  not- 
withstanding that  we  believe  that  the  molecules  of  the  elementary 
gases  are  all  of  a  compound  nature. 

The  Publication  Committee  some  time  ago  decided  that,  in  order 
io  save  space,  symbols  such  as  H2O,  CO2  and  Nj  should  be  used  in 
expressing  the  results  of  analyses  :  yet  my  friend  the  editor  still  uses 
the  word  nitrogen  in  place  of  the  symbol  Nj,  although  he  does  not 
hesitate  to  use  the  symbols  CO2  and  H2O — so  conservative  are  we 
in  our  prejudices.  The  difiBculty  will  probably  not  be  removed  till 
we  agree  to  give  different  names  to  the  elements  as  we  know  them, 
and  to  the  stuffs  of  which  they  are  composed  :  thus  it  would  be  very 
convenient  to  adopt  azote  as  the  name  for  the  gas,  and  restrict  it  to 
the  gas,  and  to  call  only  the  stuff  which  we  symbolise  by  N,  nitrogen ; 
in  like  manner,  the  name  oxygen  ought  to  be  reserved  for  that  con- 
stituent of  oxygen,  ozone  and  oxygen  compounds  generally  which  we 
symbolise  by  O,  in  which  case  a  name  would  be  required  for  the  gas; 
might  we  not  call  this  zote  ? 

No  doubt  in  these  matters  it  is  easy  to  strain  at  a  gnat  and  swallow 
a  camel,  and  much  depends  on  individual  taste :  thus  many  object 
to  the  use  of  "  result "  as  a  verb ;  personally,  I  dislike  hody  as  a 
synonym  for  compound  or  substance — although  it  is  good  Saxon, 
I  believe,  it  seems  to  me  to  have  a  collective  meaning,  and  to 
convey  an  idea  altogether  foreign  to  any  conception  of  a  "  chemical 
individual." 

These  matters  would  not  be  worth  a  moment's  consideration  here, 
however,  were  it  not  that  I  believe  that  in  failing  to  cultivate  the 
habit  of  exactly  expressing  ourselves — of  considering  the  exact  shade 
of  meaning  of  every  expression  we  use — we  are  also  failing  to  culti- 
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vate  those  exact  habits  of  mind  on  which  our  success  as  students  of 
nature  entirely  depends.  As  enforcing  raj  meaning,  I  venture  to 
quote  the  following  passage  from  the  delightful  translation  we  owe 
to  Dr.  Atkinson,  of  von  Helmholtz's  autobiographical  address  on  the 
occasion  of  his  jubilee. 

"  The  writing  out  of  scientific  investigations  is  usually  a  trouble- 
some affair  ;  at  any  rate  it  has  been  so  to  me.  Many  parts  of  my 
memoirs  I  have  rewritten  five  or  six  times,  and  have  changed  the 
order  about,  until  I  was  fairly  satisfied.  But  the  author  has  a  great 
advantage  in  such  a  careful  wording  of  his  work.  It  compels  him  to 
make  the  severest  criticism  of  each  sentence  and  each  conclusion, 
more  thoroughly  even  than  the  lectures  at  the  University  which  I 
have  mentioned.  I  have  never  considered  an  investigation  finished 
until  it  was  formulated  in  writing  completely,  and  without  any 
logical  deficiencies." 

Abstracts. — Having  said  so  much  of  our  work  in  connection  with 
the  Transactions,  let  me  next  refer  to  that  most  important  section  of 
our  Journal  containing  the  abstracts  of  papers  published  elsewhere. 
We  are  much  indebted  to  Mr.  Greenaway  for  the  supervision  of  the 
abstracts,  and  the  manner  in  which  he  performs  the  task  allotted  to 
him  is  beyond  all  praise.  We  are  also  indebted  to  the  abstractors, 
whose  work  must  always  be  largely  a  labour  of  love.  Occasionally 
it  is  obvious  that  an  abstractor  is  not  in  sympathy  with  the  sub- 
iect  which  he  is  called  on  to  deal  with,  and  the  abstract  he  fur- 
nishes is  consequently  somewhat  too  formal,  or  fails  to  convey  a. 
correct  impression  ;  but  on  the  whole  the  work  is  done  with  mar- 
vellous fidelity  and  care.  The  service  which  the  abstractors  thus 
render  to  the  Society  is  immense ;  but,  on  the  other  hand,  I  venture 
to  think  that  they  gain  invaluable  experience  while  serving  us.  I 
shall  always  look  back  with  pleasure  to  the  time  when  I  was  num- 
bered among  them,  and  gratefully  bear  in  mind  the  advantage  I 
derived  from  the  suggestions  of  the  then  editor,  Henry  Watts. 
Recognising  that  it  is  impossible  to  put  evei'ything  into  an  abstract^ 
and  that  they  cannot  be  expected  to  contain  details  relating  to  the 
preparation  of  substances,  &c.,  the  Publication  Committee,  through 
the  editors,  some  few  months  ago,  drew  the  attention  of  abstractors 
to  the  importance  of  conciseness.  The  result  has  been  satisfactory, 
ap,  the  abstracts  have  in  consequence  been  considerably  curtailed  in 
length,  without  in  most  cases  any  serious  omission  of  important 
matter.  Still  it  is  easy  to  go  too  far  in  this  direction,  and  a  very 
serious  responsibility  therefore  rests  upon  our  abstractors,  who  are 
required  to  display  great  judgment.  We  all  know  that  it  is  far 
easier  and  that  it  takes  far  less  time  to  write  a  long  abstract,  which 
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also  pays  better  than  a  short  one,  so  that  our  staff  are  certainly  called 
on  to  school  themselves  very  severely.  What  we  want  to  be  informed 
of  in  the  abstract  is,  what  the  paper  is  aboat :  the  author's  motive ; 
what  he  has  done ;  what  the  results  are  that  he  has  obtained  ;  and 
what  are  the  characteristic  properties  of  the  new  substances  he 
describes.  As  clear  an  idea  as  possible  must  be  given  as  to  what  can 
be  found  in  the  paper. 

I  hope,  however,  that  ere  long  we  shall  vastly  improve  oar  system  ; 
the  subject  has  long  occupied  my  attention,  and  I  have  had  many 
discussions  with  friends  as  to  ways  and  means.  Although  we  must 
have  abstracts  of  all  papers  bearing  on  our  subject — a  result  we  have 
by  no  means  yet  arrived  at — put  into  our  hands  with  the  least  possible 
delay,  I  am  persuaded  that  we  now  require  something  more  in  addi- 
tion, viz.,  monographs  which  will  tell  us  exactly  what  is  the  state  of 
knowledge  in  the  particular  little  chapter  of  the  subject  of  which  each 
monograph  treats.  Consider  the  labour  that  is  involved  at  the  present 
day  in  finding  out  all  that  has  been  done  during  recent  years,  for  example, 
relating  to  the  sugars,  the  terpenes  or  camphor,  the  supposed  stereo- 
isomerism of  nitrogen  compounds,  and  other  subjects  too  numerous 
to  mention.  It  will  not  be  an  easy  matter  to  provide  such  reports, 
but  I  trust  that  it  may  be  permitted  to  me  to  endeavour  to  carry  a 
workable  scheme  into  execution  ;  their  value  would  be  so  great,  that 
I  am  sure  my  colleagues  generally  will  support  me  and  help  in  their 
production. 

The  Proceedings. — A  section  of  our  publications  in  which  I  have 
taken  special  interest  is  the  Proceedings,  and,  as  I  must  now  hand  over 
my  little  more  than,  nine-years-old  child  to  the  care  of  others,  it  may 
not  be  out  of  place  if  I  put  on  record  my  views  as  to  the  manner  in 
which  I  should  like  to  see  its  education  conducted  in  the  future.  The 
Proceedings,  in  my  opinion,  should  be  in  every  way  an  ofticial  pub- 
lication, entirely  under  the  control  of  its  recognised  oflB^cial  editors, 
the  Secretaries.  Apai-t  from  official  notices,  it  should  contain  abstracts 
of  papers  which  will  appear  in  full  in  the  Transactions ;  short 
papers  which  it  is  unnecessary  to  publish  in  greater  detail ;  papers 
which  are  of  the  nature  of  preliminary  communications  ;  and  reports 
of  discussions  or  reniarks  made  at  the  meetings.  In  my  experience, 
authors  are  frequently  bad  abstractors,  and  do  not  always  state  with 
sufficient  clearness  what  their  paper  is  about  and  what  is  to  be  found 
in  it;  on  the  other  hand,  forgetting  that  the  paper  will  presumably 
appear  in  the  Transactions,  they  often  overload  the  abstract  with  detail: 
the  editor  of  the  Proceedings  should  have  absolute  liberty  to  deal  with 
abstracts  of  this  kind  in  order  that,  without  being  unduly  long,  they 
may  simply  give  expression  to  the  facts  of  the  paper.     The  short 
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papers  I  have  referred  to  often  require  a  considerable  amount  of 
editing,  as  they  not  infrequently  come  from  those  who  have  but  little 
experience.  Preliminary  communications  must  necessarily  be  pub- 
lished much  in  the  form  in  which  they  are  submitted  to  the  Society^ 
subject  only  to  minor  verbal  alterations  which  in  no  way  affect  their 
significance.  In  reporting  discussions  or  remarks,  one  principle  alone 
has  guided  me,  viz.,  that  it  is  undesirable  to  report  anything  unless 
it  be  a  fair  criticism  of  an  author's  statements,  or  an  amplification  or 
explanation  thereof  embodying  some  novelty.  Nothing  personal  or 
savouring  of  advertisement  should  be  reported.  In  my  opinion,  more- 
over, the  points  made  during  the  discussion  should  be  reported — not 
the  ipsissima  verba  of  the  speakers.  In  many  cases  it  is  desirable  tO' 
obtain  written  statements  from  speakers  and  to  duly  edit  and  tie 
these  together.  It  must  be  admitted  to  be  impossible,  as  a  rule,  to 
supply  a  proof  of  matter  published  in  the  Proceedings.  It  is  desir- 
able to  adopt  a  uniform  system  of  nomenclature,  and  to  economise 
space  in  every  possible  way.  Lastly,  the  editor  of  the  Proceedings 
must  recognise  that  it  is  impossible  to  please  everybody,  and  there- 
fore he  must  strive  to  do  what  he  considers  to  be  his  duty  to  the 
Society  at  large.  I  think  many  of  our  Fellows  have  yet  to  realise 
how  much  the  Proceedings  may  be  made  to  contribute  to  the  progress 
of  our  work.  In  these  days,  it  is  rarely  possible  to  await  the  com- 
pletion of  an  investigation,  and  it  is  essential  to  put  on  record,  from 
time  to  time,  what  has  been  done,  in  order  both  to  secure  those 
privileges  which  every  discoverer  has  the  right  to  claim,  and  to  aid 
others  who  are  engaged  in  similar  work.  The  Frocsedings  naay  well 
be  used  for  this  purpose.  Ultimately,  an  account  may  be  given  of  the 
whole  investigation,  including  all  necessary  detail  :  such  memoirs,  in 
which  the  results  are  displayed  in  a  connected  manner,  will  neces- 
sarily be  of  greater  value  to  students  than  a  set  of  consecutive  com- 
munications, in  which  literary  continuity  can  rarely  be  preserved,  the 
separate  publication  of  which  also  involves  much  repetition. 

In  discussing  theoretical  questions,  regarding  which  ideas  develop 
slowly,  it  is  occasionally  desirable  to  state  the  conclusions  arrived  at, 
although  these  may  be  very  far  from  final :  the  mere  effort  of  com« 
m^itting  such  ideas  to  paper,  and  the  mere  fact  of  having  placed  an 
opinion  on  record,  will  often  have  the  effect  of  insensibly  educing 
fresh  ideas,  as  well  as  of  giving  precision  to  ideas  which  have  bat  a 
sba  dowy  existence  so  long  as  they  are  mere  mental  images. 

The  Library. — Now  a  few  words  with  reference  to  the  library, 
the  condition  of  which  is  shown  by  the  following  statement  placed 
in  my  hands  by  our  librarian,  Dr.  Thorne. 
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March  27tli, 
1893. 

Additions  in 
1893-94. 

Present 
State. 

3,416 
6,356 
1,351 

2,227 

96 

322 

53 

46 

3,512 
6  878 

Volumes  of  duplicate  periodicals  for  cir- 
culation 

l,40t 
2  273 

13,350 

517 

13,867 

I  am  also  informed  that  565  volumes  were  taken  out  on  loan 
during  1893,  whereas  in  1883  the  number  issued  was  only  324,  which 
is  evidence  that  better  use  is  being  made  of  the  library  year  by 
year. 

In  the  case  of  a  subject  so  comprehensive  as  ours,  the  literature  of 
which  is  published  in  so  many  languages,  it  is  difficult  for  the 
Librarian  and  the  Committee  associated  with  him  to  feel  sure  that 
all  desirable  books,  &c.,  are  secured  ;  and  it  is  essential,  therefore,  that 
the  Fellows  generally  should  cooperate  in  the  work.  It  is  needless  to 
urge  that  old  works  are  becoming  historically  of  greater  value,  and  that 
at  the  same  time  it  is  daily  becoming  more  and  more  difficult  to  pro- 
cure these  ;  I  believe  that  many  E'ellows  might  assist  in  filling  the 
blanks  in  this  section  of  our  cataloarue. 

The  difficulty  I  foresee  is  that  at  no  distant  date  we  shall  have 
filled  the  shelves  in  our  library  and  it  will  not  be  easy  to  find  space 
for  books  elsewhere  in  the  buildinof. 


Meetings. — As  regards  our  meeting  room,  the  experience  gained 
during  the  past  year  has,  I  think,  fully  confirmed  our  expectations 
that  the  structural  alterations  made  during  the  previous  year  and  the 
introduction  of  the  electric  light  would  greatly  conduce  to  the  com- 
fort of  those  attending  the  meetings. 

It  is  a  hopeful  sign  of  progress  that  our  meetings  are  so  well 
attended  and  that  such  evident  interest  is  displayed  in  our  proceed- 
ings, notwithstanding  their  highly  technical  character ;  but  I  confess 
that  I  often  wish  that  there  were  more  debating  power  among  us. 
Scarcely  a  communication  is  brought  forward  nowadays  which  does 
not  bear  on  some  important  general  question,  but  unfortunately  we 
are  all  working  in  more  or  less  obscure  corners  and  it  is  very  diffi- 
cult to  secure  the  mastery  of  the  subject  which  is  required  for  the 
due  appreciation  and  application  of  each  new  point  of  detail.  But  the 
growth  of  such  habits  should  be  in  every  way  encouraged,  and  I 
would  earnestly  exhort  the  younger  Fellows  to  give  the  utmost 
possible  attention  to  original  literature,   and  as  far  as  possible  to 
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avoid  text  books,  whicli  in  our  subject  are  rarely  otherwise  tban 
collocations  of  dogmatism  and  narrowmindedness.  In  art  and  litera- 
ture, tbere  are  many  well  recognised  models  of  style  wbich  it  is  the 
admitted  duty  of  tbe  student  to  contemplate  :  but  in  our  science  we 
are  for  tbe  most  part  content  to  acquire  knowledge  from  the  study 
of  works  of  the  cookery-book  order — no  wonder,  therefore,  that  our 
style  is  wanting  in  breadth  and  feeling.  How  many  among  us  re- 
cognise that  our  great  object  is  the  study  of  function  especially  in  its 
correlation  with  structure,  which  is  akin  to  that  of  human  motives 
as  the  basis  of  historical  study.  I  sincerely  hope  that  the  day  is  not 
far  distant,  however,  when  the  well-read  English  chemist,  keenly 
interested  in  his  science,  will  be  no  longer  a  singular  object;  and 
that  the  room  will  then  be  full  of  earnest,  eager  faces — active,  critical 
debaters,  whatever  the  subject.  As  explorers.  Englishmen  have 
proved  themselves  to  be  the  most  enquiring,  as  well  as  the  most 
active  and  daring  in  the  world ;  and  I  believe  that  it  requires  but 
proper  training  to  make  not  the  few,  but  the  many,  equally  capable 
travellers  in  the  realms  of  science — it  is  impossible  to  regard  the 
many  brilliant  workers  we  can  count  among  Englishmen  as  mere 
sporadic  excresences  on  a  general  dead  level  of  mediocrity. 

It  is  our  duty  to  aim  as  far  as  possible  in  raising  up  our  subject 
to  its  proper  position  in  public  esteem,  and  our  first  object  must  be 
to  fit  ourselves  each  and  all  to  do  our  full  share  of  work  in  so  good  a 
cause.  It  is,  therefore,  important  that  our  meetings  should  afford  as 
much  opportunity  as  possible  of  our  gaining  not  knowledge  of  facts 
'  merely — but  what  is  far  more  valuable,  knowledge  of  method,  and  to 
this  end  it  is  desirable  that  discussions  on  important  papers  dealing 
with  general  problems  or  borderland  questions  should  take  place 
here,  and  not  elsewhere  at  a  time  when  but  few  of  the  younger 
Fellows  can  be  present ;  we  have  so  often  had  the  opportunity  of 
welcoming  those  who  are  primarily  interested  in  other  subjects  on 
such  occasions,  that  there  is  no  reason  to  suppose  that  we  cannot 
secure  the  attendance  of  outsiders  when  necessary.  But  as  our 
meetings  become  less  the  occasion  of  the  mere  formal  reading  of 
papers,  and  more  truly  educational,  we  may  expect  that  they  will 
become  more  attractive ;  it  therefore  behoves  us  as  politicians  to  an- 
ticipate the  time  when,  at  no  distant  date,  the  accomodation  we  can 
offer  is  insuflficient.  This  is  a  difficulty  that  threatens  to  oppress  all 
the  Burlington  House  Societies,  and  must  become  more  pressing  ns 
the  importance  of  bringing  all  societies  having  cognate  aims  into 
juxtaposition  is  realised.  Perhaps  some  day  our  friends  and  neigh- 
bours, the  artists,  will  have  found  quarters  elsewhere  more  suited  for 
the  display  of  their  works — for  they  appear  already  to  have  far  out- 
grown the  space  at  their  disposal,  and  to  be  therefore  obliged  to  im- 
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pose  undesirable  limitations  on  exhibitors;  when  this  occurs,  it  should 
be  possible  to  find  accommodation  more  adequate  to  the  needs  of 
science  and  fit  presentment  of  its  imperial  importance. 

While  speaking'  of  our  meetings,  I  may  mention  that  Professor 
Roberts- Austen  has  undertaken  the  preparation  of  a  monograph  on 
the  metals,  an  abstract  of  which  will  form  the  subject  of  a  lecture  at 
some  time  during  the  coming  session.  The  subject  is  one  of  great 
importance  and  full  of  interest  owing  to  the  numerous  additions  to 
our  knowledge  during  recent  years.  I  trust  that  this  lecture  will 
afford  a  valuable  opportunity  for  exchange  of  opinion  and  that  it 
will  serve  to  elicit  much  information  from  gentlemen  both  within 
and  without  our  body  whose  business  it  is  to  make  use  of  metals  ;  if 
engineers  and  others  will  tell  us  of  their  difficulties  and  requirements, 
it  may  be  possible  for  us  sooner  or  later  to  help  them. 

Memorial  Lectures. — The  Stas  Memorial  Lecture,  by  Professor 
Mallet,  and  the  Kopp  Memorial  Lecture,  by  our  Treasurer,  have 
been  published  in  our  Transactions  during  the  year,  and  fully 
justify  the  expectations  we  had  formed  ;  there  can  be  no  doubt  that 
such  lectures  are  most  valuable  contributions  to  our  literature. 
Early  in  the  session,  we  were  indebted  to  Lord  Playfair,  Sir  F.  A. 
Abel  and  Dr.  Perkin  for  addresses  commemorating  the  work  of 
von  Hofmann,  which  vividly  aroused  our  interest,  as  they  were 
delivered  by  men  of  strongly-marked  personality  who  had  all  been 
intimately  associated  with  Hofmann,  whose  careers  had  been  closely 
interwoven  with  his,  and  to  all  of  whom  we  are  deeply  indebted 
on  account  of  the  services  they  have  rendered  to  our  Society.  As 
we  have  now  two  portraits  all  but  ready,  the  one  representing 
Hofmann  as  he  was  when  professor  here,  the  other  from  the  picture 
of  him  painted  within  recent  years  which  hangs  in  the  public 
gallery  in  Berlin,  we  shall  soon  issue  these  addresses.  I  cannot 
refrain  while  speaking  of  this  matter  from  calling  attention  to  the 
truly  marvellous  account  of  the  development  of  the  coal-tar  colour 
industry  given  by  Hofrath  Dr.  Caro  in  the  monograph  published  a 
few  months  ago  by  the  Deutsche  chemische  Gesellschaft,  which  should 
certainly  be  read  in  conjunction  with  the  addresses  delivered  to  us,  if 
it  be  desired  to  fathom  the  character  of  Hofmann's  influence  and 
work.  To  tiiose  who  can  understand  it,  the  story  told  by  Caro  is 
nothing  less  than  an  epic,  but  it  is  one  the  contemplation  of  which 
must  in  many  ways  sadden  an  Englishman,  elevating  though  it  bo 
when  regarded  from  the  purely  scientific  point  of  view.  Full  and 
complete  recognition  of  Hofmann's  services  to  the  industry  charac- 
terises every  page  of  the  monograph,  and  the  only  ground  of  com- 
plaint which  some  of  us  feel  that  we  have  against  the  writer  is  that 
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liis  own  great  services  are  nowhere  referred  to.  "Wherever  they  re- 
ceived their  early  training,  the  true  education  which  experience  in  the 
world  alone  gives  was  gained  by  both  Hofmann  and  Caro  while  in 
the  service  of  English  masters  ;  and  it  is  an  interesting  problem  for 
speculation  whether,  had  they  remained  with  us,  our  position  would 
not  have  been  a  different  one.  Germany  could  scarcely  have  accom- 
plished what  it  has  done  without  them,  but  by  years  of  patient  labour 
her  universities  had  laid  a  broad  and  solid  foundation  on  which  alone 
such  men  could  build.  Here,  such  men  had  neither  bricks  nor  mortar 
offered  to  them  either  by  the  universities  or  manufacturers,  and  such 
is  our  disregard  of  theory  in  this  country  of  "  practical  men,"  that 
we  even  now  have  not  learnt  the  lesson  which  the  contemplation  of 
the  success  of  German  chemical  industry  teaches ;  shall  we  ever  learn 
it  properly  ?  Here,  in  London,  at  all  events,  we  shall  probably 
wrangle  during  years  to  come  about  the  establishment  of  a  university 
worthy  of  the  greatest  city  in  the  world,  which  will  set  an  example 
and  help  us  again  to  do  our  fair  share  of  the  work  which  has  been 
taken  from  us  ;  and  it  will  be  years,  apparently,  before  English  manu- 
facturers will  all  leara  to  spell  the  word  chemist — and  that  it  will 
acquire  some  meaning  for  them.  But  it  is  much  to  be  feared  that 
recantation  may  come  too  late,  and  that  the  opportunity  will  have 
been  lost.  America,  perhaps,  will  meanwhile  have  learnt  the  lesson 
also,  and  the  competition  we  shall  have  to  meet  will  not  be  European 
alone  ;  we  have  not  only  to  go  ahead  as  fast  as  others,  but  to  make  up 
for  much  lost  time,  and  it  is  not  likely  that  others  will  calmly  stand 
by  while  we  make  the  attempt. 

Such  is  the  lesson  which  we  may  derive,  it  seems  to  me,  from  the 
study  of  Hofmann's  career  and  the  attendant  circumstances ;  and  it 
is  one  which  we  in  this  Society  must  take  very  deeply  to  heart. 


Let  me  now  refer  to  events  of  the  year  which  are  of  interest  to  us 
as  chemists. 

Rothamsted  Jubilee. — An  event  of  great  interest  which  took 
place  in  July  last  was  the  celebration  at  Rothamsted  of  the  fiftieth 
year  of  the  marvellous  series  of  continuous  experiments  on  the 
growth  of  wheat,  on  the  same  land  under  known  conditions,  carried 
out  there  by  Sir  John  Lawes  in  conjunction  with  Dr.  Gilbert.  An 
address  from  this  Society  was,  as  you  are  aware,  presented  both  to  Sir 
John  Lawes  and  Dr.  Gilbert  {cf.  Proceedings,  1893,  p.  193).  It  is  a, 
matter  of  congratulation  to  us  all  that  public  recognition,  however 
inadequate,  was  accorded  to  our  past  President,  Dr.  Gilbert,  whom 
we  now  greet  as  Sir  Henry  Gilbert ;  although  all  but  our  senior  Fellow, 


ANNUAL   GENERAL   MEETING.  361 

to  our  great  deliglit  lie  still  continues  to  manifest  that  juvenile  vigour 
and  enthusiasm  which  have  ever  characterised  him. 

Institute  of  Chemistry. — It  is  a  matter  for  congratulation  among 
chemists  that  the  Institute  of  Chemistiy  has  recently  acquired  and 
equipped  a  laboratory  where  its  candidates  can  be  examined  under 
satisfactory  conditions,  a  step  which  cannot  fail  to  have  most  im- 
portant results,  and  which  may  be  said  to  have  established  the  Insti- 
tute on  a  firm  basis.  Let  us  hope,  however,  that  in  futui'e  no 
narrow  spirit  of  selfishness  will  actuate  its  councils,  and  that  the 
utmost  latitude  will  be  allowed  in  matters  educational ;  whatever 
advantages  the  Institute  offers  will  be  dearly  bought  if  they  stereo- 
type teaching.  I  would  also  deprecate  any  attempt  to  claim  exclu- 
sive privileges  for  the  Fellows.  Under  the  happy  guidance  of  its  late 
President,  my  old  friend  Professor  Tilden,  the  Institute  has  un- 
doubtedly made  great  progress  during  the  past  three  years,  and  is 
indebted  to  him  for  the  introduction  of  an  educational  scheme  which 
is  a  vast  improvement  on  previous  schemes.  It  is  impossible  to 
exaggerate  the  importance  of  a  sound  academic  general  training  to 
those  who  desire  in  the  future  to  act  as  consulting  chemists.  There 
still  remain  advocates  of  the  old-fashioned  apprenticeship  or  pupilage 
system  ;  but  I  trust  that  it  is  impossible  for  so  suicidal  a  policy  ever 
again  to  obtain  recognition.  We  cannot  too  carefully  bear  in  mind 
Carlyle's  dictum — "  An  educated  man  stands,  as  it  were,  in  the  midst 
of  a  boundless  arsenal  and  magazine,  filled  with  all  the  weapons  and 
engines  which  man's  skill  has  been  able  to  devise  from  the  earliest 
time ;  and  he  works,  accordingly,  with  a  strength  borrowed  from  all 
past  ages.  How  different  is  Ms  state  who  stands  on  the  outside  of 
that  storehouse,  and  feels  that  its  gates  must  be  stormed,  or  remain 
for  ever  shut  against  him  !  His  means  are  the  commonest  and 
rudest ;  the  mere  work  done  is  no  measure  oE  his  strength.  A  dwarf 
behind  his  steam-engine  may  remove  mountains  ;  but  no  dwarf  will 
hew  them  down  with  a  pickaxe ;  and  he  must  be  a  Titan  that  hurls 
them  abi-oad  with  his  arms." 

Imperial  Institute  Research  Department.* — As  your  repre- 
sentative on  the  Council  of  the  Imperial  Institute,  1  have  had  the 
pleasure  of  assisting   the    Director,   Sir   P.  A.    Abel,   whose   great 

*  I  rejoice  to  say  that  since  this  address  was  delivered,  the  Goldsniitlis'  Company, 
recognising  the  great  importance  of  the  work,  have  made  the  munificent  grant  of 
£1,000  to  the  Imperial  Institute  "  to  defray  the  cost  of  fitting  up  and  equipping 
the  Research  Department."  It  has  consequently  been  arranged  that  the  grant  of 
the  1851  Commissioners  shall  take  the  form  of  £260  per  annum  during  a  term  of 
five  years  toward  payment  of  the  staff  of  the  new  department. 
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services  on  behalf  of  this  Society  we  so  cordially  recognise,  in  estab- 
lishing a  new  department  of  scientific  and  practical  research  which 
is  to  be  charged  with  the  examination  and  exploitation  of  the  in- 
numerable natural  products  from  India  and  the  Colonies  collected 
together  at  the  Institute,  the  natui-e  of  which  is  unknown  or  uses 
for  which  have  to  be  found.  This  department  is  to  be  under  the 
direction  of  Sir  F.  Abel  and  the  following  committee  of  advice : — 
Professor  Roberts-Austen,  Mr.  B.  Brough,  Mr.  Horace  Brown,  Dr. 
Lauder  Brunton,  Professor  Church,  Mr.  Cross,  Mr.  Deering,  Pro- 
fessor Dunstan,  Profesor  Hummel,  Mr.  David  Howard,  Professor 
Meldola,  Mr.  Miers,  Dr.  Miiller,  Dr.  Perkin,  Mr.  Boverton  Redwood, 
Professor  Tilden  and  Professor  Unwin,  Dr.  T.  Cooke  being  secretary 
to  the  Committee.  It  is  proposed  to  fit  up  a  laboratory  at  the 
Institute  whei'e  a  preliminary  examination  of  some  of  the  products 
may  be  carried  out.  Unfortunately  there  are  no  funds  of  the 
Institute  available  for  the  purpose,  but  a  beginning  can  be  made,  as 
thanks  to  Lord  Playfair,  the  1851  Exhibition  Commissioners  have 
granted  £300  towards  the  cost  of  fitting  up  a  laboratory,  and  will 
grant  £200  a  year  during  five  years  for  the  payment  of  assistants. 
It  stands  to  reason  that  when  such  a  laboratory  is  established  and 
good  work  is  being  done  in  it,  further  support  will  be  forthcoming, 
and  that  the  department  will  not  be  allowed  to  languish  :  I  have  no 
doubt  that  Sir  P.  Abel  will,  in  the  future,  be  able  to  supply  material 
to  as  many  chemists  as  may  wish  for  subjects  to  work  at;  and  I 
have  no  doubt  also  that  chemists  generally  will  be  prepared  to  assist 
him  in  establishing  on  a  sound  basis  this  new  departure,  the  mere 
idea  of  which,  in  an  empire  such  as  ours,  necessarily  carries  with  it 
the  promise  of  future  greatness  and  potency. 

Perhaps  the  existence  of  this  department  of  Imperial  research  may 
sooner  or  later  involve  some  action  being  taken  which  will  facilitate 
intercourse  between  us  and  our  Indian  and  Colonial  colleagues. 
Even  the  summer  vacation,  however,  is  not  long  enough  for  such  a 
purpose,  if  it  were  a  fit  time,  and  it  will  be  necessary  to  make  special 
arrangements  for  tours  of  inspection  and  investigation ;  at  present 
such  an  idea  would  scarcely  be  entertained  by  the  governing  bodies 
to  whom  we  are  subject.  The  advantage  to  be  derived  by  the 
traveller  needs  no  explanation.  The  exchange  of  views  on  educa- 
tional questions  that  would  take  place  ;  the  knowledge  we  could  gain 
of  resources,  materials  awaiting  exploitation  and  problems  to  be 
solved  ;  and  the  advice  that  we  in  turn  could  often  give  :  all  these 
would  be  of  utmost  service  to  the  empire ;  and  such  fraternisation 
could  not  fail  to  have  important  political  consequences. 

Institute  of  Preventive  Medicine. — The  projected  establish- 
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ment  at  an  earlj  date  of  an  Institute  of  Preventive  Medicine  in 
liondon  is  also  a  matter  of  interest  to  chemists,  especially  as  the 
work  carried  on  in  such  an  institution  must  often  be  chemical.  Let 
us  hope  that  in  the  near  future  this*  Society  will  frequently  receive 
communications  from  the  Institute  laboratory.  It  is  using  too  mild 
a  term  to  say  that  it  is  a  reproach  to  us  that  no  such  establishment 
has  existed  hitherto ;  if  only  a  tithe  of  the  sentiment  of  opposition  to 
which  the  scheme  has  given  rise  could  be  exerted  in  the  useful  direc- 
tion of  making  clear  to  the  public  the  absolute  dependence  of  pro- 
gress on  research,  we  might  hope  that  popular  appreciation  would 
ere  long  be  secured  for  the  men  who  under  most  discouraging  condi- 
tions are  persevering  in  an  enterprise  the  whole  and  sole  object  of 
which  is  the  public  good,  but  on  behalf  of  which  no  single  word  is 
uttered  by  the  public. 

Science  and  Art  Department  Inspectors. — The  system  of 
payment  by  results  in  connection  with  the  Science  and  Art  Depart- 
ment Examinations  has  been  unfavourably  commented  on  from  this 
chair  by  at  least  one  of  my  predecessors — it  is,  therefore,  of  interest 
to  note,  that  a  great  step  forward  has  been  recently  taken  by  the 
department  in  appointing  inspectors  whose  duty  it  will  be,  1  believe,, 
to  take  cognisance  of  the  manner  in  which  the  teaching  is  being 
carried  on  and  to  advise  the  teachers.  One  result  of  this  action  will, 
I  trust,  be  the  speedy  abolition  of  test-tubing,  which,  as  hitherto  con- 
ducted, has  involved  a  lamentable  waste  of  public  funds. 

International  Catalogue  of  Science. — The  Royal  Society  of 
London  has  recently  issued  to  the  scientific  world  a  circular  having 
reference  to  the  preparation  of  complete  catalogues  of  science  by 
international  cooperation.,  which  raises  questions  of  such  importance 
that  I  do  not  hesitate  to  reproduce  it  here. 

"  Sir,— 

"  The  Royal  Society  of  London,  aa  you  are  probably  aware,  haa 
published  nine  quarto  volumes  of  The  Catalogue  of  Scientific  Papers,. 
the  first  volume  of  the  decade — 1874-83 — having  been  issued  last 
year. 

"  This  catalogue  is  limited  to  periodical  scientific  literature,  i.e.,  to 
papers  published  in  the  transactions,  &c,,  of  societies,  and  in 
journals ;  it  takes  no  account  whatever  of  monographs  and  independ- 
ent books,  however  important.  The  titles,  moreover,  are  arranged 
solely  according  to  authors'  names  ;  and  though  the  Society  has  long 
had  under  consideration  the  preparation  of — and  it  is  hoped  may  even- 
tually issue  as^a  key  to  the  volumes  already  published,  a  list  in  which 
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the  titles  are  arranged  according  to  subject-matter,  the  catalogue  is 
still  being  prepared  according  to  authors'  names.  Further,  though 
the  Society  has  endeavoured  to  include  the  titles  of  all  the  scientific 
papers  published  in  periodicals  of  acknowledged  standing,  the  cata- 
logue is — even  as  regards  periodical  literature — confessedly  incom- 
plete, owing  to  the  omission  of  the  titles  of  papers  published  in 
periodicals  of  little  importance  or  not  easy  of  access. 

"Owing  to  the  great  development  of  scientific  literature  the  task  of 
the  Society  in  continuing  the  catalogue,  even  in  its  present  form,  is 
rapidly  increasing  in  difficulty.  At  the  same  time  it  is  clear  that  the 
progress  of  science  would  be  greatly  helped  by — indeed,  almost 
demands — the  compilation  of  a  catalogue  which  should  aim  at  com- 
pleteness,  and  should  contain  the  titles  of  scientific  publications, 
whether  appearing  in  periodicals  or  independently.  In  such  a  cata- 
logue the  title  should  be  arranged  not  only  according  to  authors' 
names,  but  also  according  to  subject  matter,  the  text  of  each  paper 
and  not  the  title  only  being  consulted  for  the  latter  purpose.  And 
the  value  of  the  catalogue  would  be  greatly  enhanced  by  a  rapid 
periodical  issue,  and  by  publication  in  such  a  form  that  the  portion 
which  pertains  to  any  particular  branch  of  science  might  be  obtained 
separately. 

"  It  is  needless  to  say  that  the  preparation  and  publication  of 
such  a  complete  catalogue  is  far  beyond  the  power  and  means  of  any 
single  society. 

"  Led  by  the  above  considerations,  the  President  and  Council  of  tiie 
Royal  Society  have  appointed  a  committee  to  inquire  into  and  report 
upon  the  feasibility  of  such  a  catalogue  being  compiled  through  inter- 
national cooperation. 

"  The  Committee  are  not  as  yet  in  a  position  to  formulate  any  dis- 
tinct plan  by  which  such  international  cooperation  might  be  brought 
about ;  but  it  may  be  useful,  even  at  the  outset,  to  make  the  following 
preliminary  suggestions  : — 

"  The  catalogue  should  commence  with  papers  published  on  or  after 
January  1,  1900. 

"  A  central  office,  or  bureau,  should  be  established  in  some  place,  to 
be  hereafter  chosen,  and  should  be  maintained  by  international 
contributions — either  directly,  that  is  by  annual  or  other  subsidies 
— or  indirectly,  that  is,  by  the  guarantee  to  purchase  a  certain 
number  of  copies  of  the  catalogue. 

■"  This  office  should  be  regularly  supplied  with  all  the  information 
necessary  for  the  construction  of  the  catalogue.  This  might  be 
done  either  by  all  periodicals,  monographs,  &c.,  being  sent  direct 
to  the  office  to  be  catalogued  there,  or  by  various  institutions 
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undertaking  to  send  in  portions  o£  the  catalogne  already  prepared, 
or  by  both  methods  combined. 
*'  At  such  an  oflfice,  arrangements  might  be  made  by  which,  in  addi- 
tion to  preparing  the  catalogue,  scientific  data  might  be  tabulated 
as  they  came  to  hand  in  the  papers  supplied. 

"  The  first  step,  however,  is  to  ascertain  whether  any  scheme  of 
international  cooperation  is  feasible  and  desirable.  The  Committee, 
accordingly,  is  desirous  of  learning  the  views  upon  this  subject  of 
scientific  bodies  and  of  scientific  men. 

"  We,  therefore,  venture  to  express  the  hope  that  you  will  be  so  good 
as,  at  some  early  opportunity,  to  make  known  to  us,  for  the  use  of  the 
Committee,  your  own  views  on  the  matter. 

"  Should  the  decision  you  report  be  in  any  way  favourable  to  the 
scheme,  may  we  further  ask  you  to  communicate  to  as,  for  the  use  of 
the  Committee,  any  suggestions  which  you  may  think  it  desirable  to 
make,  as  to  the  best  methods  of  inaugurating  such  a  scheme,  as  to  the 
constitution  and  means  of  maintenance  of  the  Central  Office,  as  to  the 
exact  character  of  the  work  to  be  carried  on  there,  as  to  the  language 
or  languages  in  which  the  catalogue  should  be  published,  and  the 
like  ? 

"  We  are, 

"  Your  obedient  servants, 

"  M.  Foster,  Secretary  B.S. 
"  Rayleigh,  Secretary  B.S. 
"  J.  Lister,  Foreign  Sec.  B.S." 

If  any  such  scheme  as  is  here  foreshadowed  could  be  carried  out,  it 
would  obviously  be  of  the  greatest  value  to  the  world  and  productive 
of  much  saving,  both  of  time  and  treasure.  But  the  subject  is  full  of 
difficulty,  owing  to  the  very  numerous  interests  concerned.  I  trust, 
however,  that  when  the  time  comes  to  deal  with  the  chemical  section — 
and,  indeed,  in  the  case  of  any  future  catalogue  of  chemical  work, 
that  we  shall  not  be  satisfied  with  a  mere  alphabetical  arrangement, 
but  that  we  shall  classify  the  subject-matter  alphabetically  in 
sections,  so  as  to  lighten  the  labour  of  ascertaining  the  state  of 
knowledge  in  any  particular  group.  Already  we  do  not  know  very 
many  of  the  names  recorded  in  our  indexes,  and,  in  the  fufure,  we  shall 
be  ignorant  of  a  still  larger  proportion,  unless  our  system  of  nomen- 
clature be  made  so  significant  that  each  name  will  explain  itself  ;  and 
in  the  case  of  an  alphabetical  arrangement,  substances  belonging  to 
the  same  group,  having  names  with  difEerent  initial  letters,  occur 
interspersed  throughout  the  index :  so  that  it  is  a  matter  of  the 
greatest  difficulty,  if  not  impossible,  by  consulting  such  an  index,  to 
ascertain   the   references   to    all    the   members   of   the    group.     An 
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alphabetical  index  also  affords  no  indication  of  the  extent  to  which 
knowledge  of  any  particular  group  has  increased  during  the  interval 
covered  by  it ;  and,  in  fact,  it  only  becomes  of  real  use  when  provided 
with  a  key,  such  as  Beilstein  affords,  in  which  the  names  of  the 
known  members  of  any  particular  group  may  be  first  looked  up 
before  consulting  the  alphabetical  index.  Also,  in  using  a  lengthy 
alphabetical  index  it  is  very  easy  to  miss  entries,  and  it  is  necessary 
to  pay  far  more  attention  when  consulting  it  than  is  the  case  when 
one  of  limited  extent  is  used, 

I  do  not  believe  that  there  would  be  any  real  difficulty  in  arriving 
at  a  system  of  classification  which,  at  all  events,  would  limit  a 
reference  to  comparatively  few  pages.  We  are  told  that  by  the 
Bertillon  system,  dealing  with  the  card  records  of  90,000  convicts,  it 
is  possible — when  the  necessary  measurements  have  been  taken — to 
ascertain  whether  a  prisoner  has  been  before  convicted,  as  it  may  be 
said,  with  considerable,  if  not  absolute,  confidence,  that,  in  that  case, 
his  card  will  be  found  in  a  drawer  containing  only  about  400. 
Surely,  we  ought  to  be  able  to  devise  a  system  which  would  equally 
limit  our  search.  In  this  Society  we  are  proposing  to  spend  at  least 
£1,500  on  the  preparation  of  indexes  to  the  two  decades  between 
1873  and  1892  of  our  publications.  We  thus  have  an  opportunity 
afforded  ns  of  evolving  order  out  of  chaos  and  of  so  leading  the  way : 
we  shall  be  guilty  of  grave  neglect  if  we  fail  to  avail  ourselves  of  it. 
Mr.  Greenaway  estimates  the  number  of  entries  under  subjects  at 
about  106,000,  but  as  this  number  will  be  divided,  I  suppose,  ap- 
proximately into  halves,  each  corresponding  to  a  decade,  our  problem 
is  an  easier  one  than  that  successfully  solved  in  the  case  of  the  90,000 
criminals.  Having  had  some  experience  as  a  writer  on  organic 
chemistry,  I  can  assert  without  hesitation  that  a  mere  alphabetical 
arrangement  is  of  slight  value  in  comparison  with  a  classified  index ; 
our  practice,  indeed,  proves  this  to  be  the  case,  as,  in  using  Beilstein 
for  example,  we  usually  turn  to  the  section  in  M'hich  a  particular 
group  is  described,  and  then  proceed  to  glance  through  the  pages 
allotted  to  the  section  ;  more  often  than  not  the  index  is  used  only  to 
give  the  first  clue. 

Progress  in  Education. — Even  now  I  have  not  dealt  with  all  the 
subjects  of  general  interest  to  this  Society  of  which  mention  may  be 
made  :  two  at  least  remain — the  recent  report  with  reference  to  a 
Teaching  University  for  London,  and  the  appointment  of  a  Royal 
Commission  on  Secondary  Education.  The  operations  of  this  latter 
will  be  watched  by  us  with  the  gravest  anxiety  ;  no  Commission  ever 
had  a  greater  opportunity,  but  probably  none  a  harder  task.  There 
can  be  no  question  that  the  future  of  this  country  is  vei-y  largely  in 
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tlie  hands  of  its  schoolmasters  and  schoolmistresses,  and  there  are 
many  among  us  who  are  convinced  that  our  progress  is  much  hin- 
dered by  their  failure  to  feel  the  pulse  of  the  times — who  think,  in- 
deed, that  they  do  not  suitably  prepare  the  material  which  we 
subsequently  are  called  on  to  mould  into  its  final  shape.  We  look  to 
the  new  Commission  to  recommend  drastic  changes  which  will  enable 
us  to  utilise  to  the  full  the  marvellous  ability  latent  in  the  English 
race,  and  which  will  help  parents  in  solving  the  truly  terrible  prob- 
lem with  which  they  are  confronted  in  these  days  of  unreasoning  and 
unreasonable  competition  when  the  time  comes  to  secure  a  career  for 
their  children.  English  boys  and  girls  at  the  present  day  are  the 
victims  of  excessive  lesson  learning,  and  are  also  falling  a  prey,  in 
increasing  numbers  year  by  year,  to  the  examination-demon,  which 
threatens  to  become  by  far  the  most  ruthless  monster  the  world  has 
ever  known  either  in  fact  or  in  fable.  Ask  any  teacher  who  has  to  do 
with  students  fresh  from  school  his  opinion  of  them :  he  will  say  that 
in  the  great  majority  of  cases  they  have  little  if  any  power  of  helping 
themselves,  little  desire  to  learn  about  things,  little  if  any  observing 
power,  little  desire  to  reason  on  what  they  see  or  are  called  on  to 
witness ;  that  they  are  destitute  of  the  sense  of  accuracy,  and  satisfied 
with  any  performance  however  slovenly ;  that,  in  short,  they  are 
neither  inquisitive  nor  acquisitive,  and  as  they  too  often  are  idle  as 
well,  the  opportunities  offered  to  them  are  blindly  sacrificed.  A  con- 
siderable proportion  undoubtedly  are  by  natui-e  mentally  very  feeble ; 
but  the  larger  number  are  by  no  means  without  ability,  and  are,  in 
fact,  victims  of  an  acquired  disease.  We  must  find  a  remedy  for  this 
state  of  things,  or  perish  in  the  face  of  the  terrific  competition  now 
setting  in.  Boys  and  girls  at  school  must  be  taught  from  the  very 
earliest  moment  to  do  and  to  appreciate.  It  is  of  no  use  our  teaching 
them  merely  about  things,  however  interesting — no  facts  must  be 
taught  without  their  use  being  taught  simultaneously  ;  and,  as  far  as 
possible,  they  must  be  led  to  discover  the  facts  for  themselves. 
Instead  of  our  placing  condensed  summaries  in  their  hands,  we  must 
lead  them  to  use  works  of  reference  and  acquire  the  habit  of  finding 
out;  they  must  always  be  at  work  applying  their  knowledge  and 
solving  problems.  It  is  a  libel  on  the  human  race  to  say,  as  many 
do,  that  children  cannot  think  and  reason,  and  that  they  can  only  be 
taught  facts  ;  early  childhood  is  the  time  at  Avhich  these  faculties 
are  most  apparent,  and  it  is  probably  through  failure  to  exercise 
them  then  that  they  suffer  atrophy.  The  so-called  science  introduced 
into  a  few  schools  in  answer  to  the  persistent  demands  of  its  advo- 
cates has  been  in  most  cases  a  shallow  fraud,  of  no  value  whatever 
educationally.  Boys  see  oxygen  made  and  things  burnt  in  it,  which 
gives  thorn  much  pleasure ;  but,  after  all,  this  is  but  the  old  lesson 
yoL.  LXV.  2  D 
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learning  in  an  interesting  shape,  and  has  no  superior  educational 
effect.  I  would  here  repeat  what  I  have  recently  urged  elsewhere, 
that  in  the  future  all  subjects  must  be  taught  scientifically  at  school,  in 
order  to  inculcate  those  habits  of  mind  which  are  termed  scientific 
habits  ;  the  teaching  of  scientific  method — not  the  mere  shibboleths  of 
some  branch  of  natural  science — must  be  insisted  on.  No  doubt 
some  branch  of  chemistry,  with  a  due  modicum  of  physics,  &c.,  is 
the  subject  by  means  of  which  we  may  best  instil  the  scientific  habits 
associated  with  experimental  studies,  but  it  must  be  the  true 
chemistry  of  the  discoverer,  not  the  cookery-book-receipt  pseudo- 
form  which  has  so  long  usurped  its  place.  Whatever  be  taught,  let 
me  repeat  that  mere  repetition  woi'k  and  lesson  learning  must  give 
place  to  a  system  of  allowing  children  to  do  things  themselves. 
Should  we  succeed  in  infusing  the  research  spirit  into  our  teaching 
generally,  then  there  will  be  hope  that,  in  the  course  of  a  generation 
or  so,  we  shall  cease  to  be  the  Philistines  we  are  at  the  present  time ; 
the  education  given  in  our  schools  will  be  worthy  of  being  named  a 
*'  liberal  education,'^  which  it  never  will  be  so  long  as  we  worship  the 
old  world  classical  fetish,  and  allow  our  schools  to  be  controlled  by 
those  who  reverence  this  alone,  having  never  been  instructed  in  a 
wider  faith. 

As  regards  our  college  courses,  I  see  no  reason  to  modify  the  views 
expressed  in  my  address  to  the  chemical  section  of  the  British  Asso- 
ciation at  Aberdeen  in  1885  ;  on  the  contrary,  the  experience  I  have 
since  gained  as  a  teacher  and  examiner  has  served  only  to  strengthen 
them  and  to  convince  me  of  the  paramount  necessity  of  a  very  radical 
change  in  our  system  of  instruction,  and  I  rejoice  at  the  increasing 
evidence  of  a  state  of  unrest  both  at  home  and  abroad.  The 
"  thorough  "  course  of  qualitative  analysis  which  it  has  long  been 
customary  to  impose  at  a  very  early  period  of  the  student's  career 
must,  I  venture  to  think,  be  relegated  to  near  its  close  ;  this  course 
certainly  has  not  the  effect  of  producing  competent  analysts,  and  but 
too  often  reduces  those  who  toil  through  it  to  the  dead  level  of 
machines;  in  hundreds  of  cases  I  have  seen  students,  as  it  were, 
hang  up  their  intelligence  on  the  clothes-peg  outside  and  enter  the 
examination  room  masked  with  a  set  of  analytical  tables,  through 
which  alone  they  allow  themselves  to  be  actuated,  and  to  which  they 
render  the  blindest  obedience.  Qualitative  analysis  actually  requires 
the  fullest  exercise  of  the  mental  faculties  as  well  as  considerable 
manipulative  skill.  By  introducing  this  branch  of  study  at  too  early 
a  period  we  force  our  students  to  act  as  machines,  inasmuch  as  they 
do  not,  and  cannot,  know  enough  to  work  intelligently  ;  we  are  but 
trying  to  make  them  run  before  they  have  learnt  to  walk.  Even 
when  the  interactions  on  which  qualitative  analysis  is  based  are  fully 


ANNUAL   GENERAL  MEETING.  369 

studied,  and  the  equations  relating  thereto  are  conscientiouslj  written 
out,  the  result  is  not  much  better,  owing  to  the  slight  importance 
of  so  many  of  the  interactions  apart  from  their  technical  appli- 
cation in  analysis,  and  especially  on  account  of  our  ignorance  of 
the  precise  nature  of  many  of  the  interchanges  of  which  we  avail 
ourselves :  the  persistent  misrepresentation  of  facts  which  such  a 
course  encourages  is,  in  my  opinion,  one  of  its  worst  features. 

I  believe  that  in  the  near  future  our  students  will  first  be  set  to 
solve  problems,  each  in  its  way  a  little  research,  and  involving  much 
simple  quantitative  work  ;  they  will  thus  be  taught  chemical  method, 
or,  in  other  words,  the  art  of  discovery.  They  will  then  be  taken 
through  a  course  of  quantitative  exercises  with  the  object  of  making 
them  acquainted,  by  direct  contact  with  the  facts,  with  the  funda- 
mental principles  of  our  science,  which  are  but  too  rarely  appreciated 
at  the  present  day.  After  this,  they  will  seek  to  acquire  proficiency 
in  quantitative  analysis  and  in  the  art  of  making  preparations ;  and 
subsequently  they  will  give  suflS.cient  attention  to  the  study  of 
physical  properties  to  enable  them  to  appreciate  the  physico-chemi- 
cal methods  of  enquiry  which  are  now  of  such  importance.  The 
study  of  qualitative  analysis  in  detail  will  be  left  to  the  last,  as  being 
an  eminently  technical  subject.  Meanwhile,  by  attendance  at  lectures, 
by  reading  carefully  chosen  works  of  a  kind  altogether  different  from 
the  soul-destroying  text-books  we  now  possess,  and  especially  by  the 
study  of  classical  models  in  chemical  literature,  they  will  have  acquired 
what  is  commonly  spoken  of  as  theoretical  knowledge,  but  too  often  re- 
garded by  us  as  of  secondary  importance,  and  which  it  is  so  diflBcult 
to  make  Englishmen  realise  means  a  proper  understanding  of  the 
subject.  Students  so  trained — imbued  from  the  outset,  even  from 
early  school  days,  with  the  research  spirit — will  at  all  times  be 
observant  and  critical,  nay,  even  logical ;  dogmatic  teaching  will 
cease  to  have  any  charm  for  them  :  they  will  actually  take  deep 
interest  in  their  studies — a  result  devoutedly  to  be  hoped  for,  as 
nothing  is  more  galling  to  the  teacher  at  the  present  day  than  the 
crass  indifFerence  of  the  average  student  and  his  refusal  to  give 
attention  to  anything  unless  it  will  pay  in  an  examination.  At  the 
close  of  such  a  course,  the  student  will  be  thoroughly  prepared  to 
undertake  original  investigation,  distinctly  with  the  object  of  ex- 
hibiting his  individuality  and  originality,  and  not,  as  at  present,  with 
the  object  of  acquiring  for  the  first  time  an  insight  into  the  methods 
of  the  investigator ;  he  will  thus  be  spared  the  unpleasant  discovery 
which  the  advanced  student  now  too  often  makes  that  his  early 
training  has  unfitted  him,  rather  than  prepared  him,  for  the  task  of 
original  inquiry. 

But  to  attain  to  this  happy  state,  it  will  be  necessary  that  school 
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education  be  "  rationalised  "  and  improved,  as  I  have  already  indicated  ; 
that  the  material  placed  at  our  disposal  be  of  far  higher  average 
quality  than  heretofoi-e ;  and  that  the  period  of  study  be  lengthened. 
As  it  offers  but  few  prizes  and  unfortunately  has  no  sinecures — 
which,  however  objectionable  from  an  abstract  point  of  view,  are 
actually  of  the  greatest  service  to  many  causes — chemistry  has 
hitherto  failed  to  attract  much  ability.  Very  many  commence  its 
study  because  they  have  an  idea  that  chemists  are  always  making 
interesting  experiments  of  the  firework  order  such  as  the  conven- 
tional lecturer  shows  to  a  popular  audience,  and  when  the  drudgery 
of  actual  practice  is  discovered  by  the  young  worker  to  be  something 
very  different  from  the  rosy  picture  which  such  displays  had  excited 
in  his  mind,  it  often  turns  out  that  a  mistake  has  been  made  in  the 
choice  of  a  career;  such  mistakes  will  occur  less  frequently  when 
our  schools  are  so  conducted  that  we  shall  be  able  to  find  out  what 
our  boys  and  girls  are  fit  for.  Too  often  those  who  take  up  the 
study  of  chemistry  are  destitute  of  the  mental  ability  required  to 
comprehend  so  difiBcult  and  wide  a  subject,  even  if  possessed  of  con- 
siderable manipulative  skill ;  very  many  of  these  never  can  rise  to 
the  dignity  of  chemists,  and  it  is  clear  that  in  tlie  future  some  dis- 
tinction must  be  made  between  cultured  chemists  and  those  who  are 
but  mere  skilled  workmen  in  some  special  branch  of  the  subject ; 
even  "  analyst "  is  too  broad  a  term,  in  many  cases  ;  "  tester  "  might, 
perhaps,  be  coined  for  the  purpose.  When  we  teachers  are  in  a 
position  to  advise  a  parent  that  his  son  has  not  the  making  of  a 
chemist  in  him,  but  that  he  would  do  well  as  a  food  tester,  manure 
tester,  or  iron  tester,  for  example — and  the  advice  is  understood  and 
appreciated — we  sball  be  relieved  of  much  anxiety.  We  have  to  bear 
in  mind  Huxley's  remark — ^that  the  future  of  the  country  depends,  in 
industries  as  in  everything  else,  on  getting  our  capacities  to  the  top 
and,  if  possible,  sending  our  incapacities  to  the  bottom.  Infinite 
mischief  has  been  done  in  this  country  by  the  intrusion  into  our 
industries  of  large  numbers  of  men  dubbed  chemists,  who  have  na 
right  whatever  to  the  name — from  no  fault  of  their  own,  but  owing  to 
their  imperfect  training,  and  more  especially  the  ignorance  ol 
employers.  Experience  has  shown  only  too  fully  that  no  one  has 
derived  any  real  advantage  from  this  state  of  affairs.  We  may  hope 
for  better  things  in  the  future,  especially  if  our  colleges  generally  are 
led  to  impose  an  entrance  examination.  I  am  satisfied,  from  the 
experience  that  we  have  had  at  the  City  and  Guilds  of  London  Central 
Technical  College,  that  it  is  of  utmost  importance  that  those  who  are 
to  study  chemistry  should  at  least  have  acquired  a  sound  elementary 
knowledge  of  mathematics ;  those  who  prove  to  be  satisfactory  students 
of  chemistry  are  almost  invariably  those  who  are  fairly  proficient  in 


ANNUAL   GENERAL   MEETING.  37i 

mathematics,  and  vice  versa.  "  It  is  almost  impossible  to  become  a 
chemist  in  less  than  three  or  four  years  of  constant  application." 
(Author's  preface  to  Lavoisier's  Elements  of  Chemistry,  English 
translation  by  Kei-r,  5th  ed.,  1802.)  Such  being  the  opinion  nigh  on  a 
century  ago,  what  must  our  view  now  be  ?  And  yet  there  is  a 
strange  illusion  abroad  that  a  three  years'  course  suffices  to  make  a  lad 
who  has  had  no  previous  training  whatever  in  scientific  method  a 
'•full  blown"  chemist,  worthy  of  considerable  hire!  It  is  often 
heart-rending  to  the  teacher  to  sec  lads  of  great  promise  forced  out 
into  the  world,  largely  by  this  prejudice,  just  at  the  most  critical  period 
of  their  career,  when  they  are  on  the  very  verge  of  acquiring  real 
understanding  of  their  subject,  and  of  developing  originality,  as  well 
as  the  power  of  Avorking  independently :  abandoning  their  studies  in 
this  way,  they  too  often  degenerate  into  mere  machines,  capable  of 
doing  what  they  are  told,  but  rarely  more.  And  the  manufacturer, 
who  is  too  short-sighted  to  discriminate,  then  complains  that  he  gets 
very  little  help  from  his  "  chemist,"  and  seeks  for  a  superior  article 
abroad. 

If  we  consider  what  a  chemist,  to  be  worthy  of  the  name,  must 
know  in  these  days,  it  is  clear  that  public  opinion  as  to  the  duration 
and  nature  of  his  studies  needs  much  emendation.  He  must  be  both 
artificer  and  artist.  By  constant  practice  and  persevering  application, 
he  must  acquire  the  manual  dexterity,  manipulative  skill  and  neat- 
ness required  of  the  analyst,  while,  at  the  same  time,  he  must  gradu- 
ally become  imbued  with  that  high  sense  of  accuracy,  without  Avhich 
his  labours  will  ever  be  untrustworthy  ;  he  must  also  acquire  manipu- 
lative skill  of  an  entirely  different  order  by  preparing  a  variety  of 
typical  substances,  so  that  he  may  understand  how  to  set  to  work  when 
he  subsequently  engages  in  original  labours  involving  the  preparation 
both  of  materials  already  known  and  of  new  ones;  and  he  must 
be  practised  in  the  more  important  methods  of  determining  physical 
constants.  While  thus  engaged  in  the  laboratory,  he  must  also  be 
studying  hard,  constantly  reading  and  occasionally  attending  lectures. 
To  be  a  chemist  it  is  necessary,  moreover,  to  know  much  besides  the 
practice  and  theory  of  chemistry  proper :  no  slight  amount  of  mathe- 
matical knowledge  is  also  requisite  for  the  proper  understanding  of 
the  fundamental  problems  of  our  science,  and  no  mere  acquaintance 
with  the  first  principles  of  physics,  especially  electricity,  suffices ;  some 
acquaintance  with  biological  science  is  indispensable,  if  we  are  to 
understand  the  manifold  applications  of  our  science  in  agriculture  and 
in  medicine,  or  are  to  assist  in  unfolding  the  nature  of  physiological 
processes  generally  ;  without  some  knowledge  of  mechanical  drawing" 
it  is  impossible  to  deal  with  machinery  or  to  understand  the  language 
in  which  machinery  is  described  ;  and  it  is  necessary  to  read  French 
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and  German  fluently,  the  latter  especially,  in  order  merely  to  follow 
Witt  intelligence  wliat  is  being  done  by  chemists.  All  this  cannot  be 
compressed  into  three  years,  and  be  it  remembered  I  have  said  no 
word  as  to  the  necessity  of  every  student  who  aspires  to  rank  as  a 
cbemist  undertaking  some  research  work  in  order  that  he  may  acquire 
independence  and  the  ability  to  solve  problems  and  to  progress. 

So  long  as  it  is  commonly  supposed  that  it  is  but  necessary  to  learn 
how  to  "  analyse  "  in  order  to  become  a  chemist,  there  will  be  but  little 
progress  ;  but  whea  it  is  realised  that  chemistry  is  an  exceedingly 
difficult  subject  to  master,  requiring  a  high  order  of  intellect  and 
breadth  of  mind,  combined  with,  extreme  patience  and  perseverance 
and  mucli  mechanical  dexterity,  other  views  will  prevail,  and  we  may 
hope  that  we  shall  then  count  as  of  us  very  many  who  will  rank  high 
as  artists  and  designers,  and  statesmen  even — instead  of  being  for  the 
most  part  mere  bricklayers,  carpenters  and  joiners,  capable  only  of 
working  to  order. 

I  have  great  hope  that  in  the  near  future  there  will  be  many  in- 
ducements held  out  to  capable  students  to  prolong  their  period  of 
study  to  a  satisfactory  extent.  At  present,  scholarships  are  mostly 
given  to  lads  on  their  leaving  school  and  commencing  their  technical 
training ;  the  method  by  which  such  lads  are  selected  is,  in  too  many 
cases,  an  unsatisfactory  one,  the  award  being  made  on  the  result  of 
an  examination  for  which  the  candidates  have  been  carefully  prepared 
and  crammed  beforehand :  the  result  too  often  affords  but  a  proof  of 
the  power  of  lesson  learning,  and  but  little  evidence  of  real  ability. 
Serious  injury  is  done  at  the  Universities,  owing  to  the  stilted  and 
artificial  character  of  many  of  the  college  examinations,  mere  lads 
being  required  to  answer  questions  of  a  highly  technical  character,  far 
beyond  the  standard  of  school  knowledge  of  the  subject ;  those  who 
are  successful  are  more  often  than  not  over-trained — purely  arti- 
ficial products,  whose  mental  digestion  has  been  impaired,  if  not 
altogether  ruined,  by  skilful  tutors  np  to  the  tricks  of  the  examiners. 
Such  a  system  is  partly  responsible,  also,  for  the  growing  practice  of 
keeping  lads  at  school — and  even  establishing  "  technical  "  sides  for 
their  special  benefit — far  beyond  the  age  at  which  school  should  be 
quitted  ;  such  lads  usually  acquire  bad  habits  during  the  last  year  or 
two  of  their  school  career,  growing  lazy ;  they  are  more  often  than 
not  very  poor  material  when  they  come  to  college ;  and  in  cases  in 
which  they  are  successfully  pushed  through  public  examinations, 
such  as  those  of  the  London  University,  not  having  enjoyed  the 
advantages  of  college  life  and  instruction,  they  are  too  frequently  but 
provided  with  a  varnish  of  knowledge.  However,  it  will  probably 
long  be  thought  necessary  to  offer  such  entrance  scholarships  in 
order  to  attract  ability,  and  they  will  be  regarded  with  favour  by 
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schools  as  they  obviously  afford  a  means  of  advertising — in  fact,  they 
are  used  as  such  ;  it  is,  therefore,  all  the  more  important  that  the 
conditions  under  which  they  are  awarded  should  be  such  as  to 
favour  rational  methods  of  teaching  and  which  as  nearly  as  may  be 
correspond  with  the  natural  conditions  of  school  life  ;  especially 
should  we  guard  against  encouraging  the  tendency  which  un- 
doubtedly exists  in  schools  to  lavish  attention  on  those  of  great 
promise  at  the  expense  of  those  of  average  ability.  Genius  will  ever 
take  advantage  of  opportunities,  while  necessarily  it  will  benefit  from 
careful  training  ;  but  it  may  be  overtrained  and  dulled,  or  made 
priggish  by  undue  specialisation  at  too  early  an  age.  Yet  to  make 
changes  is  difficult,  as  there  are  so  many  rivals  interested  ;  and 
although  the  evils  of  our  system  are  recognised,  no  one  is  willing  to 
take  the  first  step,  fearing  that  this  may  entail  individual  sacrifice. 

It  has  long  been  my  opinion  that  scholarships  would  be  of  most  use  if 
given  to  those  who  have  gone  through  a  systematic  course  of  training 
— lasting  say  about  three  years — and  who  are  on  the  verge  of  learning 
to  become  capable  independent  workers ;  an  additional  two  years 
spent  in  acquirinjr  the  power  of  undertaking  investigations  will 
render  such  students  highly  competent.  But  most  parents  can  ill 
afford  the  necessary  outlay,  and  it  is  astonishing  how  little  at  this 
stage  lads  themselves  realise  how  extraordinarily  important  it  is  for 
them  to  continue  their  studies ;  that,  in  fact,  they  are  worth  very 
little  to  anybody.  A  limited  number  of  such  scholarships  are  avail- 
able in  some  of  our  provincial  colleges,  and  those  given  by  the  1851 
Exhibition  Commissioners  are  also  of  this  kind.  In  London,  how- 
ever, there  has  long  been  a  strange  deficiency  in  this  respect,  but  I 
rejoice  to  say  that  this  is  on  the  eve  of  being  remedied  by  the 
enlightened  action  of  the  Salters  Company,  by  whom  not  only  has  a 
scholarship  of  £150  per  annum  been  offered  to  my  Institute  for  the 
encouragement  of  higher  research  in  chemistry,  but  also  one  of  £100 
tenable  in  the  research  laboratory  of  the  Pharmaceutical  Society,  as 
well  as  one  of  like  amount  to  aid  in  the  investigation  of  the  more 
medical  aspects  of  pharmacology,  tenable  in  the  school  attached  to 
St.  Thomas's  Hospital.  The  influence  of  the  example  thus  set  will, 
I  trust,  be  widely  felt — may  our  sore  needs  be  met  ere  it  is  too 
late! 

In  my  address  at  Aberdeen  I  dwelt  much  on  the  necessity  of 
creating  ati  atmosphere  of  research  in  our  colleges,  and  to-day  I  am  but 
repeating  much  that  I  said  then ;  I  regret  to  say  that  meanwhile  no 
great  progress  has  been  made,  although  indications  are  not  wanting 
that  the  foundation  is  being  laid  on  which,  if  conditions  become  more 
favourable,  we  shall  be  able  to  build  extensively.  I  venture  to  think 
that  the  time  is  come  when  we  must  appeal  to  our  senior  students  to 
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help  us :  hitherto  the  majority  of  these  have  gone  to  Germany  to 
complete  their  education,  Liebig's  magnetic  influence  being  in  no 
wise  exhausted — for  it  was  he  who  gave  direction  to  the  stream 
which  ever  since  has  steadily  flowed  in  one  direction,  and  deep 
beyond  description  is  the  debt  that  we  owe  to  his  memory  in  conse- 
quence. Time  was  when  it  was  necessary  to  take  passage  on  this 
stream,  but  this  is  no  longer  the  case,  or  need  not  be  if  advanced 
students  will  but  collect  around  us  in  sufficient  numbers  to  enable  us 
likewise  to  form  schools  of  original  workers — for  we,  like  the  ancient 
Egyptians,  cannot  make  bricks  without  straw,  and  to  be  condemned 
always  to  teach  the  rudiments,  more  often  than  not  to  unwilling 
ears,  takes  the  very  life  and  soul  out  of  those  among  us  who  by  nature 
have  any  higher  aspirations.  There  are  undoubtedly  advantages  to 
be  gained  from  a  residence  abroad — no  one  can  recognise  this  more 
fully  than  I  do  ;  but  I  believe  the  case  to  be  one  of  such  gravity 
that  some  sacrifice  must  be  made,  and  that  if  national  interests  are 
not  to  be  put  aside  as  of  altogether  secondary  importance,  individual 
preferences  must,  for  a  time  at  least,  be  subordinated  to  higher  con- 
.siderations.  It  is  not  accounted  necessary  in  Germany  to  study 
abroad,  and  severance  from  apron  strings  is  efl"ected  when  desirable 
by  visiting  a  university  away  from  home.  Why  should  not  English 
students  in  like  manner  pass  from  college  to  college  in  this  country y. 
and  thus  help  us  to  help  them  ? 

But  we  want  help  also  from  another  quarter — or  rather,  let  me  say, 
that  there  is  another  section,  and  that  a  very  large  one,  of  the  com- 
munity who  must  help  us  far  more  than  they  have  hitherto  done  to 
help  them  ;  I  mean  our  Tfianujacturers  generally.  Let  me  remind  you 
that  the  Chemical  Society  was  established  for  the  general  advancement 
of  chemical  science  as  intimately  connected  ivith  the  prosperity  of  the 
manufactures  of  the  United  Kingdom :  these  very  words  form  part  of 
our  charter.  Yet  to  how  small  an  extent  is  it  recognised  that 
chemistry  is  of  service — that  many  of  our  manufactures,  in  the  words 
of  our  charter,  mainly  depend  upon  the  application  of  chemical 
principles  and  discoveries  for  their  beneficial  development?  It  is  of 
no  use  to  manufacture  goods  if  you  cannot  sell  them,  and  that  is  too 
often  our  position.  Every  teacher  of  any  standing  in  Germany  can 
count  on  placing  his  students  so  soon  as  he  is  in  a  position  to  state 
that  they  are  fully  capable  and  worth  a  trial ;  but  here  there  is  no 
such  relationship  established  between  the  schools  and  the  works  ;  no 
proper  opportunity  is  given  to  young  men  to  prove  their  fitness  for 
an  industrial  career.  It  is  not  even  recognised  that  the  discipline 
afforded  by  the  study  of  our  subject  is  an  admirable  preparation  for  an 
industrial  career.  Take  the  brewing  industry,  which  in  this  country 
has   availed   itself  far  more  than   any   other   of    our  services — the 
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brewer  is  called  on  to  conduct  operations  involving  chemical  changes 
of  a  most  complex  and  delicate  chai'acter,  subject  to  variation  if  the 
slightest  departure  be  made  from  a  very  limited  range  of  conditions, 
and  this  too  with  a  material  subject  to  constant  fluctuation  in  com- 
position and  character,  requiring  the  most  vigilant  and  appreciative 
watching.  Every  brewer  ought  consequently  to  have  received  a 
chemical  training ;  yet  those  who  enter  this  industry  are,  with  very 
rare  exceptions,  pitchforked  into  it  as  raw  lads  from  school,  without 
any  preliminary  training  whatsoever,  having  received  their  position 
through  the  influence  of  a  friend  and  from  no  merit  of  thir  own.  The 
same  might  be  said  of  the  dyeing  industry,  of  that  of  gas  manu- 
facture, and  of  many  others.  Some  of  you  may  have  seen  the  list  of 
subscriptions  to  the  proposed  Schorlemmer  laboratory  at  the  Owens 
College,  Manchester,  and  may  have  marked  with  sorrow,  as  I  have 
done,  how  few  and  small  are  the  contributions  from  those  con- 
nected with  the  local  industries,  and  how  large  and  numerous  rela- 
tively are  those  from  friends  and  admirers  of  the  deceased  chemist  and 
from  members  of  the  college  staff.  Contrast  with  this  the  great  number 
of  subscriptions  towards  the  erection  of  the  Hofmann-Haus  in 
Berlin.  Although  the  comparison  is  not  quite  a  fair  one,  perhaps,  yet 
it  illustrates  my  meaning,  the  reception  accorded  to  the  Manchester 
scheme  being  sufiiciently  indicative  of  the  absence  of  appreciation 
of  the  real  value  of  chemical  science  to  industry  in  one  of  our  chief 
industrial  strongholds. 

We  have  allowed  more  than  50  years  to  pass  by  without  the  lesson 
being  learnt  generally  which  our  founders  already  had  before  them : 
if  their  prescience  had  but  guided  us,  how  proud  should  we  now  be 
of  our  position ;  but,  alas,  their  voices  seem  to  have  been  those  of 
men  crying  in  the  wilderness.  But,  fortunately  for  others,  they 
have  been  heard  and  heed  taken  of  them  elsewhere,  and  they  are 
exercising  an  abiding  influence ;  and  others  realise,  moreover,  that 
every  nerve  must  be  strained  to  maintain  the  rate  of  progress.  I 
have  but  just  received  a  copy  of  the  report  of  proceedings  in  the 
Lower  House  of  the  Prussian  Diet  on  March  7th,  in  which  there  is  a 
most  interesting  speech  by  Mr.  Bottinger,  member  for  Elberfeld, 
calling  attention  to  the  imperfections  in  the  present  German  Univer- 
sity system  of  training  chemists  for  educational  posts,  and  pointing 
out  how  important  it  is  that  these  should  receive  a  more  thorougti 
education.  In  a  later  speech,  on  March  12th,  the  same  member  drew 
attention  to  the  growing  importance  of  electro-chemistry,  and  the 
desirability  of  providing  increased  facilities  for  the  study  of  this 
subject.  I  will  venture  to  quote  the  following  passages  from  the 
first  of  these  speeches  as  an  illustration  of  the  extent  to  which  Ger- 
man opinion  has  advanced  in  these  matters. 
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"  Gerade  die  chemisclie  Industrie  ist  mehr  wie  jede  andere 
abhangig  von  der  griindlichen  wissenschaftlichen  Ausbildung, 
welche  die  in  ihr  beschaftigten  Spezialbeamten,  also  die  Chemiker, 
besitzen,  und  gerade  die  hervorragende  Stellung  welche  die 
chemische  Industrie  in  und  fur  Deutscliland — speziell  auf  hoherem 
organischen  Gebiete — errnngen  hat,  verdanken  wir  mit  in  erster 
Linie  dei'  griindlichen  Bildung  und  dem  tieffen  Wissen  welches  der 
Chemiker  auf  den  deutschen  Hochschulen  erhalten  hat. 

"  Es  ist  zu  allgemein  bekannt,  welch'  enormen  Yorsprung  wir  in 
Deutschland  in  dieser  Wissenschaft  und  in  dieser  Industrie  einneh- 
men  ;  wie  sehr  die  anderen  Nationen  sich  bemiihen  diesen  Vorsprung 
einzuholen  und  uns  die  errungene  Stellung  streitig  zu  machen. 
Diese  hervorragende  Stellung  ist  es  auch  welche  andere  Lander 
anspornt  uns  nachzumachen,  andere  Lander  auch  antreibt  die  Indus- 
trien,  welche  wir  ihnen  abgenommen  haben,  die  wir  in  Deutschland 
fast  ausschliesslich  beherrschen,  sich  wieder  zuriichzuerobern. 
Besonders  England  geht  nach  dieser  Richtung  mit  aller  Energie  vor  ; 
England  pflegt  und  fordert  die  Errichtung  wissenschafblicher  Ans- 
talten  und  die  wissenschaftliche  Ausbildung  mit  der  den  Englandern 
eigenen  Ausdauer  und  ist  bestrebt  die  durch  die  exceptionellen 
giinstigen  Vorbedingungen  die  es  fur  seine  Industrie  hat,  billige 
Kohlen,  billige  Ausgangsprodukte — ja  England  ist  das  Land  welches 
gerade  unsere  Industrie  den  vorwiegenden  Theil  der  benothigten 
Ausgangsprodukte  liefert — diese  durch  die  deutsche  Intelligenz  ihm 
abgenommenen  Indastrien  wieder  fiir  sich  zuriickzugewinnen.  Am 
besten  und  am  schlagendsten  ist  der  Beweis  fiir  die  Richtigkeit 
dieser  meiner  Behauptung,  dass  der  Ausbildung  und  Intelligenz  des 
deutschen  Chemiker  die  chemische  Industrie  ihre,  jetzt  herschende 
Stellung  verdankt,  dass  gerade  viele  Fabrikationszweige  die  wir  in 
Deutschland  jetzt  haben,  in  England  gegriindet  worden  sind  und  von 
dort  nach  Deutschland  heriibergebi-acht  sind,  und  sehen  wir  nun  in 
welch'  kurzer  Zeit  die  chemische  Industrie  Deutschlands  sich  auf 
alien  Gebieten  ausgedehnt  hat — wie  speziell  die  auf  den  organischen 
Prozessen  beruhenden  Verfahren  in  Folge  des  damit  verbundenen 
nothigen  subtilen  und  griindlichen  Studiums  sich  entwickelt  haben. 

"  Welche  Bedeutung  die  chemische  Industrie  fiir  Deutschland 
erlangt  hat  geht  aus  den  vom  Geheimen  Rath  Professor  Wichelhaus 
in  Berlin  veroffentlichen  Zusammenstellungen  hervor  wonach  er  die 
Gesammtproduktion  der  chemischen  Industrie  in  Deutschland  im 
Jahre  1891  auf  606,000,000  Mark  angiebt,  worin  allein  die  organi- 
schen Theerfarben  65,000,000  und  diejenige  der  organischen 
chemischen  Preparate  62,000,000  betragen.  Diese  Zahlen  kaun 
ich  noch  weiter  erganzen  durch  die  Mittheilung,  dass  nach  der 
berufsgenossenschaftlichon    Statistik    im    genannten    Jahre    allein 
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5273  Betriebe  mit  einera  Aufwande  von  83,800,000  Mark  fiir  bezahlte 
Arbeitslohne  in  Deutschland  thatig  waren. 

"Wenn  sie  bedenken  dass  dieses  Industriegebiet  in  Deutschland 
kaum  ein  halbes  Jdbrhundert  alt  ist — dass  iiberhaupt  das  erste 
chemische  wisssenscbaftliclie  Laboratorium  mit  zwei  Arbeitsplatzen, 
die  ersten  chemischen  Vorlesungen  vom  grossen  Liebig  im  Jahre 
1825,  in  Giessen  erofPnet  respektive  gehalten  wurden  und  ferner,  dass 
bei  der  so  rapiden  Entwickelung  nicht  so  viel  im  Umschlag,  als 
besonders  in  der  so  grossen  Vielseitigkeit  und  Verzweigung  des  zu 
bearbeitenden  grossen  wissenschaffcliclien  Gebiets,  die  einzelnen 
Zweige  sich  mebr  und  mehr  spezialisiren,  und  damit  auch  die 
Vertreter  dieser  verschiedenen  Richtungen  in  der  chemischen 
Technik  mehr  und  mehr  Spezialisten  auf  ihrem  Spezialgebiet  werden 
miissen,  ist  die  grosso  Gefahr  vorhanden,  dass  auch  die  jungen 
Chemiker  sich  schon  auf  den  Hochschulen  allzusehr  in  Spezialab- 
theilnngen  begeben,  sich  spezialisiren  statt  sich  griindlich  auf  alien 
Gebieten  der  Naturwissenschaften,  speziell  auch  auf  allgemeinen 
chemischen  Gebieten,  auszubilden  und  dadurch  den  Unterbau 
verlieren  den  sie  so  nothwendig  fiir  ihre  weitere  Thatigkeit  haben," 

I  commenced  this  section  by  referring  to  the  proposed  Teaching 
University  in  London  and  the  Commission  on  Secondary  Education, 
feeling  that  both  of  these  may  help  in  an  extraordinary  degree  to 
improve  our  position.  But  it  is  to  be  feared  that  our  subject  will  not 
attain  to  its  proper  condition  unless  some  action  be  taken  which  will 
consolidate  the  teaching — which  will  lead  to  the  centralisation  of 
students  of  chemistry  proper,  so  they  may  enjoy  the  inestimable 
advantage  of  intercourse,  and  have  at  their  disposal  a  complete  staff 
of  competent  teachers,  each  one  of  whom  thoroughly  represents  some 
special  branch  of  the  subject ;  so  long  as  students  are  distributed 
about  the  town  in  half  dozens  and  each  chief  teacher  is  called  on  to 
cut  himself  up  into  any  number  of  small  pieces,  so  as  to  deal  with 
the  subject  of  chemistry  as  a  whole,  true  higher  teaching  is  im- 
possible. 

Much  to  be  feared,  also,  is  the  tendency  to  overestimate  the  value  of 
examinations,  and  the  great  work  of  the  future  will  be  so  to  improve 
these  that  they  shall  have  no  prejudicial  influence  on  the  student's 
work  and  in  no  way  check  the  development  of  original  methods  of 
teaching  ;  we  must  fix  our  attention  mainly  on  the  influences  to  which 
the  student  is  to  be  subjected  during  his  career:  the  competent 
teacher  will  ever  study  his  students  while  they  are  at  work,  and  do 
the  best  for  them,  provided  he  be  not  rendered  powerless  by  the 
trammels  of  an  examination  system  which  heeds  "  results  "  only  and 
not  individuals. 

Finally,  let  me  say  that,  while  sympathising  most  fully  with  those 
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who  advocate  a  complete  course  of  study,  I  feel  that  it  is  very  easy 
to  demand  too  much — very  easy  to  make  it  impossible  for  students  to 
do  justice  to  their  work  by  imposing  too  many  subjects.  Our  chief 
desire  must  always  be  that  students  shall  acquire  a  knowledge  of 
scientific  method  and  the  power  of  working  independently.  Certain 
subjects  must  be  insisted  on — for  example,  mathematics  and  drawing  : 
if  a  knowledge  of  these  be  not  acquired  early  it  will  never  be  acquired ; 
but  apart  from  these  and  a  competent  knowledge  of  the  main  subject, 
we  probably  may,  as  a  rule,  be  satisfied  with  comparatively  little. 
Those  who  have  once  learnt  to  work  and  acquired  a  knowledge  of 
scientific  method  will  of  their  own  accord,  in  proportion  to  their 
intelligence,  apply  themselves  also  to  the  study  of  other  subjects — as 
many  among  us  have  done  ;  those  who  are  not  sufiiciently  intelligent 
to  do  this  are  not,  as  a  rule,  improved  by  being  forced  to  pay  atten- 
tion to  unpalatable  studies ;  on  the  contrary,  they  are,  more  often 
than  not,  thereby  hindered  from  acquiring  a  competent  knowledge  of 
some  one  subject  which  does  appeal  to  them,  and  are  spoilt  for  life  ia 
consequence. 

In  bringing  this  section  of  my  address  to  a  conclusion,  I  am  only 
too  fully  conscious  of  offending  against  my  own  precepts  ;  but,  at  a 
time  when  there  are  so  many  burning  questions  to  be  considered,  the 
temptation  becomes  irresistible. 

I  have  often  thought  that  it  should  be  the  duty  of  the  occupant  of 
this  chair  to  deliver  a  technical  address,  and  have  been  surprised  how 
uniformly  previous  Presidents  have  refrained  from  so  doing ;  bat  I 
now  realise  how  difficult  it  is  to  avoid  political  subjects,  and  iiow 
easy  in  consequence  it  is  to  avoid  scientific  subjects.  In  studying 
our  history,  I  have  found  it  to  be  surprisingly  difficult  to  form  a  clear 
picture  of  the  course  of  events,  both  within  and  without  our  body, 
and  hence  I  am  persuaded  that,  if  every  few  years  someone  were  to 
broadly  sketch  the  state  of  affairs  chemical,  a  useful  composition 
might  result,  which  would  not  only  serve  to  inform  future  readers, 
but  in  many  cases  would  aid  students  at  the  time  to  realise  the  nature 
of  the  irrepressible  undei-current  by  which  chemists  were  being 
influenced  in  their  researches.  But  this  must  always  be  a  difficult 
task  to  execute,  and  I  cannot  even  attempt  to  undertake  it  on  this 
occasion.  I  will  but  refer  to  a  few  of  the  most  pi  eminent  topics 
which  should  be  noticed  in  such  a  review,  while  dealing  at  somewhat 
greater  length  with  one  in  which  I  have  taken  special  interest  during 
the  past  ten  years,  and  which  happens  to  be  one  of  primary  import- 
ance-— viz.,  the  interdependence  of  chemical  and  electrolytic  change. 
This,  however,  may  be  suitably  considered  in  a  separate  section. 
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At  the  conclusion  of  the  address,  Sir  Frederick  Abel  proposed  a 
vote  of  thanks  to  the  President  coupled  with  the  request  that  he 
would  allow  it  to  be  printed.  This  was  seconded  by  Dr.  Russell,  and 
carried  unanimously. 

The  Treasurer  then  gave  an  account  of  the  Society's  income  and 
expenditure  during  the  past  session.  The  receipts  by  admission  fees 
and  subscriptions  had  been  £3,887  6s.  8d.,  as  against  £3,771  lis.  4id. 
in  the  previous  year;  £424  lis.  6d.  had  been  realised  by  the  sale  of 
the  Journal,  practically  the  same  amount  as  in  the  previous  year. 
The  year's  dividends  amounted  to  £367  2s.  7d.,  and  the  balance  at 
the  bank  was  £1,842  Is.  lOtL,  as  against  £1,511  17s.  If^.  in  the  pre- 
vious year.  The  Journal  had  cost  £2,882  17s.  Sd.,  instead  of 
£2,745  7s.  4eZ. ;  the  expenditure  on  the  library  amounted  to 
£497  Os.  9d. ;  the  Proceedings  cost  £215  I6s.  5cZ. ;  the  total  expendi- 
tui-e  being  £4,395  Ss.  3d.  Grants  amounting  to  £185  had  been  made 
from  the  Research  Fund. 

Mr.  Warington  proposed,  and  Mr.  Pickering  seconded,  a  vote  of 
thanks  to  the  Treasurer,  which  was  carried.  Professor  Thorpe,  after 
replying,  proposed  a  vote  of  thanks  to  the  Auditors;  this  was 
seconded  by  Mr.  Page  and  carried. 

A  vote  of  thanks  to  the  office  bearers  and  Council  was  proposed  by 
Dr.  Stevenson,  seconded  by  Dr.  Messel,  and  carried.  Professor 
Thomson  replied. 

Mr.  Horace  T.  Brown  proposed,  and  Dr.  J.  A.  Yoelcker  seconded,  a 
vote  of  thanks  to  the  Editors,  Abstractors,  and  Librarian.  Mr. 
Groves  replied. 

A  ballot  was  then  taken,  when  the  following  were  declared  by  the 
scrutators  elected  as  Officers  and  Council  for  the  ensuing  session  : — 

President:  H.  E.  Armstrong,  LL.D.,  Ph.D.,  F.R.S. 

Vice-Presidents  lolio  have  filled  the  office  of  President :  SirF.  A.  Abel, 
Bart.,  K.C.B.,  D.C.L.,  f!r.S.  ;  A.  Crum  Brown,  M.D.,  F.R.S. ; 
W.  Crookes,  F.R.S.;  E.  Frankland,  D.C.L.,  F.R.S.;  Sir  J.  H.  Gil- 
bert, Ph.D.,  F.R.S.;  J.  H.  Gladstone,  Ph.D.,  F.R.S.;  H.  Muller, 
Ph.D.,  F.R.S. ;  W.  OdHng,  M.B.,  F.R.S. ;  W.  H.  Perkin,  LL.D., 
Ph.D.,  F.R.S.;  Lord  Playfair,  K.C.B.,  Ph.D.,  F.R.S.;  Sir  H.  E. 
Roscoe,  LL.D.,  F.R.S.;  W.  J.  Russell,  Ph.D.,  F.R.S.;  A.  W.  Wil- 
liamson, LL.D.,  F.R.S. 

Vice-Presidents :  E.  Atkinson,  Ph.D. ;  Horace  T.  Brown,  F.R.S. ; 
A.  Vernon  Harcourt,  M.A.,  F.R.S. ;  Ludwig  Mond,  F.R.S. ;  C.  O'Sul- 
livan,  F.R.S. ;  William  Ramsay,  F.R.S. 

Secretaries  :  Wyndham  Dunstan,  M.A.,  F.R.S. ;  J.  Millar  Thomson. 

Foreign  Secretary  :  Raphael  Meldola,  F.R.S. 

Treasurer :  T.  E.  Thorpe,  B.Sc,  F.R.S. 
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Ordinary  Memhers  of  Council :  Charles  F.  Cross,  B.Sc. ;  Harold 
Dixon,  M.A.,  F.E.S.;  Bernard  Dyer,  D.Sc;  R.  J.  Friswell;  A.  G. 
Green;  F.  Stanley  Kipping,  D.Sc;  W.  H.  Perkin,  jun.,  F.R.S.; 
W.  A.  Shenstone ;  Thomas  Stevenson,  M.D. ;  John  A.  Yoelcker, 
Ph.D. ;  W.  P.  Wynne,  D.Sc. ;  Sydney  Young,  D.Sc,  F.R.S. 


OBITUARY    NOTICES. 


John  Hugh  Bicket,  born  in  1860,  was  educated  at  Dollar,  near 
Stirling,  and  subsequently  proceeded  to  Glasgow  University,  where 
he  gained  a  medal  in  chemistry.  He  became  assistant  to  Profes- 
sor Mills,  and  was  subsequently  appointed  principal  assistant  to 
Dr.  Tidy  at  the  London  Hospital,  performing  the  analyses  on  which 
the  Monthly  Report  on  the  quality  of  the  water  supplied  to  the 
metropolis  was  based.  In  1888,  Bicket  decided  to  devote  himself  to 
the  study  of  medicine,  and  shortly  afterwards  resigned  his  appoint- 
ment. Symptoms  of  lung  mischief  becomino'  apparent,  the  last  three 
winters  of  his  life  were  spent  abroad ;  but  a  severe  attack  of  influenza 
hastened  the  end,  and  he  died  at  Mentone  on  February  23rd,  1894. 
His  gentle  and  cheerful  manner  endeared  him  to  all  who  had  the 
pleasure  of  his  personal  acquaintance. 

James  Thomas  Brown  received  his  early  education  at  the  Stepney 
Grammar  School,  and  subsequently  at  the  City  of  London  School, 
which  was  then  under  the  direction  of  the  Rev.  Canon  Mortimer,  D.D. 

The  encouragement  given  to  scientific  education  by  the  respected 
headmaster,  and  by  the  enthusiastic  science  master,  Mr.  Thomas 
Hall,  B.A.,  tempted  young  Brown  to  devote  himself  largely  to  the 
pursuit  of  chemistry  and  natural  philosophy  during  his  school  life; 
and  this  naturally  led  to  his  attachment  in  later  life  to  the  pursuit 
of  natural  science  and  its  applications.  It  is  worthy  of  note  that 
the  City  of  London  School,  which  was  the  first  school  in  this  country 
to  include  the  teaching  of  the  experimental  sciences  in  its  curriculum, 
has  given  to  many  other  oE  its  early  pupils  that  interest  in  science 
which  has  determined  their  subsequent  careers. 

Young  Brown's  taste  for  scientific  studies  being  fostered  by  the 
sanguine  Thomas  Hall,  his  progress  was  rapid,  and,  in  1860,  he 
secured  a  science  scholarship  which  enabled  him  to  commence 
his  student's  career  at  the  Royal  College  of  Chemistry  under 
Hofmann.  On  leaving  the  College,  he  became  private  assistant 
to   Dr.   W.  H.   Perkin  in  the   research   laboratory  attached   to   the 
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well-known  colour  works  at  Gi-eenford  Green,  and  his  persevering 
and  conscientious  work,  partly  in  the  laboratory  and  partly  in  the 
works,  is  spoken  of  in  the  highest  terms.  This  p  irt  of  his  career 
terminated  shortly  after  Dr.  Perkin  withdrew  from  the  industry. 
Mr.  Brown  then  continued  to  manufacture  coal-tar  colours  and  lakes 
in  partnership  with  an  old  school-fellow;  and  he  only  left  this 
business  when  ill-health  rendered  it  impossible  for  him  to  continue 
regular  business  engagements.  Mr.  Brown  still  occupied  himself, 
however,  in  various  scientific  pursuits,  although  he  was  rapidly  be- 
coming a  confirmed  invalid.  In  connection  with  the  well-known 
firm  of  Messrs.  Sugg,  he  did  useful  work  in  photometry,  and  brought 
out  several  novel  forms  of  apparatus,  of  which  the  most  valuable 
appears  to  be  the  orthophote.  He  also  assisted  in  the  preparation 
of  the  index  of  the  Journal  of  ike  Society  of  Chemical  ladustry,  and 
edited,  year  by  year,  the  Gas  Manager  s  Pocket  Almanack,  for  which 
he  compiled  the  useful  tabular  matter. 

Rapidly  declining  health  ultimately  forced  Mr.  Brown  to  relinquish 
all  his  pursuits,  and  he  died  at  the  early  age  of  49,  on  the  8th  of 
January,  1894. 

To  Fellows  of  the  Chemical  Society,  Mr.  Brown's  name  will  be 
associated  with  his  papers  on  the  calculations  involved  in  vapour 
density  determinations  and  in  direct  determinations  of  niti-ogen, 
which  were  printed  in  the  Journal  of  this  Society.  Papers  were  also 
read  by  him  on  these  subjects  at  several  meetings  of  the  British 
Association.  He  was  also  the  author  of  several  treatises,  which 
brought  together  the  information  gleaned  from  the  literature  of  the 
various  subjects  treated  of,  in  compendious  form.  These  were 
entitled,  "  A  Historical  Sketch  of  Vapour-density  Methods," 
"  Photometry  and  Gas  Analysis  treated  Historically,"  "  Historical 
Pamphlet  of  Temperature  Regulators  "  ;  whilst  there  appeared  also 
sheets  illustrative  of  apparatus  referred  to  in  the  above  treatises 
under  the  title  of  "Apparatus  Past  and  Present." 

Francis  Coningsby  Hannam  Clark k.  Colonel  in  the  Royal  Artillery, 
was  bom  on  April  26,  1842.  After  the  usual  school  education,  he 
obtained  a  commission  as  Lieutenant  in  the  Bomb  ay.  Artillery,  which, 
like  the  rest  of  the  Indian  Army,  was  not  long  afterwards  incor- 
porated with  the  Royal  Artillery.  In  1866,  he  obtained  the  first 
place  in  the  open  competition  for  admission  to  the  Staff  College,  and 
joined  that  institution  in  1867.  There,  while  zealously  pursuing  the 
study  of  military  subjects  and  languages,  he  took  up  experimental 
science  as  a  voluntary  subject,  and  worked  at  it  under  Dr.  At- 
kinson, with  a  view  of  qualifying  himself  for  one  of  the  artillery 
appointments  in  which   a   knowledge  of  chemistry   and  physics    is 
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useful.  In  the  first  examination,  he  passed  out  at  the  head  of  the 
list  and  was  specially  mentioned  in  science;  soon  after  this  he  became 
a  Fellow  of  our  Society. 

His  subsequent  career  took  a  specifically  military  direction.  In 
1872,  he  was  appointed  a  Deputy  Assistant  Quartermaster-General  in 
the  Intelligence  Department,  and  during  his  tenure  of  this  office  he 
translated  the  very  voluminous  German  official  account  of  the  Franco- 
German  War.  In  September,  1878,  he  was  appointed  a  member  of 
the  Asiatic  Boundary  Commission,  which  occupied  him  for  more 
than  a  year  ;  in  1881,  he  was  sent  on  special  service  to  South  Africa, 
and  was  present  in  an  official  capacity  when  the  terms  of  peace 
were  settled.  For  his  services  in  this  and  other  capacities,  he  re- 
ceived the  distinction  of  C.M.G. 

On  his  return  to  England,  in  1889,  he  was  appointed  Pi'ofessor  of 
Military  Administration  and  Law  in  the  Staff  College,  which  he 
held  until  1884,  when  he  received  the  appointment  of  Surveyor- 
General  in  Ceylon.  In  this  appointment,  his  scientific  tastes  found 
congenial  employment  in  superintending  the  extensive  meteorological 
observations  which  are  carried  on  there. 

In  the  autumn  of  last  year,  he  came  home  on  sick  leave,  and,  not 
long  after,  death  from  congestion  of  the  lungs  cut  short  a  successful 
career.  E.  A. 

Robert  HraoiNS  Davies  was  born  at  Brecon,  on  August  3,  1851. 
He  died  on  November  16, 1893,  at  the  early  age  of  42,  at  Bournemouth, 
after  a  somewhat  prolonged  illness,  leaving  a  widow  and  two  young 
sons. 

Mr.  Davies  was  the  son  of  Mr.  David  Edward  Davies,  who,  in 
1857,  moved  to  Newport,  Monmouth,  where  he  was  a  very  active 
member  of  the  Wesleyan  body  for  many  years.  He  received  his 
early  education  at  the  Wesley  College,  Taunton  ;  this  school  was 
early  in  the  field  in  teaching  physical  science  as  a  school  subject,  and 
although  it  is  not  understood  that  Mr.  Davies  distinguished  himself 
by  showing  any  great  aptitude  for  science  as  a  lad,  the  writer  has 
reason  to  believe  that  this  circumstance  was  not  without  considerable 
influence  on  his  subsequent  bent  of  mind. 

After  leaving  Taunton,  he  was  apprenticed  to  the  well  known 
pharmacist,  Mr.  George  Edwards,  of  Dartford,  to  whom  he  owed 
much,  and  at  the  end  of  his  apprenticeship,  in  1871,  he  distinguished 
himself  by  winning  a  Junior  Beil  Scholarship  in  the  School  of 
Pharmacy  of  the  Pharmaceutical  Society,  being  placed  first  on  the  list 
in  a  year  when  three  scholarships  were  awarded  instead  of  only  one, 
which  was  then  the  usual  number.  After  a  very  successful  career 
as  a  student,  and  a  brief  return  to  the  practice  of  pharmacy,  he  was, 
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in  1873,  appointed  Demonstrator  in  the  Laboratory  of  the  School  of 
Pharmacy,  under  Dr.  Attfield,  where  he  was  valued  by  his  colleagues 
and  by  the  students  alike  for  his  mastery  of  the  chemistry  of 
pharmacy,  for  his  goodheartedness,  and  for  his  never  failing  anxiety 
to  help. 

On  becoming  public  analyst  for  the  Hammersmith  district,  he  gave 
np  his  demonstratorship,  and  shortly  afterwards  he  was  appointed 
to  the  charge  of  the  manufacturing  department  of  the  Apothecaries 
Company.     He  held  these  appointments  till  his  death. 

As  a  student,  Mr.  Davies  was  greatly  attracted  to  systematic 
organic  chemistry,  and  besides  doing  the  prescribed  course  of  work, 
he  contrived  to  read  a  good  deal  in  that  branch  of  science.  But  he 
subsequently  devoted  his  attention  chiefly  to  applied  chemistry  in 
relation  to  pharmacy  and  technical  analysis,  and  was  the  author  of 
several  interesting  papers  published  in  the  Journal  of  the  Pharma- 
ceutical Society  and  elsewhere,  but  on  the  whole,  in  later  life,  he 
gave  his  leisure  rather  to  public  business  than  to  research.  In  the 
course  of  a  brief  career,  during  which  he  was  often  hampered  by 
illness,  he  did  good  work  for  the  Pharmaceutical  Conference,  first  as 
Assistant  Secretary,  then  as  a  member  of  its  Council,  and  more 
recently  as  one  of  its  Vice-Presidents.  For  several  years  he  acted  as 
an  examiner  to  the  Pharmaceutical  Society.  He  several  times  served 
the  Chemical  Society  as  auditor ;  was  one  of  the  Secretaries  of  the 
Society  of  Public  Analysts ;  and  was  for  some  time  a  member  of  the 
Council  of  the  Institute  of  Chomistry. 

As  a  man  he  had  won  for  himself  a  very  wide  circle  of  friends, 
who  valued  him  for  his  warmth  of  heart  and  his  honesty  of  cha- 
racter. Those  who  knew  him  best  will  remember  him  for  his  singu- 
lar unselfishness,  and  for  his  constant  readiness  to  help  others. 

W.  A.  S. 

WiLLUM  Foster  was  the  son  of  a  Yorkshire  farmer,  and  was  born 
in  Skipsea  in  the  year  1845.  On  leaving  school  he  was  apprenticed 
to  Mr.  Smith,  chemist,  of  Bridlington,  where  he  studied  assiduously, 
and  made  considerable  progress  in  chemistry  and  botany.  He  then 
removed  to  London  and  studied  in  the  laboratories  of  the  Pharma- 
ceutical Society,  passing  all  t.he  examinations,  and  taking  honours 
in  botany  and  materia  medica ;  in  1869  he  became  Senior  Bell 
Scholar.  He  also  attended  the  classes  at  King's  College  for  some  time, 
and,  after  obtaining  a  scholarship  at  Sydney  Sussex  College,  he  pro- 
ceeded to  Cambridge,  and  took  his  degree  in  the  Natural  Science  Ti'ipos. 

In  1875,  he  was  appointed  lecturer  on  chemistry  at  the  Middlesex 
Hospital,  a  post  he  held  at  the  time  of  his  death.  For  many  years  he 
took  great  interest  in  the  chemistry  of  coal  and  gas  analysis,  and  for 
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his  paper  "On  the  Composition  of  Coal,"  the  Institution  of  Civil 
Engineers  awarded  him  the  Telford  Gold  Medal  and  premium. 

Mr.  Foster  "was  elected  a  Fellow  of  the  Chemical  Society  in  1872, 
and  a  Fellow  of  the  Institute  of  Chemistry  in  1878.  He  died  suddenly 
of  pneumonia  on  May  28,  1893. 

His  integrity  of  char.icter  endeared  him  to  a  large  circle  of  friends, 
and  a  kinder-hearted  man  or  truer  friend  never  existed.  T.  F. 

Samuel  Gale  was  born  at  Crayford,  October  8,  182P,  and  was 
educated  at  Bedford  Modern  School.  Having  decided  to  follow  the 
occupation  of  a  pharmacist,  he  was  at  an  early  age  apprenticed  in 
the  latter  town  to  Mr.  Corrie,  from  whom  he  received  a  thoroughly 
practical  training. 

In  1849-50,  he  was  a  student  at  the  school  of  the  Pharmaceutical 
Society,  and  subsequently  during  several  years  acted  as  assistant  in 
that  school  to  the  late  Professor  Redwood. 

In  1854,  Mr.  Gale  took  a  business  at  Barnstaple,  and  in  1857,  at 
the  invitation  of  the  late  Mr.  Thomas  Hyde  Hills,  he  returned  to 
London  to  take  the  direction  of  the  pharmaceutical  laboratory  of 
John  Bell  and  Co.,  in  Oxford  Street.  Here  he  did  useful  work,  and 
contributed  various  practical  notes  to  the  Pharmaceutical  Journal. 
He  was  an  Examiner  of  the  Pharmaceutical  Society  from  1865  to 
1891,  and  a  member  of  the  Pharmacopoeia  Addendum  Committee  in 
1890.  In  1891  he  became  a  partner  in  the  Oxford  Street  firm.  He 
died  March  28,  1893,  after  a  painful  illness,  which  he  bore  with  re- 
markable patience  and  fortitude.  W.  H. 

Charles  William  Heaton  died  on  September  11,  1893,  at  the 
age  of  58,  after  a  brave  struggle  against  ill  health  for  many  years. 
He  commenced  t.he  practical  study  of  chemistry  in  the  laboratory  of 
Mr.  Dugald  Campbell,  and  afterwards  under  the  guidance  of  Dr. 
Stenhouse,  in  St.  Bartholomew's  Hospital  laboratory,  where  he 
was  fellow  assistant  with  Professor  Kekule,  Dr.  Attfield,  and 
Professor  Tuson.  It  was  not  long,  however,  before  his  ability  and 
power  in  teaching  were  recognised,  and  this  led  to  his  appointment 
as  chemical  teacher  at  the  Royal  Benevolent  College,  Epsom.  Here 
the  interest  he  took  in  the  welfare  of  the  pupils  entrusted  to  his  care 
soon  gained  him  that  sincere  respect  and  esteem  in  which  he  was 
held  by  all  who  subsequently  became  acquainted  with  him.  His 
teaching  at  Epsom  was  attended  with  distinct  success,  and  some 
evidence  of  the  inteiest  which  he  succeeded  in  awakening  in  the 
minds  of  his  pupils  may  be  derived  from  the  fact  that  amongst 
the  old  boys  who  received  their  early  chemical  education  during 
Mr.  Heaton's  coimection  are  those  who  could  be  mentioned  to-day 
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as  working  hard  and  reaping  excellent  fruit  in  the  search  after 
truth.  On  August  16,  1862,  he  was  appointed  to  succeed  Mr.  Tuson 
(on  his  translation  to  the  Chair  of  Chemistry  at  the  Royal  Veterinary 
College)  as  Lecturer  on  Chemistry  in  the  Medical  School  of  Charing 
Cross  Hospital,  an  appointment  which  he  held  up  to  the  time  of  his 
death.  Thus  did  he  labour  unremittingly  in  the  service  of  medical 
science  during  more  than  30  years.  He  was  exceedingly  popular  with 
the  students  and  with  the  staff  of  the  hospital,  and  much  of  the  success 
of  his  teaching  there  was  due  to  the  personal  and  individual  attention 
which  he  bestowed  gracefully  and  freely  on  each  student.  All  who 
came  into  contact  with  him  soon  learned  that  to  know  Charles  Heaton 
was  to  love  him.  No  stern  words  ever  escaped  him  in  the  lecture 
theatre,  but  he  was  none  the  less  firm,  and  when  a  breach  of  discipline 
did  occur  he  had  a  peculiarly  happy  method,  which  appealed  to  all,  of 
restoring  good  humour  and  feeling.  Mr.  Heaton  was  also  lecturer 
in  the  London  School  of  Medicine  for  Women,  and  amongst  other 
appointments  he  held  were  those  of  Examiner  in  Chemistry  to  the 
Royal  College  of  Physicians  and  to  the  Royal  College  of  Veterinary 
Surgeons,  Treasurer  to  the  Society  of  Public  Analysts,  and  Public 
Analyst  to  the  parish  of  St.  Martin-in-the-Fields.  He  has  served  on 
the  Council  of  the  Chemical  Society,  and  was  an  original  member  of 
the  Institute  of  Chemistry.  He  possessed  excellent  judgment  and 
tact,  and  his  wide  acquaintance  with  industrial  pursuits  in  which 
chemical  operations  are  involved  secured  for  him  the  position  of 
consultant  and  adviser  in  certain  important  commercial  undertakings. 
He  took,  more  particularly,  a  deep  interest  in  the  subject  of  coal  gas 
purification,  and  he  had  a  practical  share  in  the  development  of  the 
Claus  process  for  the  removal  of  sulphur  from  foul  gas  and  its 
I'ccovery.  This  process,  with  which  he  was  long  connected,  received 
a  powerful  stimulus  when  Chance  applied  it  to  the  recovery  of  sulphur 
from  alkali  waste.  In  1882,  Mr.  Heaton  was  appointed,  with  other 
chemists,  amongst  whom  were  Drs.  Tidy,  Frankland,  and  Dupre,  to 
enquire  into  the  condition  of  the  Thames,  and  in  the  following  year 
he  gave  evidence  before  the  memorable  Royal  Commission  in  the 
House  of  Commons.  Much  of  his  time  was  occupied  with  literary 
work,  which  was  chiefly  published  in  the  Lancet,  but  he  contributed 
also  to  the  Saturday  Review,  the  Chemical  News,  and  some  of  the  art 
journals.  His  contributions  were  written  with  characteristic  style 
and  grace,  displaying  a  thorough  grasp  of  the  subject  under  treat- 
ment, while  method  was  evidently  in  this,  as  in  the  rest  of  the  work 
he  undertook,  his  guiding  principle.  He  wrote  two  elenaentary  works 
on  chemistry,  both  more  or  less  of  a  popular  kind ;  his  experimental 
chemistry,  founded  on  "  Stockhardt's  Principles,"  was  re-issued  a 
few  years  ago,  and  still  circulates,  chiefly  amongst  medical  students. 

2  K  2 
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Mr.  Heaton  will  be  remembered  by  his  colleagues  as  the  most  genial 
of  companions,  and  most  generous  and  most  kind  of  men,  one  who  was 
never  known  to  say  an  ill-natured  word  of  anybody  ;  nor  was  it  possible 
for  anybody  to  say  aught  but  good  of  him.  Those  whose  privilege  and 
pleasure  it  was  to  work  with  him  will  ever  remember  and  be  grateful 
for  his  kindly  acts,  counsel  and  words  of  encouragement,  which  always 
sprang  from  unselfish  and  unalloyed  motives.  He  possessed  the  singu- 
lar and  happy  gift  which  finds  expression  in  the  symbol,  the  pouring 
of  oil  upon  troubled  waters  ;  he  was  ever  willing  and  ready  to  extend  a 
helping  hand  and  was  never  weary  in  well-doing.  His  death  is  a 
source  of  heartfelt  sorrow  and  sincere  regret  to  the  colleagues  and 
friends  he  has  left  behind,  but  each  and  all  feel  that  one  whose  "  life 
was  gentle  "  has  gone  to  his  rest.  S.  A.  V, 

Dr.  A.  Leibius,  President  of  the  Royal  Society  of  New  South 
"Wales,  was  for  34  years  scientific  adviser  to  the  Government,  in  his 
capacity  of  Chief  Assayer  to  the  Sydney  Branch  of  the  Royal 
Mint. 

After  taking  the  degree  of  Ph.D.  in  Germany,  he  came  to  this 
country  about  the  year  1856,  and  worked  during  three  years  under 
Hofniann  in  the  laboratory  at  the  Royal  College  of  Chemistry. 
Dr.  Hofmann  then  held  one  of  the  Non-Resident  Assayerships  at 
the  Mint,  an  oflBce  which  was  abolished  in  1871,  and,  at  the  request  of 
the  late  Professor  Graham,  then  Master  of  the  Mint,  nominated 
Leibius  a  candidate  for  the  post  of  Assayer,  in  the  Sydney  Branch 
of  the  Royal  Mint,  which  the  brilliant  young  Professor,  Stanley 
Jevons,  had  just  resigned.  Dr.  Leibius  was  chosen  and  recommended 
to  the  Treasury,  on  the  22nd  of  March,  1859.  Dr.  Hofmann's  letter 
to  Professor  Graham,  which  is  now  before  the  writer  of  this  brief 
memorial  of  Dr.  A.  Leibius,  is  written  in  the  most  glowing  terms, 
which  pi'oved  to  be  abundantly  justified,  for  Leibius  was  an  admir- 
able official  He  rendered  great  services  to  the  Government  as 
adviser  on  technical  subjects  connected  with  the  extraction  of  the 
precious  metals  from  their  ores  and  their  purification.  Dr.  Leibius 
visited  this  country  twice  during  the  long  course  of  his  official  career 
and  was  much  beloved  by  a  wide  circle  of  friends. 

He  was  first  secretary  and  afterwards  President  of  the  Royal 
Society  of  New  South  Wales,  and  communicated  several  papers  to 
its  Transactions.  W.  C.  R.  A. 

S.  I.  Smith,  C.E.,  the  son  of  a  retired  naval  officer,  w^as  born  at 
Portsmouth,  Hants,  in  1829.  On  leaving  school,  he  was  articled  as  an 
engineer,  and  practised  this  profession  privately  during  several  years 
His  first  public  appointment  was  under  the  Worthing  Improvement 
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Commissioners,  after  which  he  was  successively  engineer  in  charge  of 
the  construction  of  the  Royal  Military  College,  Sandhursf,  and  of  the 
Sheffield  Barracks.  The  latter  post  he  resigned  on  his  appointment 
as  Secretary  to  the  Royal  Commission  on  the  Pollution  of  Rivers. 
He  served  the  second  Commission  appointed  in  1868  in  a  similar 
capacity,  and,  on  the  completion  of  the  work  of  the  Commission,  was 
appointed  one  of  the  inspectors  in  the  engineering  department  of  the 
Local  Government  Board.  He  was  in  the  active  discharge  of  his 
duties  at  the  time  of  his  death,  in  November  last. 

By  the  sad  death  of  Ur.  Tyndall,  which  took  place  on  December  4, 
1893,  at  Haslemere,  the  Chemical  Society  has  to  mourn  the  loss  of 
one  of  its  rnost  distinguished  members,  and  the  scientific  world  one 
of  its  foremost  representatives  and  most  striking  and  original  per- 
sonalities. 

Although  the  greater  part  of  the  work  by  which  Dr.  Tyndall  is 
best  known  to  the  world  is  not  in  the  line  specially  cultivated  by  the 
Chemical  Society,  we  may  take  credit  for  him  as  one  of  those  who, 
like  his  gr-eat  predecessor,  Faraday,  and  many  others  here  and 
abroad,  entered  the  field  of  experimental  research  through  the  gate- 
way of  chemistry,  a  process  which  does  not  seem  to  have  been 
reversed  by  anyone.  What  indeed,  first  aroused  the  scientific  interest 
v/hich  lay  dormant  in  him  w^as  a  simple  chemical  experiment  which 
he  saw  in  1842  at  a  lecture  at  the  Mechanics'  Institution  at  Preston, 
showing  the  well-know^n  fact  that  air  which  has  been  breathed 
through  the  lungs  contains  a  larger  quantity  of  carbonic  acid  than 
ordinary  air.  "  The  delight,"  he  says,  many  years  afterwards,  "  with 
which  I  saw  the  conversion  of  the  limpid  lime  water  into  a  turbid 
mixture  of  chalk  and  water  remains  with  me  as  a  memory  to  this 
time."  It  may  also  be  added  that  Tyndall  became  a  member  of  our 
Society  in  1868,  and  many  years  ago  was  a  not  unfrequent  attendant 
at  our  meetings,  taking  part  in  the  discussions. 

John  Tvndall  was  born  in  1820,  at  Leighton  Bridge,  in  Carlow. 
His  father  was  in  the  old  Inland  Revenue  Service,  and  combined  with 
his  official  duties  a  small  business  as  leather  dealer.  Tyndall's  father 
•was  a  strong  Protestant,  and  there  is  ground  for  believing  him  to  be 
of  the  same  stock  as  William  Tindale,  the  first  translator  of  the 
Bible  into  English,  some  of  this  family  of  cloth  workers  having 
migrated  from  Gloucestershire  into  Ireland  in  the  17th  century. 
Tyndall's  father  was  anxious  that  his  son  should  have  a  good  educa- 
tion, and  he  remained  at  school  until  his  19th  year.  On  leaving 
school,  he  obtained  an  appointment  as  Civil  Assistant  on  the 
Ordnance  Survey  at  a  very  moderate  rate  of  pay,  but  which,  with  his 
abstemious  habits,  was  sufficient  for  his  modest  needs.     He  remained 
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in  this  employment  during  five  years,  never  neglecting  any  opportunity 
of  self-cultivation.  The  knowledge  and  experience  of  surveying  he 
acquired  was  of  great  service,  for  on  leaving  the  Survey  in  1844,  he 
at  once  gained  more  lucrative  employment  with  a  firm  of  civil  engi- 
neers in  Manchester,  being  employed  by  them  in  surveying  for 
new  lines  of  railway  in  various  parts  of  Lancashire  and  Yorkshire  in 
that  period  of  busy  and  almost  feverish  activity  which  culminated  in 
the  Railway  Mania  of  1846. 

Even  while  thus  actively  engaged,  Tyndall  lost  no  occasion  of 
furthering  his  constant  aim  of  gaining  deeper  and  wider  mental 
cultivation.  Some  considerable  part  of  his  time  was  spent  at  Preston, 
in  Lancashire,  where  he  made  the  acquaintance  of  Mr.  George 
Edmondson,  a  member  of  the  Society  of  Friends,  who  conducted  a 
large  school  at  Tulketh  Hall,  near  Preston.  Mr.  Edmondson,  like 
many  of  the  religious  body  to  which  he  belonged,  was  an  enthusiast 
for  education,  he  was  quite  alive  to  modern  requirements,  and  he  was 
a  good  organizer.  This  school  was,  I  believe,  the  first  in  England  in 
which  chemistry  was  systematically  taught ;  it  had  a  properly- 
equipped  laboratory,  which  was  arranged  under  the  direction  of  our 
former  president,  then  Mr.  Edward  Frankland. 

Before  this  time,  owing  to  the  failure  of  Robert  Owen's  Socialistic 
Community  at  Harmony  Hall,  in  Hampshire,  the  property  had  re- 
verted to  the  mortgagees.  The  building  was  admirably  adapted  for 
the  purposes  of  a  school,  and  Mr.  Edmondson  was  ultimately  induced 
to  transfer  his  school  thither.  The  establishment  was  reopened  under 
the  name  of  Queenwood  College  as  a  modern  school  and  agricultural 
college  for  adults,  for  which  800  acres  of  land  formerly  belonging  to 
the  community  were  available. 

Tyndall  was  appointed  teacher  of  Mathematics  and  Surveying, 
and  Frankland  teacher  of  Chemistry  and  Physics  in  the  new  institu- 
tion. It  may,  perhaps,  here  be  remarked  that,  contrary  to  what 
Mr.  Grant  Allen  has  stated  in  the  Review  of  Reviews,  the  founders 
of  Queenwood  had  no  sympathy  whatever  with  their  predecessors' 
opinions,  and,  indeed,  there  was  an  almost  painful  anxiety  to  show 
this  disagreement.  It  may  also  further  be  remarked  that  the  agri- 
cultural pupils,  being  so  much  older  than  the  school  pupils,  made  it 
difficult  to  work  the  two  together,  and  after  a  sufficient  trial  the 
agricultural  department  was  abandoned  and  the  school  alone  con- 
tinued. There  was  realised,  more  than  40  years  ago,  a  modern  school 
in  the  best  sense  of  the  word  ;  a  place  where  mathematics,  the  experi- 
mental sciences  and  modern  languages  occupied  the  best  ability,  and 
the  predominant  force,  the  ancient  classics  a  subordinate  one. 

In  Queenwood,  Tyndall  first  became  acquainted  with  Dr.  Frank- 
land,  who  was  appointed  teacher  of  Chemistry  and  Physics  in  the 
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new  TnstitxiHon,  and  liere  he  worked  at  chemistry  under  his  new 
friend  and  colleague,  whilst  Frankland  in  turn  had  the  advantage  of 
Tyndall's  instruction  in  mathematics. 

Being  desirous  of  greater  opportunity  of  private  study  than  could 
be  afforded  by  the  constant  and  engrossing  work  of  a  rising  school, 
the  two  friends  went  to  the  University  of  Marburg  in  1848,  atti'acted 
mainly  by  the  fame  of  our  venerable  Senior  Foreign  Member,  Bunsen, 
at  that  time  Professor  of  Chemistry  there. 

Here  Tyndall  worked  at  chemistry,  mathematics,  and  physics,  but  his 
mind  was  gradually  more  and  more  directed  towards  the  latter  branch. 
His  dissertation  which  it  was  necessary  to  write  as  one  of  the  con- 
ditions for  the  degree  of  Doctor  of  Philosophy,  w^as  a  purely  mathe- 
matical one,  on  the  conditions  of  equilibrium  of  screw  snrfaces.  In 
the  latter  part  of  his  stay  at  Marburg,  he  worked  in  the  laboratory  of 
his  friend,  Knoblauch,  extraordinary  Professor  of  Physics  in  Marburg. 
He  afterwards  went  to  Berlin,  where  he  worked  in  the  laboratory  of 
Magnus,  and  here  he  became  personally  acquainted  with  the  leading 
Berlin  physicists. 

In  1851  he  returned  to  England,  and  resumed  his  position  at 
Qaeenwood,  where,  in  addition  to  the  teaching  of  mathematics  and 
physics,  he  occupied  himself  with  experimental  work  which  he  had 
begun  under  Magnus,  and  with  a  series  of  ''  Reports  on  the  Progress 
of  the  Physical  Sciences  in  Grermany,"  commenced  in  Germany,  and 
published  in  the  Philosophical  Magazine. 

Thus  engaged,  he  waited  for  some  position  where  he  could 
wholly  devote  himself  to  physics,  in  which  he  had  now  found  hir; 
work.  The  prospects  of  physicists  were  at  that  time  unsatisfactory ; 
the  number  of  Professorships  was  small,  and  the  vacancies  were  in- 
frequent. His  friend,  Frankland,  repeatedly  urged  him  to  revert  to 
chemistry,  in  which  the  prospects  were  brighter,  but  he  steadily 
refused  to  do  so,  saying  he  would  bide  his  time. 

At  length  his  time  came.  His  admirable  accounts  of  foreign  physi- 
cal investigations  published  in  the  Philosophical  Magazine  had  been 
eagerly  welcomed  by  English  physicists,  notably  by  Faraday  and 
Grove,  and  Dr.  Bence  Jones,  at  that  time  Secretary  of  the  Royal 
Institution,  on  a  visit  to  Berlin,  had  come  to  know  the  high  opinion 
in  which  Tyndall  was  held  by  the  physicists  there.  The  result 
of  this  was  that  he  received  an  invitation  to  give  a  Friday  evening 
lecture  at  the  Royal  Institution.  The  subject  of  this  lecture  was 
ou  "  Matter  and  Force,"  and  it  was  a  complete  success.  One 
of  our  former  Presidents,  Dr.  Gladstone,  says  "  that  it  was 
characterised  by  great  class  and  force,  and  seemed  to  take  the 
audience  by  storm."  Another  former  President,  Dr.  Frankland,  says 
"  this  lecture,  though  on  such  an  abstruse  subject,  took  his  audience, 
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most  popular  as  it  was,  bj  storm,  and  at  the  close  he  received  quite 
an  ovation." 

The  result  of  this  successful  start  was  that  Tyndall  was  appointed 
in  1853  Professor  of  N'atural  Philosophy  in  the  Royal  Institution, 
after  having  been  elected  into  the  Royal  Society.  From  that  time  to 
his  retirement  in  1887  he  was  identified  with  the  Royal  Institution ; 
on  the  death  of  Faraday  he  resided  there,  occupying  Faraday's  old 
rooms. 

From  the  time  of  his  coming  to  London  Tyndall's  career  is  before 
the  world.  His  lectures  at  the  Royal  Institution,  both  his  complete 
courses  and  his  Friday  evening  discourses,  represent  a  type  of  scientific 
exposition,  popular  in  the  best  sense  of  the  term,  which  had  never 
before  been  attained,  and  which  has  done  much  to  fix  a  high 
standard  of  scientific  experimental  exposition  which  is  not  confined 
to  physics. 

Of  the  fruits  of  Tyndall's  multiform  activity  during  the  34  years 
of  work  at  the  Royal  Institution,  that  which  has  greatest  interest  for 
chemists  is  his  researches  on  the  relations  of  simple  and  compound 
gases  and  of  vapours  to  radiant  heat.  In  this  research  he  calls  the 
attention  of  chemists  to  the  decomposition  which  takes  place  when 
the  electri^  light  is  allowed  to  act  on  a  mixture  of  hydrochloric  acid 
gas  and  nitrate  of  amyl.  He  did  not  examine  the  products  of  this 
reaction,  but  invited  chemists  to  do  so — an  invitation  which  so  far 
does  not  seem  to  have  been  re.sponded  to.  His  researches,  too,  on  the 
floating  matter  of  the  air,  and  its  relations  to  putrefaction  and  fer- 
mentation, are  of  great  importance  for  chemists. 

Tyndall  was  a  distinguished  member  of  the  Alpine  Club,  and  well 
known  as  one  of  the  pioneers  in  Alpine  exploration,  having  made  the 
first  ascent  of  the  "Weisshorn  in  1861.  His  careful  investigation  of 
the  motion  of  glaciers,  and  his  charming  books  on  mountaineering, 
bear  testimony  to  his  skill  as  an  experimenter,  and  to  his  literary 
ability. 

Tyndall's  health  was  from  his  youth  never  very  good,  and  only  his 
indomitable  will  and  his  resolute  perseverance  enabled  him  to  per- 
form the  intellectual  and  physical  work  he  did.  Later  in  life,  as  was 
natural,  it  became  worse,  and  in  1887  he  resigned  his  appointment  at 
the  Royal  Institution  and  retired  permanently  to  Hindhead,  where 
he  had  built  himself  a  house.  On  the  occasion  of  his  retirement  he 
was  entertained  at  a  dinner  at  Willis's  Rooms,  which  for  the  character 
of  the  guests  and  the  warmth  of  the  enthusiasm  evoked  was  quite 
unprecedented.  "  Many  notable  gatherings  have  taken  place  in 
Willis's  Rooms,"  wrote  Nature  on  the  occasion,  "  but  we  question  if 
English  science  has  ever  been  more  completely  represented  than  at 
the  '  Tyndall  dinner.'     The  President  of  the  Royal  Society  was  in  the 
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chair.  The  seven  vice-chairmen  were  presidents  of  the  most  important 
scientific  societies.  The  tables  were  crowded  with  men  whose  names 
are  known  wherever  nature  is  studied." 

In  1876  Professor  Tyndall  married  Louisa,  eldest  daughter  of  Lord 
Claud  Hamilton.     She  survives  her  husband.  E.  A. 
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XXXVI. — Fluorplumbates  and  Free  Fluoiine. 

By  BoHUSLAV  Brauxer,  Ph.D.,  late  Berkeley  Fellow  of  Owens 
College,  Pi'ofessor  of  Chemistry  in  the  Bohemian  University, 
Prague. 

Twelve  years  ago  (Trans.,  1882,41,  68),  the  compounds  CeF4H20and 
3KF,2CeF4,2H20  were  described  by  me,  and  it  was  shown  that,  when 
carefully  heated,  they  lose  their  water,  and  then,  if  heated  more 
strongly,  they  evolve  fluorine,  that  is,  a  gas  which  smells  of  hypo- 
chlorous  acid  and  decomposes  potassium  iodide  with  liberation  of 
iodine.* 

About  the  same  time  (1882,  Abstr.,  8),  it  was  stated  by  me  that 
similar  compounds  of  quadrivalent  lead  had  been  prepared,  but  that  I 
was  unable  to  obtain  them  in  a  pure  state. 

In  the  year  1885,  Nikoljukin  (Journ.  Buss.  Chem.  Soc,  1885) 
announced  the  existence  of  a  double  salt  of  ammonium  chloride  with 
^^  lead  in  which  the  lead  is  present  as  tetrachloride, 

This  salt  was  subsequently  investigated  (1887)  in  this  laboratory 
by  Friedrich,  and  lead  tetrachloride  was  obtained  from  it  (1890, 
Abstr.,  699).  The  salt  has  the  formula  2NH4Cl,PbCl4  (Friedrich  : 
Abstr.,  1893,  ii,  415  ;  compare  Classen  and  Zahorski,  Abstr.,  1893, 
ii,  464,  and  Wells,  ibid.,  ii,  523).  Another  interesting  compound  of 
quadrivalent  lead,  the  tetracetate,  has  been  studied  recently  by 
Hutchinsson  and  Pollard  (Trans.,  1893,  63,  1136).t 

The  work  on  the  fluorides  of  quadrivalent  lead  referred  to  above 
was  taken  up  from  time  to  time,  but  my  laboratory  not  being 
arranged  for  this  kind  of  work,  the  deleterious  effects  of  hydrofluoric 
acid  often  compelled  me  to  postpone  it.     I  beg  now  to  lay  before  the 

*  Moissan  regards  ifc  as  possible  that  some  higher  fluorides  may  decompose  by 
heat  to  lower  fluorides  with  Uberation  of  fluorine,  but  he  makes  no  reference  to  my 
experiment,  by  which  this  was  proved.  Mendeleeff,  however,  in  his  well-known 
JPrinciples  of  Chemistrif,  says  :  "  It  is  evidently  fluorine." 

t  Last  year  Mr.  Husnik,  one  of  my  advanced  students,  was  engaged  in  in- 
vestigating Jacquelain's  salt,  Pb02(C4H303)4 ;  it  was  found  that  the  true  formula 
is  Pb(C2H302)4,  and  that  it  can  be  easily  obtained  by  following  Jacquelaiu's  direc- 
tion. When  Mr.  Husnik  began  to  prepare  other  salts  of  tetratomic  lead  from  it, 
Ihe  paper  of  Hutchinson  and^Pollard  was  published,  and  I  regarded  it  as  an  act  of 
courtesy  due  to  these  English  chemists  to  diacoutinue  the  research. 

VOL.    LXr.  2  F 
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Society  some  of  the  results  of  intermittent  work  carried  on  during 
some  years. 

The  salt  I  have  obtained  is  the  first  member  of  a  new  series  of 
salts  :  the  fluorplunibates,  derivatives  of  flaorplumbic  acid.  It  can 
be  prepared  by  the  following  methods. 

1.  By  treating  the  freshly-precipitated  oxide  Pb507,3H20  with  a 
mixture  of  hydrogen  potassium  fluoride  and  hydrofluoric  acid.  As 
lead  difluoride  is  formed  at  the  same  time,  the  fluorplumbate  must  be 
separated  from  it  by  dissolving  it  in  hydrofluoric  acid  and  crys- 
tallising it  from  this  solvent. 

The  oxide  Pb507,3H20  was  first  obtained  by  me  in  1881  and 
described  in  1885  (Royal  Society  of  Bohemia,  295 — 299)  ;  it  is  inter- 
mediate between  the  oxides  Pb203  and  PbsO^  for  PbiOs-j-  Pb304=Pb807. 
This  is  also  seen  from  the  following  comparison. 

PbjOa.  'Ph-fi-,.  Pb;,0,. 

2PbO,2Pb02  3PbO,2Pb02  4PbO,2Pb02 

It  dissolves  more  readily  in  acids  than  the  anhydrous  double  oxides. 

2.  By  substituting  fluorine  for  oxygen  in  Fremy's  plumbates.  Foi- 
this  purpose,  lead  dioxide  is  fused  with  potassium  hydroxide  in  a 
silver  crucible  in  the  proportion  SKOHjPbOo,  and  the  mass  obtained* 
is  moistened  with  water,  after  which  it  is  added,  in  small  portions  at 
a  time,  to  a  large  excess  of  pure  strong  hydrofluoric  acid.  At  first 
the  bi'own  paste  dissolves  completely  with  a  violent  action,  but  as 
soon  as  the  acid  becomes  weaker,  some  lead  dioxide  (partly  in  the 
hydrated  state)  separates,  together  with  other  impurities.  The  solu- 
tion, which  has  meanwhile  become  warm,  is  separated  by  filtration 
from  the  insoluble  impurities,  among  which  some  silver  fluoride  is 
found,  and  is  concentrated  either  by  spontaneous  evaporation  in  a 
good  current  of  air  or  at  a  very  gentle  heat.  As  soon  as  crystals  of 
the  salt  begin  to  form,  the  solution  is  placed  in  a  specially-constructed 
vacuum  desiccator,  when,  after  some  time,  the  potassium  fluorplumb- 
ate separates  in  long,  needle-shaped  crystals.  In  this  way,  any  quan- 
tity of  the  pure  salt  may  be  obtained  Avithout  great  difficulty,  except 
the  disagreeable  work  entailed  in  operating  with  large  quantities  of 
warm  hydrofluoinc  acid,  especially  its  injurious  effect  on  the  eyes. 

3.  Theoretically  interesting  is  the  following  method  of  preparation, 
that  of  displacing  the  acetic  acid  in  lead  tetracetate  by  fluorine  ;  three 
molecular  proportions  of  potassium  hydrogen  fluoride,  KF,HF  (234- 3 

*  This  is  brown  when  the  fusion  takes  place  at  a  low  temperature,  and  yellow  at 
higher  temperatures.  In  the  latter  ease,  the  hard  yellow  melt  obtained  will  contain 
not  only  potassium  plumbate,  but  also  large  quantities  of  potassium  peroxide,  which 
dissolves  in  hydrofluoric  acid  with  liberation  of  oxygen.  At  the  same  time  an  in- 
soluble crystalline  substance  is  obtained  which,  judging  from  analogy,  is  most 
^rohaXAj  potassium  fluoroxi/perplumlate ;  the  latter  is  being  investigated. 
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parts),  are  dissolved  in  an  excess  of  hydrofluoric  acid,  and  one  of 
lead  tetracetate  (442*9  parts),  prepared  by  Jacquelain's  method,  is 
added ;  if  some  bivalent  lead  should  be  present,  the  difluoride  can  be 
easily  separated  by  filtration.  Crystals  of  potassium  fluorplumbate 
are  obtained  on  evaporating  the  solution,  either  in  the  air,  or  over 
sulphuric  acid  and  quicklime  in  a  vacuum  desiccator  so  constructed 
that  the  vapours  do  not  come  into  contact  with  glass. 

The  salt,  obtained  by  any  of  these  three  methods  has  the  composi- 
tion 3KF,HF,PbF4,  as  is  shown  by  the  analyses  made  in  tbe  follow- 
ing manner. 

The  salt  was  taken  out  of  the  mother  liquor,  which  contains  potas- 
sium hydrogen  fluoride,  if  there  is  any  excess  of  it  present ;  dried 
between  perfectly  dry  and  pure  filter  paper,  and  weighed  quantities 
decomposed  by  large  quantities  of  water  in  a  platinum  d'sh.  Some 
of  the  dioxide  formed  adheres  firmly  to  the  walls  of  the  dish,  and 
must  be  dried  and  weighed  with  it.  The  major  part  of  tlio  dioxide 
is  collected  on  a  tared  paper  filter,  previously  washed  with  hydro- 
fluoric acid,  and  placed  in  a  platinum  funnel.  As  the  dioxide  seemed  to 
contain  some  water,  even  after  continued  drying  at  105",  thus  giving- 
higher  results  for  the  lead,  an  aliquot  part  of  it  was  converted  into 
lead  oxide  by  heating  it  to  incipient  fusion.  In  the  filtrate  from  the 
dioxide,  the  fluorine  was  determined  as  calcium  fluoride,  and  in 
another  portion  the  potassium  was  determined  as  sulphate,  the  latter 
being  finally  heated  in  an  atmosphere  of  ammonium  carbonate ;  for 
this  purpose  the  carbonate  was  suspended  in  a  little 
platinum  tray,  a,  in  the  upper  part  of  the  crucible. 
This  method  has  the  advantage  that,  the  salt  does 
not  begin  to  evaporate  until  the  bottom  of  the  cru- 
cible has  become  red  hot,  so  that  the  red-hot  sulphate 
is  brought  into  contact  with  ammonia,  and  any  non- 
volatile impurities  in  the  carbonate  are  left  in  the 
little  tray. 

The  fluorine  was  also  determined  by  Penfield's  method,  but,  as  the 
lead  present  might  form  the  insoluble  sulphate,  which  would  probably 
inclose  some  of  the  original  salt  and  prevent  its  being  attacked,  15 
grams  of  powdered  quartz  and  50  c.c.  of  sulphuric  acid  Avere  used, 
and  the  digestion  continued,  not  merely  for  two  hours,  as  recom- 
mended by  Penfield,  but,  better,  from  the  morning  till  the  evening, 
and  then  left  over  night,  after  removing  the  lamp,  so  as  to  insure 
the  complete  expulsion  of  the  gas  from  the  developing  vessel.  The 
arrangement  of  the  apparatus  is  seen  from  the  adjoining  figure  (next 
page). 

A  and  A'  contain  sulphuric  acid,  and  B  potassium  hydroxide ;  C  is 
the  developing  flask,  standing  on  asbestos  cardboard  and  closed  with 

2  p  2 
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a  stopper  perforated  with  three  holes.  Through  the  first  passes  a 
funnel  bj  which  sulphuric  acid  is  poured  in,  and  by  which,  after- 
wards, air  is  passed  in ;  through  the  second,  the  tube  to  convey  the 
escaping  gas ;  through  the  third,  a  tube  of  thin  glass  containing 
mercury  in  the  sealed  lower  end,  into  which  a  thermometer  is 
plunged  ;  the  latter  is  thus  insured  against  corrosion,  and  must  not 
be  placed  in  a  separate  vessel  with  sulphui'ic  acid,  as  recommended 
by  Fresenius,   Penfield,  and  others.     D   is   a  perfectly  dry,   empty 


\J  -tube.  E  is  a  wide  test-tube,  closed  with  a  rubber  stopper  pierced 
with  three  holes  ;  through  the  one  hole  a  carefully-dried  tube  passes 
to  the  bottom  of  the  test-tube ;  through  the  second,  the  tube  which 
leads  the  air  away  ;  through  the  third  hole,  after  the  apparatus  has 
been  put  together,  mercury  is  first  poured  in,  and  then  a  solution 
of  potassium  chloride  (50  c.c.  of  water,  50  c.c.  of  alcohol,  2  grams 
of  KCl),  after  which  it  is  closed  by  a  glass  rod.  In  this  test-tube 
the  final  titration  is  done.  The  {J -tube  F  contains  water,  coloured 
by  neutral  litmus,  which,  however,  never  became  red,  and  the  tube 
at  its  other  extremity  leads  to  the  pump  Gr,  the  current  of  air  being 
regulated  by  two  pinchcocks.  This  form  of  apparatus  has  often 
proved  convenient  for  the  determination  of  fluorine. 

The  hydrogen  was  determined  by  heating  the  dry  salt,  after  it  had 
been  crushed  between  platinum  to  a  fine  powder,  with  a  large  excess 
of  sodium  carbonate,  and  collecting  the  water  in  a  weighed  chloride 
of  calcium  tube.  The  sodium  carbonate  should  be  prepared  just 
before  the  experiment  by  heating  sodium  hydrogen  carbonate  below 
its  melting  point. 

I.  0-3227  gram  of  the  salt  gave  0-1766  gram  of  K2SO4  =  24-57 

per  cent.  K,  and  0-1637  gram  PbOs  (=  43-93  per  cent.  Pb)  ; 

this  dioxide,  on  careful  heating,  yielded  0-14  gram  PbO  = 

43*41  per  cent.  Pb. 
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II.  0-7433  gram  gave  0-3758  gram  Pb02  (=  43*79  per  cent.  Pb) 
and  0-3233  gram  PbO  =  43-36  per  cent.  Pb.  From  the  filtrate 
0-4749  gram  CaFz  was  obtained  =  31-23  per  cent.  F.  (This 
method  always  gives  low  results.) 

III.  0-6101  gram  gave  0-3088  gram  Pb02  (=  43-84  per  cent.  Pb) 
and  0-26446  gram  PbO  =  4335  per  cent.  Pb.  From  the 
filtrate  0-3333  gram  K2SO4  was  obtained  =  24-53  per  cent.  K. 

IV.  0-5042  gram  treated  by  Penfield's  method,  with  quartz  and 
sulphuric  acid,  yielded  SiF4,  which,  from  a  solution  of  potas- 
sium chloride  in  alcohol  of  50  per  cent.,  liberated  hydrochloric 
acid,  requiring  28-0  c.c.  of  decinormal  ammonia  for  neutrali- 
sation =  0-1596  gram  F  =  31-65  per  cent.  F. 

V.  0-5869  gram  heated  with  sodium  carbonate,  gave  001 16  gram 
H2O  =  0-22  per  cent.  H. 


Calculated  for 
3KFHF-PbF4. 

Found. 

r 
I. 

24-57 

11. 

III. 
24-53 

IV. 

3K  . . . . 

117-42 

24-60 

Pb  . . . . 

206-9 

43-35 

43-41 

43-36 

43-35 

— 

8F  .... 

152-0 

31-84 

— 

31-23 

— 

31-65 

H 

1-0 

0-21 

— 

— 

— 

—       0 

0-22 
477-32 

The  analysis  shows  that  the  substance  contains  no  oxygen.  The 
crystallographic  examination  was,  in  so  far,  of  theoretical  interest, 
as  Marignac  has  described  a  perfectly  analogous  compound  of  quad- 
rivalent tin,  namely,  3KF,HF,SnF4  (see  Gmelin- Kraut's  Handbuch), 
for  it  shows  that  both  substances  are  isomorphous. 

Professor  Ch.  Vrba,  of  our  University,  gives  the  following  ac- 
count : — "  The  needle-shaped  crystals  have  a  thickness  of  about 
1/3  mm.  and  a  length  of  up  to  10  mm. ;  they  are  generally  grouped 
radially.  The  faces  of  the  prisms,  as  well  as  those  of  the  pyramids, 
are  uneven,  convex,  striated,  and  corroded ;  the  connection  of  the 
zones  is  loose.  Most  of  the  faces  give  hardly  any  reflection  of  the 
slit,  but  usually  an  indistinct  glimmer  ;  if  signal  images  are  reflected, 
they  are  indistinct,  scattered,  and  feeble.  The  results  of  the  measure- 
ments are  so  uncertain  that  no  definite  conclusion  can  be  drawn  from 
them  as  regards  the  symmetry  of  the  crystals,  and  no  better  results 
were  obtained  on  examining  the  crystals  optically.  From  the  values 
of  the  angles  obtained,  however,  it  seems  highly  probable  that  the 
fonn  of  the  salt  is  similar  to  that  of  the  analogous  fluorstannate 
obtained  and  measured  by  Marignac." 

Assuming  the  monocliuic  symmetry  for  the  fluorplumbate,  as  has 
been  assumed  by  Marignac  for  the  fluorstannate,  and  founding  the 
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calculation  upon  the  most  trustworthy  values  of  the  angles  (which 
iu  the  following  table  are  marked  with  an  asterisk)  the  elements  are 
approximatiyely  the  following. 

a:h:c=     0-6223  :  1  :  0-4818  and 
^  =  86°  41'. 

■  The  forms  observed  are  :  m  (110)  ooP  ;  h  (010)  oo^co  ;  ^  (111)  —  P  ; 
77-(lli)P;  the  same  forms  have  been  observed  by  Marignac  upon 
the  fluorstannate,  and  in  addition  to  them  c  (001)  OP  was  found  by 
him.  The  angles  calculated  from  the  above  axial  relations  for  the 
normals  of  the  planes  are  given  below,  together  with  the  inclinations 
observed ;  Marignac's  values  of  the  analogous  fluorstannate,  are  ap- 
pended for  comparison. 


Mavignac  for 

Calculated. 

Found. 

3KF-HF-SnF4. 

m  (110) 

:m'{llO)    . 

.     63°  42' 

63°  39' 

64°      8' 

:    h    (010)     . 

— 

*58      9 

57      54 

P    (111)    . 

— 

*46      7 

— 

P  (111)  : 

P'  (111)    . 

— 

*40    37 

40      49 

b  (010)  . 

.     69    41' 

69    45 

— 

.r(ni): 

TT'dll)     . 

.     42    45 

41    15 

43      12 

b  (010)  . 

.     68    37 

69    31 

— 

The  salt  is  stable  in  dry  air  but  turns  brown  in  moist  air,  being 
decomposed  by  water  in  the  following  manner. 

3KF,Hr,PbP4  +  nU^O  =  Pb02(H20  ?)  +  3KF,HF  +  2HF 

+  (n-  3)H20. 

The  water  must  be  present  in  excess,  however,  as  the  hydrated 
dioxide  would  otherwise  remain  dissolved,  being  soluble  in  a  con- 
centrated solution  of  potassium  hydrogen  fluoride,  although  the 
anhydrous  dioxide  is  insoluble  in  it  and  in  hydrofluoric  acid ;  conse- 
quently decomposition  does  not  take  place,  or  only  partially,  in 
presence  of  a  small  quantity  of  water. 

The  following  experiment  shows  that  1  mol.  of  the  salt,  after  de- 
composition by  water,  yields  5  mols.  of  free  HF,  corresponding  to 
5  atoms  F  of  PbFi  and  HF. 

0*512  gram  was  decomposed  by  water,  and  the  filtrate  required  for 
neutralisation  53*2  c.c.  of  decinormal  sodium  hydroxide,  correspond- 
ing to  20-77  per  cent.  HF,  instead  of  the  calculated  quantity  of 
20-95  per  cent.  HF. 

The  weight  of  the  salt  remained  absolutely  constant,  even  when 
heated  at  100 — 110°  for  many  hours  ;  at  200°,  hydrogen  fluoride 
began  to  escape,  the  loss  amounting  to  1*72  per  cent. ;  and  after  heating 
at  250°  for  four  hours  more,  the  loss  was  5*43  per  cent.,  showing  that 
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some  fluorine  was  given  off  (r24  per  cent,  of  the  total  available  quantity 
of  796  pel-  cent,  of  fluorine). 

In  order  to  study  the  behaviour  of  the  salt  at  a  higher  temperature, 
some  of  the  salt  was  placed  in  a  small  platinum  tube,  closed  at  one 
end,  and  dried  for  several  hours  at  2.30 — 250°  ;  the  middle  of  the  tube 
was  then  surrounded  with  asbestos  cardboard,  and  heated  carefully 
with  a  Bunsen.  Long  before  the  tube  became  red  hot,  a  gas  began 
to  be  evolved,  having  the  characteristic  odour  of  fluorine,  and  crystals 
of  iodine  were  liberated  in  large  quantity  from  a  strip  of  iodine- 
starch  paper  held  in  the  gas  at  tlie  exit.  Fumes  of  hydrofluoric  acid 
issued  from  the  nose  after  inhaling  and  exhaling  the  gas. 

Some  small  ciystals  of  silicon  were  placed  in  the  open  end  of  the 
tube,  and  when  the  closed  end  of  the  tube  was  heated,  the  silicon 
burned  with  vivid  incandescence,  and  even  with  explosive  violence 
{Moissan'.s  test  for  fluorine).  The  residue  is  white,  or  sometimes 
slightly  yellow,  and  consists  of  a  mixture  of  lead  difluoride  with 
potassium  fluoride,  when  the  heating  takes  place  in  a  closed  tube 
without  access  of  moisture.  When,  however,  the  salt  is  heated  in  the 
open  air — on  a  platinum  basin,  for  example — a  brown,  deliquescent 
residue  is  left. 

This  experiment,  which  was  repeated  several  times,  confirms  the 
accuracy  of  the  results  obtained  by  me  13  years  ago,  when  it  was 
g^enerally  believed  that  fluorine  could  not  exist  in  the  free  state. 
Although  Mdissan  has  since  then  obtained  fluorine  by  a  physical 
method,  we  have  here  the  first  trustworthy  c^ewi'caZ  process  of  obtain- 
ing this  gas.  If  potassium  fluorplumbate  loses  its  hydrogen  fluoride, 
say  at  230°,  without  losing  more  than  traces  of  fluorine,  1  gram  of  the 
.salt  should  yield,  on  heating,  47  c.c.  of  fluorine  ;  the  fluorine  could 
be  freed  from  any  hydrogen  fluoride  by  passing  it  over  potassium 
fluoride  (Moissan). 

If  the  sodium  salt  which  is  now  being  investigated  by  me  is,  like 
the  potassium  salt,  analogous  in  composition  to  Marignac's  sodium 
fluorstannate,  2NaF,SnF4,  it  would  give  fluorine  at  once,  without  its 
being  necessary  previously  to  drive  off  hydrogen  fluoride.    • 

Qualitative  experiments  have  shown  that  a  whole  series  oi  fluor- 
plumhates  exists,  the  metals  forming  them  being  the  same  as  those  in 
Marignac's  series  of  fluorstannates . 

Fluorpluvibic  acid  and  Lead  Tetrafluoride. 

A  solution  of  fluorplumhic  acid  is  obtained  on  dissolving  lead  tetra- 
acetate in  strong  hydrofluoric  acid,  acetic  acid  being  liberated,  for  on 
adding  soluble  fluorides  to  this  solution,  it  gives  the  corresponding 
tiuorplumbates.      This   solution,    however,  cannot  be   evaporated   to 
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dryness,  even  at  the  ordinary  temperature,  a  crust  of  the  brown  lead 
dioxide  being  deposited  on  the  upper  part  of  the  platinum  vessel. 

In  order  to  prepare  anhydrous  lead  tetrafluoride,  potassium  fluor- 
plumbate  was  reduced  to  fine  powder  in  a  platinum  dish,  using  a 
pestle  coated  with  platinum  foil ;  a  dry  agate  mortar  cannot  be  used, 
as  it  is  attacked  by  the  dry  salt,  which  becomes  brown  : 

4(3KP,HF,PbP4)  +  SiO,  =  SiFi  +  2H2O, 

and  the  water  formed  at  once  decomposes  the  salt.  The  powdered  salt 
(0'874  gram)  was  then  thrown  on  to  the  surface  of  cold,  concentrated, 
sulphuric  acid  (5  c.c).  Hydrogen  fluoride  escapes  in  abundance,  and  a 
pale-yellow  solution  is  obtained,  having  the  same  characteristic  colour 
as  that  of  lead  tetrachloride.  Dense  fumes  soon  begin  to  come  off, 
iiaving  an  extremely  pungent  smell,  resembling  that  of  hypochlorous 
acid ;  they  seem  to  contain  some  gaseous  lead  tetrafluoride,  as  they 
have  a  taste  like  that  of  the  dust  of  potassium  fluorplumbate,  which 
escapes  into  the  air  on  powdering  it.  After  the  salt  has  completely 
dissolved  in  the  acid,  3KF,HF,PbF4  +  3H2SO4  =4HF  +  3KHSO4  + 
PbF4,  the  clear,  yellow  liquid  begins  to  get  turbid,  and  after  half  an 
hoar  or  so  it  is  converted  into  a  thick,  lemon-yellow  jelly.  From  this 
emulsion,  which  probably  contains  the  colloidal  modification  of  lead 
tetrafluoride,  the  latter  cannot  be  separated  at  the  ordinary  tempera- 
tui"e.  On  heating  the  mass  to  100 — 110°,  some  hydrofluoric  acid 
escapes,  and  a  heavy,  lemon-yellow  powder  is  deposited  on  the  bottom 
of  the  crucible,  this  in  all  probability  being  the  third  modification  of 
lead  tetrafluoride.  In  the  experiment  described,  the  sulphuric  acid 
could  be  easily  poured  off  from  the  yellow  pi^ecipitate,  and  it  is  re- 
markable that  it  did  not  contain  any  lead  in  solution,  for  it  gave 
neither  a  turbidity  of  lead  sulphate  with  water,  nor  any  precipitate 
with  excess  of  aqueous  hydrogen  sulphide. 

After  pouring  off  the  first  sulphuric  solution  of  potassium  hydro- 
gen sulphate,  it  was  replaced  by  fresh  sulphuric  acid,  stirred  with  a 
platinum  rod,  and  heated  again  at  100^  for  a  day  or  two  ;  no  change 
took  place.  After  pouring  off  this  acid,  which  was  also  free  from 
lead,  fresh  acid  was  added  to  wash  away  any  potassium  hydrogen 
fluoride.  On  heating  now  for  some  time  at  115°  complete  decom- 
position took  place,  and  a  white  mass  of  pure  lead  sulphate  was  left 
at  the  bottom  of  the  sulphuric  acid  in  the  crucible. 

On  repeating  the  experiment  with  about  1'5  gram  of  the  fluor- 
plumbate and  20  c.c.  of  sulphuric  acid,  complete  solution  took  place, 
and  an  extremely  strong  "  hypochlorous  "  smell  was  evolved,  together 
with  dense  fumes,  but  nothing  separated  from  the  clear  yellow  liquid 
after  24  hours  at  the  ordinary  temperature.  On  heating  this  solution 
on  a  water  bath  for  two  days,  a  yellow  substance  began  to  fall  to  th& 
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bottom  of  the  crucible,  and  hard,  crystalline,  yellow  crusts  were  de- 
posited on  the  walls  of  the  crucible  above  the  level  of  the  liquid.  The 
greater  part  of  the  tetrafluoride  remained  in  solution,  for,  on  adding' 
water,  it  was  decomposed  with  separation  of  brown  hydrated  lead 
dioxide,  the  hydrofluoric  acid  remaining  in  the  solution;  the  yellow 
substance  is  decomposed  in  the  same  way,  in  accordance  with  the 
equation  PbFi  +  SH^O  =  PbO^.H^O  +  4HF. 

I  have  not  yet  been  able  to  isolate  lead  tetrafluoride,  in  spite  of 
numerous  attempts,  as  no  liquid  could  be  found  which  would  displace 
the  sulphuric  acid  without  at  the  same  time  decomposing  the  tetra- 
fluoride. Plates  of  planter  of  Paris,  previously  dried  or  very  old, 
absorb  the  greater  part  of  the  acid,  but  not  all,  and,  after  some  time, 
decomposition  takes  place,  and  the  bTown  dioxide  is  formed.  Hydro- 
fluoric acid  dissolves  it  only  partly,  and  the  liquid  contains  fluor- 
plumbic  acid  which  liberates  iodine  from  potassium  iodide,  &c.  At 
the  same  time  the  greater  part  of  the  original  substance  remains  un- 
dissolved, and  assumes  a  paler  sulphur-yellow  colour. 

On  comparing  the  properties  of  the  incompletely  studied  tetra- 
fluoride with  those  of  lead  tetrachloride,  which  I  often  had  an  oppor- 
tunity of  observing,  as  it  was  discovered  by  Friedrich  in  this  laboratory, 
it  will  be  seen  that  both  substances  are  set  free  from  their  double 
salts  by  strong  sulphuric  acid  without  being  decomposed  by  it,  but 
the  tetrafluoride  seems  to  me  to  be  the  less  stable  of  the  two ;  more- 
over the  tetrachloride  is  a  liquid,  whilst  the  tetrafluoride  seems  to 
exist  in  several  allotropic  modifications.  All  these,  as  well  as  other 
questions,  e.g.,  the  action  of  anhydrous  hydrogen  fluoride  on  lead 
tetracetate,  will  require  careful  examination. 

It  is,  perhaps,  unnecessary  to  point  out  that  the  existence  of  the 
substances  described  in  the  present  paper  gives  additional  confirma- 
tion to  the  position  which  lead  occupies  in  MendeleefE's  periodic 
system.  Thirty  years  ago  hardly  anyone  could  have  predicted  that 
lead  would  form  compounds  analogous  to  those  of  carbon,  silicon, 
cerium,  &c. 

I  hope  my  English  colleagues  will  pardon  me  for  thus  laying  before 
them  an  account  of  results  which  I  myself  regard,  in  some  points,  as 
very  imperfect  and  incomplete  ;  but  I  must  urge,  in  excuse,  the  con- 
sideration that  this  difficult  and  delicate  work  had  to  bo  done  without 
any  assistance  and  during  the  time  which  could  be  snatched  from  the 
little  leisure  afforded  by  numerous  official  duties. 

Note  on  the  Density  of  Fluorine. — Ever  since  I  first  became  ac- 
quainted with  some  of  the  properties  of  free  fluorine,  I  have  been 
struck  by  its  unusually  great  affinity  for  many  other  elements,  and  I 
came  to  the  conviction  that  the  gas  may  probably  contain  not  only 
molecules  Fj,  but  possibly  also  free  atoms  Fi,  just  as  has  been  found 
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in  the  ease  of  another  halogen,  iodine,  at  high  temperatures,  by 
Victor  Meyer,  and  by  Ci'affts. 

This  conviction  was  still  more  firmly  established  when  Moissan's 
classical  research  became  known,  for  Moissan  has  found  by  the  most 
careful  determinations  the  following  numbers  as  the  density  of  free 
fluorine  at  noi*mal  temperature  and  pressure.  I).  =  1*264,  1'262, 
1-265,  and  1-270  (Ann.  Chim.  Phys.,  [6],  25,  131).  He  could  nob 
explain  the  disci'epancy  of  these  values  from  the  theoretical  value 
d  =  1-3165  (F  =  19-05). 

On  calculating,  on  the  above  assumption,  the  degree  of  dissociation 

by  Naumann's  formula,  p  = jl )  i^  which  d  =  1*3165  and 

D  =  1-265,  we  obtain  p.=  4-07,  that  is,  free  fluorine  contains  for 
96  mols.  of  F2,  8  atoms  of  F,. 

It  is  probable  that  at  a  higher  temperature,  at  which  even  platinum 
is  attacked,  the  degree  of  dissociation  will  be  found  to  be  greater. 


XXXVII. — The  Magnetic  Rotations  of  some  of  the 
Derivatives  of  Fatty  Acids  containing  Halogens, 
also  of  Acetic  and  Propiojiic  acids,  Phosgene  and 
Ethylic  Cai-honate. 

By  W.  H.  Perkin,  Ph.D.,  F.R.S. 

When  an  atom  of  hydrogen  in  a  paraffin  higher  in  the  series  than 
ethane  is  displaced  by  chlorine,  bromine,  or  iodine,  so  as  to  form  a 
haloid  compound  of  an  alcohol  radical,  the  magnetic  rotation  is  in- 
creased, apparently  in  all  cases,  to  the  same  extent  for  each  element 
introduced,  namely,  1-4/9  for  chlorine,  3-308  for  bromine,  and  7-503 
for  iodine.  This,  however,  is  not  true  for  all  monhalogen  displace- 
ments in  carbon  compounds,  nor  is  the  increase  in  the  rotation  the 
same  for  successive  displacements.  Attention  was  especially  drawn 
to  this  in  one  of  my  early  papers,  in  reference  to  methylene  chloride, 
chloroform,  and  carbon  tetrachloride,  also  to  some  analogous  bromine 
compounds,  methylic,  and  methylenic  iodides,  &c.  (Trans.,  1884,  45, 
565,  666 — 568).  The  influence  of  these  displacements  on  the  rotation 
also  varies  with  the  nature  of  the  compound  in  which  it  takes  place  ; 
thus,  chlorine  has  a  smaller  effect  when  displacing  hydrogen  in  alde- 
hyde, or  in  male'ic  and  fumaric  acids,  &c.,  than  in  the  paraffins. 

To  obtain  farther  facts  in  connection  with  this  subject,  I  was 
induced,  some  time  since,  to  undertake  the  determination  of  the  mag- 
netic rotations  of  the  chlorine,  bromine,  and  iodine   derivatives  of 
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acetic  and  other  fatty  acids.  This  was  an  interesting  subject  in 
many  respects,  and  especially  as  the  physical  properties  of  these  acids 
have  been  found  to  differ  so  materially  with  each  increase  in  the 
hydrogen  atoms  displaced.  This  is  seen  even  in  the  thermal  effects 
produced  by  bringing  them,  when  in  the  liquid  condition,  into  contact 
with  water,  it  being  well  known  that  acetic  acid,  under  these  circum- 
stances, causes  a  considerable  lowering  of  temperature,  wliilst  tri- 
chloracetic acid  acts  in  the  opposite  manner,  the  behaviour  of  the 
intermediate  acids  showing  that  the  amount  of  this  change  varies 
with  the  number  of  displacements.  The  most  interesting  alteration 
in  the  properties  of  the  fatty  acids  by  successive  displacements,  how- 
ever, is  that  which  i-elates  to  the  change  of  electrical  conductivity  of 
their  aqueous  solutions.  This  made  the  examination  of  their  magnetic 
rotations,  both  in  the  dry  state  and  when  associated  with  water,  a 
subject  of  considerable  interest. 

There  were  two  reasons  for  examining  acetic  and  propionic  acids  : 
first,  because  it  is  believed  that  under  ordinary  conditions  these  com- 
pounds consist  of  aggregates  of  molecules,  and  that  the  physical 
structure  of  acetic  acid  becomes  simplified  when  it  is  heated,  whilst 
that  of  propionic  acid  undergoes  little  or  no  change  ;  therefore,  by 
examining  these  substances  side  by  side,  they  should  behave  differ- 
ently if  this  kind  of  association  atlected  the  magnetic  rotation — and 
secondly,  to  obtain  the  coefficient  for  the  change  which  always  takes 
place  in  the  rotation  of  a  carbon  compound  when  heated,  so  that  it 
might  be  applied  to  the  rotations  of  the  chlorinated  and  brominated 
acids  which  have  to  bo  determined  in  the  fused  state  at  somewhat 
high  temperatures,  and  thus  to  correct  them  to  ordinary  tempera- 
tures so  that  they  might  be  compared  ;  such  corrections  would  be  but 
small,  and  it  is  quite  likely  that  these  acids  and  their  halogen  deriva- 
tives would  have  very  similar  coefficients. 

Phosgene,  being  the  chloride  of  a  chlorinated  fatty  acid  (chloro- 
formic  acid),  it  was  thought  desirable  to  give  the  results  of  its 
examination  in  this  paper,  and  as  ethylic  chloroformate  stands  between 
phosgene  and  ethylic  carbonate,  it  was  necessary,  for  the  purposes  of 
comparison,  to  add  the  rotation  of  this  substance  also. 

To  simplify  the  consideration  of  the  results  obtained  in  this  in- 
vestigation, the  particulars  of  the  experimental  work  are  given  at  the 
end  of  the  paper.  It  will  also  be  most  convenient  first  to  consider 
the  rotatians  of  the  substances  last  named  in  the  title  of  this  paper. 

Acetic  and  Propionic  acids. 

The  following  results  were  obtained  on  measuring  the  rotations  of 
these  acids  at  temperatures  wide  apart. 
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Acetic  acid.  Propionic  acid. 


t.  Mol.  rotation.  t.  Mol.  rotation. 

21-0°  2-525  20-3°  3-462 

86-0  2-493  89-5  3-434 

Diff.  for. .      65-0  0-032  69-2  0-028 

Diff.  for. .    100-0  0-049  1000  0-040 

It  is  thus  seen  that  the  influence  of  change  of  temperature  is  very 
small  with  these  acids,  the  rotations  of  few  other  carbon  compounds 
being  so  little  reduced.  If  a  breaking  down  of  molecular  complexity 
affected  the  rotations,  it  would  have  been  expected  that  a  larger 
reduction  than  usual  would  have  taken  place,  and,  moreover,  that 
these  two  acids  would  have  given  dissimilar  results,  whereas  they  are 
very  similar.  It  would  therefore  appear  that  the  kind  of  association 
of  molecules  which  the  experiments  of  Ramsay  and  Shields  refer  to 
do  not  influence  magnetic  rotations. 


Phosgene,  Ethylic  Chloroformate,  and  JEthylic  Carbonate. 

To  find  the  influence  the  chlorine  in  phosgene  exerts  on  its  mag- 
netic rotation,  it  is  necessary  to  estimate  that  of  carbonyl.  Calculat- 
ing it  from  its  constituents  it  is  0-776.  This  is  not  very  dilferent 
from  that  found  by  subtracting  from  the  rotation  of  an  aldehyde  that 
of  a  paraffin  containing  1  atom  of  carbon  less  ;  for  example,  oenanth- 
aldehyde  minus  hexane  (7-422 — 6-670)  gives  0'752.  But  if  a  ketone 
be  taken  instead  of  an  aldehyde,  a  rather  larger  value  for  carbonyl 
is  obtained ;  thus  methylhexylketone  minus  heptane  (8-519 — 7-669) 
gives  0-850.  From  considerations  respecting  the  rotations  of  acetyl 
chloride  and  ethylic  chloroformate,  it  appears  likely  that  in  this  com- 
pound the  higher  value  is  most  probably  the  correct  one.  If  this  be 
so,  by  subtracting  this  from  the  rotation  of  phosgene,  a  value,  or 
apparent  value,  for  the  two  chlorines  will  be  obtained,  thus — 

Mol.  rotation  of  phosgene 4-093 

„  carbonyl  (calc.) 0-850 

CI2 3-153 

Reo-arding  phosgene  as  the  chloride  of  chloroformyl,  its  action  on 
alcohol  will  be  analogous  to  that  of  an  acid  chloride,  such  as  acetyl 
chloride,  and  the  chlorine  removed  in  this  reaction  would  be  expected 
to  have  a  somewhat  similar  value  to  that  in  the  latter  compound. 
Now  a  comparison  of  the  rotations  of  ethylic  chloroformate  with 
ethylic  formate  will  give  data  respecting  the  second  atom  of  chlorine 
in  phosgene,  thus — 
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Mol.  rotation  of  ethylic  chloroformate.     4*769 
„  ethylic  formate 3"564 

CI.  disp.  H 1-205 

H.., 0-254 

CI 1-459 

If  to  this  the  value  of  chlorine  in  acetyl  chloride  (1-669)  be  added, 
3"128  is  obtained  for  the  two  chlorines  in  phosgene,  which  is  very 
close  to  that  estimated  above  on  the  assumption  that  the  carbonyl  in 
this  substance  has  the  value  0'850.  If  this  way  of  estimating  the 
rotation  of  chlorine  in  phosgene  be  correct,  it  seems  to  follow  that  its 
two  chlorine  atoms  exert  different  influences  on  its  rotation,  as  is 
found  to  be  the  case  in  successive  displacements  of  hydrogen  in 
methane,  &c. 

The  interest  attaching  to  ethylic  carbonate  in  relation  to  the  fore- 
going is  that  it  is  related  to  ethylic  chloroformate  in  the  same  way  as 
this  is  related  to  phosgene,  and  it  is  therefore  useful  in  considering 
the  effects  due  to  the  displacements  of  the  chlorine  of  phosgene  by 
ethoxyl,  as  will  be  seen  from  the  following  comparisons — 

Mol.  rotation  of  ethylic  carbonate     5"481^^.H,p 
„    .         ethylic  chloroformate     4-769 < 

phosgene 4-003  >  ^' -^^^ 

These  differences  for  the  displacements  of  chlorine  by  ethoxyl  are 
interesting,  as  they  vary  in  the  same  order  as  the  chlorines  in 
phosgene  seem  to  do,  the  second  producing  a  greater  effect  than  the 
first. 

Chlorine  and  Bromine  Derivatives  of  Acetic  acid  and  their  Ethylic  salts. 

The  following  is  a  comparison  of  the  results  obtained  with  the 
chlorinated  and  brominated  acids  in  the  dry  state,  and  in  aqueous 
solution.  Several  of  the  acids  being  solid  at  ordinary  temperatures 
were  examined  in  the  fused  state,  and  therefore  at  somewhat  high 
temperatures  ;  in  these  instances,  the  small  change  of  rotation 
due  to  this  has  been  estimated  from  the  coefficient  of  acetic  acid  and 
added. 

Chloracetic  acid  (fused)  ,...;...  3892  "1      ^  ^^q 

„     (sol.) 3-884 /-^"^^^        - 

Dichloracetic  acid 5-304  1      ^  -.g, 

„    (sol.) 5-283/""'"'^^ 

Trichloracetic  acid  (fused) 6-444')      ^»^^ 

„      (sol.) 6-473/  +^""-^ 
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Bromacetic  acid  (fused) 5621 1       n  ,^Ar. 

/     1  ^  K  kqW  —0-040 

„  „     (sol.) 5-581 J 

Dibromacetic  acid  (sol.) 8'738 

Tribromacetic  acid  (sol.  in  EtBz)  12*146  1    ,  rin^Q 

„     (sol.) 12-155  /  "^^'^"^ 

From  this  it  is  seen  that  the  differences  are  so  small  that  the  acids, 
both  in  the  dry  state  and  in  aqueous  solution,  may  be  said  to  have  the 
same  rotations ;  in  fact,  if  averaged,  the  differences  nearly  neutralise 
each  other,  showing  that  the  rotations  of  the  aqueous  solutions  repre- 
sent them  as  composed  simply  of  acid  and  water.  It  may  be  considered 
that  the  small  amount  of  water  employed  in  these  experiments  is  not 
suflQcient  to  indicate  any  change,  but  it  must  be  remembered  tbat  the 
cases  in  wbich  I  have  found  the  rotations  of  compounds  most 
rapidly  influenced  by  the  addition  of  water  have  been  those  of  very 
strong  solutions. 

The  effect  of  etherification  on  tbe  rotation  of  these  acids  is  remark- 
able, because  it  Avould  have  been  expected  that  the  increase  of  rota- 
tion, due  to  the  displacement  of  hydrogen  by  ethyl  in  the  COOH 
group,  would  have  been  the  same  for  all  these  compounds  as  for  acetic 
acid,  instead  of  which,  it  varies,  thus — 

Diff.  for  CoHs       Consecutive 
disp.  H  in  COOH.         diffs. 

Ethylic  acetate 4-462 1  -.  .0017 , 

Acetic  acid 2-525  J  I -f  0021 

Ethylic  cbloracetate 5-846  "1  -,  .qko  J 

Chloracetic  acid 3-888  /  l  4.  onr2 


Ethylic  dichloracetate. . . .  7-313  "1  p.Aon  J 

Dichloracetic  acid 5-293  J  1    1  n-m  a 

Ethylic  trichloracetate. . .  8-4941  o-AQfiJ 

Trichloracetic  acid 6-458  / 

Ethylic  acetate 4-462  "1  -,  .qq^ , 

Acetic  acid 2-525  J  '       I -f- 0-071 

Ethylic  bromacetate 7-609  1  o-aaq  J 

Bromacetic  acid 5-601  J  [  __a.a-|4 


Ethylic  dibromacetate. . . .  10-732  1  -.  .qqj  . 

Dibromacetic  acid 8738  /             I  a.  a.  1 7« 

Ethylic  tribromacetate  ...  14-.3201  2-170 J 

Tribromacetic  acid 12-150  J 

From  this  table  it  is  seen  that  the  differences  between  the  acids 
and  ethereal  salts  increases  slightly  with  the  amount  of  halogen,  being 
rather  greater  in  the  brominated  derivatives  (except  in  the  case  of 
the  dibromo-compound,  which  is  practically  the  same  as  the  mono- 
bromo-compound).      In   the  case  of  propionic  acid  and  its  higher 
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homologuesjtbe  variation  between  the  acids  and  ethereal  salts  is  20  ; 
this  is  close  to  the  numbers  obtained  in  the  case  of  dichlor-,  brom-, 
and  dibromacetic  compounds. 

The  following  table  shows  the  changes  of  rotation  which  acetic  acid 
and  its  ethereal  salt  undergo  by  the  displacement  of  hydrogen  by 
chlorine. 

Diff .  for  CI 
Mol.  rotation.  disp.  H. 

Acetic  acid 2'525\  ,  .o^q 

Chloracetic  acid 8*888  , 


;  1-405 


Dichloracetic  acid 5*293 

Trichloracetic  acid 6-458  J  ^'^^^ 

Ethylic  acetate 4-462  ^  ,  ,nQA 

Ethylic  chloracetate 5*846, 

Ethylic  dichloracetate 7-313  ^  ^'^^^ 

Ethylic  trichloracetate 8-4941  ^"^^^ 

The  differences  are  very  analogous  for  the  acids  and  for  the  ethereal 
salts  ;  they  could  not,  however,  be  exactly  thei  same,  on  account  of  the 
variations  in  rotation  due  to  etherification,  just  referred  to. 

The  following  are  the  results  obtained  with  acetic  acid,  its  ethereal 
salt,  and  their  brominated  derivatives. 

Diff.  for  Br 
Mol.  rotation.         disp.  H. 

Acetic  acid. 2-525 1  9-n7fi 

Bromacetic  acid 5-601 1 

Dibromacetic  acid 8-738=| 

Tribromacetic  acid 12-152J'  ^'^^^ 

Ethylic  acetate 4'462\  '^•i.iv 


Ethylic  bromacetate 7-609 1 

Ethylic  dibromacetate 10-732 ( 


3-123 


Ethylic  tribromacctate. 14-320-'  ^'^^^ 

Here,  again,  the  differences  are  analogous,  although,  as  in  the  case 
of  the  chlorine  compounds,  they  cannot  be  identical,  on  account  of 
the  changes  in  the  rotation  which  take  place  on  etherification. 

There  is  one  striking  difference  between  the  rotations  of  the  chlor- 
inated and  brominated  compounds,  inasmuch  as  in  the  former  the 
third,  or  last,  displacement  gives  the  smallest  difference,  whereas,  in 
the  latter  it  is  the  largest.  As  this  occurs  both  with  the  acids  and 
with  the  ethereal  salts,  it  cannot  be  accidental  or  due  to  impurity  in 
the  products  examined ;  moreover,  1  have  previously  shoAvn  (Trans., 
1882,  41,  565)  that  consecutive  chlorine  and  bromine  displacements 
do  present  these  peculiarities,  and  the  following  comparisons  will 
show  how  far  these  are  consistent  with  the  above  results. 
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In  doing  this,  it  is  necessary  to  bear  in  mind  that  acetic  acid 
represents  methane  with  1  atom  of  hydrogen  displaced  by  COOH, 
therefoi'e  its  monhalogen  derivatives  correspond  to  di-displacements 
of  methane,  and  so  on  vs^ith  the  higher  compounds. 

Mol.  rotation.         CI  disp.  H. 

Methylene  chloride 4'313 1  -■  ,^Aa  ■. 

Chloroform 5-559 1         i.aoq  f  ^'223 

Carbon  tetrachloride 6*582  j 


Chloracetic  acid 3*888 1 


Dichloracetic  acid 5*293 1  t.tc^  (  ^'^^^ 

Trichloracetic  acid 6*458  j 

Methylic  bromide 4*644  "I  Q-4««  ^ 

Methylene  bromide. .......  8*110 1  o^.A  0-050 

Bromoform 11*626 }  '^'^^^  ^ 

Acetic  acid 2*5251  ^0761 

Bromacetic  acid 5*601 1  1 0*061 

Dibromacetic  acid 8*738  j 


From  this  table,  it  is  seen  how  closely  the  variations  between  the 
differences  agree,  although  the  latter  are  not  of  quite  equal  value. 

As  the  greatest  irregularity  in  the  rotations  of  the  bromo-com- 
pounds  was  found  in  the  tri- derivatives,  and  to  make  sure,  moreover, 
that  no  mistake  had  been  made  in  the  measurements,  a  considerable 
number  of  solutions  of  tribromacetic  acid,  in  water  and  in  ethylic 
benzoate,  were  examined ;  its  ethereal  salt  was  also  refractioned  and 
again  measured,  but,  as  will  be  seen  on  referring  to  the  experimental 
results,  the  numbers  agree  very  well. 

One  other  chloracetic  derivative  was  examined,  namely,  methylic 
cTiloracetate.     The  following  is  a  comparison  of  its  rotation  with  that 

of  chloracetic  acid. 

Mol.  rotation. 

Methylic  chloracetate 4*796  "1  rv.qno 

Chloracetic  acid 3*888  J 

Here,  again,  it  is  found  that  etherification  has  not  influenced  the 
rotation  in  the  same  way  as  acetic  acid,  but  yielded  a  higher  result, 
as  the  difference  between  the  rotation  of  methylic  acetate  and  acetic 
acid  is  0*837.     This  is,  therefore,  consistent  with  the  ethylic  salt. 

Ethylic  lodacetate. 

Only  one  iodine  displacement  derivative  of  ethylic  acetate  has  been 
examined,  as  endeavours  to  prepare  the  diiodo-compound  in  a  suffi- 
ciently pure  state  for  examination  failed.  The  ethylic  iodacetate 
gave  the  following  rotation,  which  is  compared  with  that  of  ethylic 
acetate. 
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Ethylic  iodacetate 11*649  "|^  7-l«7 


Mol.  rotation.      Iodine  disp.  H. 

_..._^ 11-649  "1 

Etliylic  acetate 4-462  j 

This  difference  for  iodine  displacing-  hydrogen  is  smaller  than  that 
found  in  iodoparaffins,  such  as  propylic  iodide,  where  it  is  7*503.  In 
this  respect,  this  compound  behaves  in  a  manner  analogous  to  the 
corresponding  chlorcf-  and  bromo-derivatives. 

It  was  thought  desirable  to  examine  some  of  the  halogen  deriva- 
tives of  the  fatty  acids  which  occupy  that  part  of  the  homologous 
series  where  regularity  of  magnetic  rotation  exists,  and  the  differences 
for  the  alteration  of  composition  for  each  rise  in  the  series  by  CHo  is 
1-023.  In  fact,  it  would  have  been  interesting  to  study  a  number  of 
the  consecutive  displacement  compounds  of  these  acids,  had  they 
been  easily  procurable  in  a  state  of  purity,  because  the  information 
obtained  would  no  doubt  have  been  applicable  to  the  whole  range  of 
fatty  acids  above  propionic. 

The  following  have  been  examined. 

Ethylic  a-cliloropropionate. 
Ethylic  trichlorolactate. 
aa/3-Trichlorbutyric  acid. 
Ethylic  aa/3-trichlorbutyrate, 
a-Bromopropionic  acid. 
Ethylic  a-bromopropionate. 
a-Bromobutyric  acid. 
Ethylic  a-bromobutyrate. 
Ethylic  a-bromisobutyrate. 

Ethylic  a-Chlorojpropionate,  CH3*CHChCOOC2H5. — The  following 
is   a   comparison    of    the    rotation    of   this    compound   with    ethyl 

propionate. 

01  disp.  H. 
Mol.  rotation  of  ethylic  a-chloropropionate     6-922  1       ,  . ,  ^^ 
,,  ethylic  propionate 5-452  J 

This  difference  is  larger  than  that  found  between  ethylic  chlor- 
acetate  and  acetate,  which  is  1-363,  but  it  is  about  the  same  as  that  be- 
tween ethylic  chloracetate  and  ethylic  dichloracetate,  and  it  must  be 
remembered  that  in  this  case  the  displacement  by  chlorine  is  not  in 
a  CH3,  but  in  a  CH2  group,  it  may,  in  fact,  be  regarded  as  a  di-dis- 
placement  derivative  of  acetic  acid,  or  a  tri-displacement  derivative 

cooaHs 

of  methane,  thus,   0/^,,  ^ 

\H 
Ethylic  Trichlorolactate,  CCl3-CH(OH)-COOC2H5.— This  compound 
was  examined  at  66-2°,  or  just  about  its  fusing  point,  therefore  the 

VOL,  LXV.  2    G 
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rotation  will  be  slightly  lower  than  it  would  be  at  atmospheric 
temperatures.  The  following  is  a  comparison  of  the  results  obtained 
with  this  substance  and  ethylic  lactate. 

Mol.  rotation  of  ethylic  trichlorolactate 9'531 

„  ethylic  lactate 5"709 

Clsdisp.  Ha '....      3/3-882 

Average  of  CI  disp.  H        1-277 

These  numbers  are  rather  lower  than  those  obtained  with  ethylic 
trichloracetate,  where  the  three  chlorines  displacing  hydrogen  amount 
to  4-032,  and  the  average  value  to  1-344. 

aajS-TrtcMorobutyric  acid,  CHs'CHChCClz'COOH. — This  acid  was 
examined  in  aqueous  solution.  The  following  is  a  comparison  of  its 
rotation  with  that  of  butyric  acid, 

Mol.  rotation  of  trichlorobutyric  acid 8-G49 

„  butyric  acid 4-472 

Clsdisp.  H3 3/4-177 

Average  of  CI  disp.  H,         1-392 

These  values  in  this  case  are  higher  than  those  obtained  with 
trichloracetic  acid,  but  the  products  are  not  comparable,  as  in 
trichlorobutyric  acid  the  chlorine  atoms  are  distributed  over  two 
carbon  groups.  The  values  found  for  this  acid  will  no  doubt  be 
found  applicable  to  aa/3-chlorine  compounds  of  all  the  acids  above 
propionic. 

Ethylic  dOL^-Trichlorohutyrate.  The  following  shows  the  effect  of 
etherification  on  the  rotation  of  trichlorobutyric  acid. 

Mol.  rotation  of  ethylic  trichlorobutyrate 10-664 

„  trichlorobutyric  acid 8-649 

Diff.  for  C2H5  disp.  H  in  COOH  . .        2-015 

The  effect  of  etherification  is  therefore  a  little  greater  than  that  m 
the  case  of  butyric  acid,  which  is  2-000,  and  also  near  to  that  of 
trichloracetic  acid,  which  is  2-036. 

a-Bromopropionic  and  a-Bromobutyric  acids  and  their  Ethereal  Salts. 
— As  propionic  and  butyric  acids  and  their  ethereal  salts  are  the  two 
first  members  of  the  regular  homologous  series,  the  examination  of 
these  a-bromo-derivatives  was  especially  interesting,  for,  as  they  are 
strictly  comparable  compounds,  their  rotations  should  differ  from 
I'ach  other  by  the  usual  amount  for  CHj,  namely,  1-023.  The 
following  is  a  comparison  of  their  rotations. 
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Mol.  rotation.     Diff.  for  CHo. 

a-Bromopropionic  acid 6" 799  ~)  i  -m  4. 

a-Bromobutyric  acid 7"813  j 

Ethylic  a-broniopropionate  . .      8 '8 72  "1  ,  ^^^^ 

Ethylic  a-bromobutyrate. .  . .      9"901  J 

Average 1'021 

This  result  is  quite  as  close  as  could  be  expected,  It  is  evident, 
therefore,  that  the  introduction  of  bromine  does  not  influence  this 
usual  value  for  CHj.  The  influence  of  bromine  occupying  the 
a-position  in  these  compounds  is  seen  in  the  following  table. 

Mol.  Bromine  disp. 

rotation.  hydrogen. 

a-Bromopropionio  acid 6799  1  Q-oQ7 

Propionic  acid 3462  J 

a-Bromobutyric  acid 7'813 1  q-Q/LI 

Butyric  acid 4-472  / 

Average   3-339 

Ethylic  a-bromopropionate  8-872  \  Q-4,9n 

,  Ethylic  propionate 5-452  J 

Ethylic  a-bromobutyrate . .  9-901  "I  q-aoa 

Ethylic  butyrate 6-477  J 

Average 3-422 

It  is  seen  that  in  the  acids  the  influence  of  the  bromine  displacing 
hydrogen  is  practically  the  same,  this  is  also  the  case  with  the 
ethereal  salts,  but  the  numbers  are  higher  by  0*083,  owing  to  the 
increase  of  rotation  on  etherifi cation,  as  will  be  seen  by  comparing 
the  rotations  of  the  acids  and  ethereal  salts. 

Mol,  CHj  disp. 

rotation.  H  in  COOH. 

Ethylic  a-bromopropionate     8-872 1  9-n7^ 

a-Bromopropionic  acid 6-799  J 

Ethylic  a-bromobutyrate. .      9-901 1  o-oqq 

a-Bromobutyric  acid 7-813  / 

Average 2*080 

From  this  it  is  evident  that  the  etherification  of  theee  acids  raises 
the  rotation  about  0-080  more  tihan  the  non-brominated  acids,  which 
increase  it  by  2-000  only. 

The  increase  in  rotation,  caused  by  the  displacement  of  hydrogen 
by  bromine  in  these  acids  and  ethereal  salts,  is  larger  than  that  of  a 
second  displacement  in  acetic  acid,  though  not  so  large  as  that  of 

2  G  2 
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a  third,  the  analogy  noticed  in  the  case  of  ethylic  a-chloropropionate 
is,  therefore,  not  so  distinct  in  these  instances. 

Ethylic  a-Isoh-ornohutyrate,  (CH3)2CBr'COOC2H5. — In  previous 
communications,  I  have  shown  that  the  zso-group  (CH3)2CH-  has 
the  property  of  increasing  the  magnetic  rotation  of  most  compounds 
containing  it  more  than  the  normal  propyl  group  does.  In  the  series 
of  the  fatty  acids,  this  increase  does  not  occur  until  it  is  associated 
with  a  CH2  group,  so  that,  although  it  is  found  in  isovaleric  acid,  it 
is  absent  in  isobutyric  acid ;  it  was  of  interest,  therefore,  to  see  if  the 
brominated  acid  behaved  in  the  same  manner,  as  it  might  be  expected 
to  do.  From  the  examination  of  its  ethereal  salt,  this  was  found  to 
be  the  case,  the  rotation  being  practically  the  same  as  with  the 
normal  isomer. 

Mol.  I'otation  of  ethylic  a-bromobutyrate 9 '901 

„  ethylic  a-isobromobutyrate. .  . .      9'879 

Ethylic  a-cklorocrotonate. — This  compound  was  examined,  in  order 
to  compare  a  halogen  derivative  of  an  unsaturated  with  a  saturated 
monobasic  acid.  The  etTect  of  displaoine:  an  atom  of  hydrogen  in  the 
a-position  in  ethylic  a-crotonate  is  as  follows. 

Mol,  rotation  of  ethylic  a-chlorocrotonate 8'892 

„  ethyliv;  a-crotonate   .  .  .    7'589 

CI  disp.  H 1-303 

This  difference  is  very  close  to  those  found  for  ethylic  chloro- 
fumarate  and  chloromaleate,  and  also  of  chlorofumaryl  chloride, 
all  of  which  are  very  similar,  and  average  1-283  (Trans.,  1888,  53, 
712).  This  indicates  that  the  displacements  are  of  a  similar  kind  ; 
the  following  comparisons  show  that  this  is  the  case. 

COOC2H5  COOC2H5 

C1-C:CH-CH3  Cl-C:CH-COOC2H5 

Ethylic  o-crotonate.  Ethylic  fumarate. 

The  rotations  of  ethylic  crotonate  and  butyrate  vary  by  1*112,  but 
in  the  case  of  the  chlorinated  derivatives  it  is  less,  thus — 

Mol.  rotation  of  ethylic  a-chlorocrotonate 8-892 

„  ethylic  a-chlorobutyrate 7-945 

0-947 

The  reason  of  this  is  intelligible  if  it  be  remembered  that  the  dis- 
placements by  the  halogen  are  not  comparable  in  both  compounds. 
In  ethylic  a-chloropropionate,  from  which  the  rotation  of  the  chloro- 
butyrate  is  calculated,  the  effect  of  the  displacement  on  the  rotation 
amounts  to  1-470,  whereas  in  ethylic  chlorocrotonate  it  is  only  1303; 
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The  ordinates  and  abscissoe  added  together  give  the  Mol.  Rotations,  except  in  the  case  of  the  Chlorine  and 
Bromine  compounds,  wliere  it  is  necessary  to  add  I'O  or  3'0  respectively,  as  seen  in  margin. 
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the  difference  of  these  numbers  is  0"167,  and,  if  this  be  added  to  0'947, 
it  gives  1"114,  which,  is  practically  the  same  as  is  found  to  exist 
between  the  non- chlorinated  compounds. 

In  one  of  my  papers  (Trans.,  1884,  45,  p.  548),  the  rotations  of 
the  fatty  acids  and  their  ethereal  salts  are  plotted  out,  showing  how 
differently  the  rotations  of  formic  and  acetic  acids  and  their  ethereal 
salts  are  related  when  compared  with  propionic  acid  and  the  higher 
members  of  the  homologous  series.  If  against  these  the  rotations  of 
the  raonohalogen  derivatives  of  these  acids  and  ethereal  salts  be  also 
plotted  out,  very  striking  differences  will  be  observed,  as  seen  in 
Fig.  1,  thus,  whilst  with  the  ethereal  salts  of  formic,  acetic,  and  pro- 
pionic acids,  the  curves  formed  by  connecting  the  points  fall  quickly 
to  ethylic  acetate,  and  then,  though  to  a  less  extent,  to  ethylic  pro- 
pionate, those  of  ethylic  chloroformate,  chloracetate,  and  chloropro- 
piouate  take  an  opposite  direction,  rising  in  a  straight  line.  Turning 
to  the  bromo-acids,  it  is  seen  that  the  line  between  bromacetic  and 
bromopropionic  acids  also  goes  in  an  opposite  direction  to  the  ordi- 
nary fatty  acids,  just  as  the  chlorinated  compounds  do,  but  to  a 
larger  extent,  whilst  between  a-bromopropionic  and  a-bromobutyric 
acids  the  line  takes  the  same  direction  as  propionic,  butyric,  and  other 
higher  members  of  the  homologous  series  of  the  fatty  acids,  showing,  as 
already  pointed  out,  the  usual  difference  of  1'023  for  each  variation 
in  composition  by  CH2.  The  corresponding  ethereal  salts  behave 
just  in  the  same  way,  and,  as  previously  mentioned,  there  is  no 
doubt  that  the  values  found  for  bromine,  when  displacing  hydrogen 
in  the  latter  bromo-acids  and  their  ethereal  salts,  will  apply  to  all 
the  higher  brominated  homologues.  This  also  will  be  found  to  be  the 
case  with  respect  to  the  value  found  for  chlorine  displacing  hydrogen 
in  ethylic  a-chloropropionate,  the  higher  members  taking  the  direc- 
tion of  the  dotted  line  on  the  fisrure. 

From  these  results  it  is  seen,  as  in  previous  determinations  made 
of  a  variety  of  substances  of  different  types,  that  the  halogens,  when 
displacing  hydrogen  in  carbon  compounds,  do  not  affect  the  rotations 
always  to  the  same  extent.  (Though  in  the  homologous  series, 
when  the  compounds  contain  more  than  C2,  mono-displacements 
have  a  constant  influence  on  the  rotation,  and  this  is  no  doubt 
true,  though  the  influence  may  not  be  the  same,  with  more  exten- 
sive displacements,  provided  they  are  strictly  comparable  as  to 
position.)  The  effects  these  displacements  have  on  the  rotations  may 
be  called  the  "  apparent "  values  of  the  halogens  when  displacing 
hydrogen,  because  there  can  be  no  doubt,  I  think,  that  there  are 
other  changes  affecting  the  rotations  besides  that  due  to  the  halogen 
introduced,  for  although  we  look  at  displacement  compounds  simply 
as  representatives  of  the  substance  from  which  they  are  derived,  this 
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view,  although  convenient,  is  probably  incorrect;  this  is  very  clearly 

seen  from  the  boiling  points  of   the  chlorine  derivatives  of  acetic 
acid  and  its  ethereal  salts.     Thus — 

Substance.                                    B.  p.  Di£F.  for  CI  disp.  H. 

Acetic  acid 118"3°  >  7n-7° 

Chloracetic  acid 1890°^  ^    , 

Dichloracetic  acid 194-2°|  ^'^^ 

Trichloracetic  acid 196-5° ->  '^'^° 

In  the  ethereal  salts,  a  similar  kind  of  difference  exists,  though  the 
numbers  are  not  the  same. 

Ethylic  acetate 77'5°-i  P,a--° 

Ethylic  chloracetate 144'0°{  taa° 

Ethylic  dichlomcetate 158-1° |  ^^'^ ^ 

Ethylic  trichloracetate 167-7° •>  ^'^^ 

The  boiling  points  of  the  ethylic  bromacetates  also  vary  in  a  simi- 
lar manner  in  reference  to  the  first  displacement,  but  somewhat 
differently  for  the  second  and  third.     Thus — 

DifE.  for  Br  disp.  H. 
Ethylic  acetate 77-5°  1  82-2" 


r  194-5°}  2^'^° 


^-|27-9° 
i.J 


Ethylic  bromacetate 168-7° 

Ethylic  dibromacetate  ...•s,^^^,,-'  „, 

•'  1 120-5" — 74  mm. 

Ethylic  tribromacetate. .  . .      148-4° — 74  mm. 

It  is  of  interest  also  to  notice  here  that,  even  in  displacements  by 
methyl,  analogous  kinds  of  difference  in  boiling  points  exist.  This  is 
seen  in  the  methyl  derivatives  of  carbinol.     Thus — 

DifP.  for  CH3  disp.  H. 

Carbinol 66-0°  |  -i- 1 2-  ^° 

Methylcarbinol 78-5°  <  ak^ 

Dimethylcarbinol 830°|  "^    ^'^^ 

Trimethylcarbinol 82-0°i  -   '^'^° 

If  these  substances  were  simply  representatives  of  the  products 
they  are  derived  from,  it  would  naturally  be  expected  that  the 
differences  in  boiling  point  would  be  equal,  or  if  they  varied,  that 
they  would  do  so  in  some  regular  manner.  In  fact  it  seems  scarcely 
reasonable  to  imagine  that  if  an  atom  of  hydrogen  contained  in  a 
molecule  of  a  substance  like  a  paraffin,  or  a  fatty  acid,  and  having  an 
atomic  weight  of  1,  be  displaced  by  an  atom  of  chlorine,  bromine,  or 
iodine,  with  atomic  weights  of  35*5,  80,  and  127  respectively,  that 
these  should  necessarily  occupy  the  exact  position  of  the  hydrogen 
which  has  been  removed,  and  not  rather  that  there  should  be  a  re- 
adjusting or  balancing  of  the  atoms  in  the  molecule.  If  changes  of 
this  kind  occur,  it  is    quite   conceivable  that  they   might  influence 
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the  rotation,  independently  of  the  effect  produced   by  the  halogen 
itself. 

This  is  rendered  probable  on  considering  some  of  the  alterations  in 
rotation  which  take  place  when  displacements  by  methyl  occur,  thus, 
taking  the  derivatives  of  carbinol  again  as  examples,  if  one  of  the 
atoms  of  hydrogen  in  this  compound  be  displaced  by  methyl,  so  as  to 
form  methylcarbinol  or  ethylic  alcohol,  a  rise  in  rotation  takes  place, 
which  is  considerably  larger  than  that  required  by  the  change  in  com- 
position ;  if  a  second  is  displaced,  so  as  to  form  dimethylcarbinol,  or 
isopropylic  alcohol,  a  still  larger  rise  is  obtained,  and  lastly,  if  a  third 
be  displaced  so  as  to  form  trimethylcarbinol  or  tertiary  butylic  alcohol, 
a  further  rise  is  obtained  beyond  that  required  for  the  change  in  com- 
position, though  not  quite  so  large  as  the  others.  It  is  interesting  to 
notice  that  these  alterations  in  rotation,  due  to  the  displacement  of 
hydrogen  by  methyl,  are  analogous  in  order  to  those  of  the  chlorine  dis- 
placements in  the  methyl  of  acetic  acid.  In  other  cases  a  curious  re- 
versal of  the  above  takes  place,  the  most  striking  example  being  that  of 
ethylic  dimethylmalonate,  where  the  rotation  is  about  0'2  lower  than  it 
should  be.  In  none  of  these  cases,  it  appears  to  me,  can  it  be  believed 
that  the  variations  are  due  to  any  modification  in  the  value  of  the  methyl 
group,  but  rather  that  its  introduction  has  caused  some  alteration  to 
take  place  in  the  internal  arrangement  of  the  molecules,  which  in  them- 
selves influence  the  rotations  in  these  remarkable  ways,  increasing 
or  reducing  them.  That  something  of  this  kind  does  occur  in  the 
chloro-  and  bromo-derivatives  of  acetic  and  other  fatty  acids,  is 
clearly  seen  from  the  fact  that  when  converted  into  their  ethereal 
salts,  a  larger  difference  of  rotation  occurs  for  the  change  of  com- 
position than  when  the  non-halogenised  acids  are  etherified,  making 
the  values  of  the  halogens  in  the  ethereal  salts  appear  larger  than  in 
the  acids,  as  was  seen  on  comparing  some  of  these  products  in  the 
earlier  part  of  this  paper  (pp.  407,  411). 

Ever  since  I  have  studied  the  subject  of  magnetic  rotations,  I  have 
shown  that  the  results  are  not  simply  additive,  but  that  each  series 
has  a  special  constant  of  its  own,  which  I  have  called  the  "  series  con- 
stant," and  it  is  this  peculiarity  that  not  only  invests  the  subject  with 
special  interest,  and  increases  its  usefulness,  but  is  at  the  same  time 
deserving  of  careful  study. 

In  the  following  table,  a  list  is  given  of  the  "  apparent  "  values  of 
chlorine,  bromine,  and  iodine,  when  displacing  hydrogen  in  the  dif- 
ferent substances  referred  to  in  this  paper;  if  to  these  the  value  of 
hydrogen  be  added,  namely,  0*254,  various  values  for  the  elements 
themselves  are  obtained,  and  will  also  be  found  in  the  last  column 
on  this  table.  It  will  be  seen  in  the  case  of  chlorine,  that  these 
values  are  a  good  deal  lower  than  that  which  has  been  found  for 
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the  free  element  itself,  whicli  is  2'172  (this  vol.,  p.  28).  In  this 
table,  where  differences  for  compounds  with  two  or  three  displace- 
ments occur,  two  sets  of  numbers  are  given,  one  obtained  by  sub- 
tracting the  rotations  of  the  fatty  acids,  or  their  ethereal  salts,  from 
the  corresponding  displacement  compounds,  and  dividing  by  the 
number  of  halogen  atoms,  thus  obtaining  a  general  average  value ; 
the  other  by  subtracting  the  rotation  of  the  next  lower  displacement 
compound  from  the  next  higher,  thus  getting  the  apparent  value 
of  the  individual  displacement.  The  former  will  probably  be  gene- 
rally r  egarded  as  the  best  comparison,  because  it  is  usually  con- 
sidered that  when  two  or  more  halogen  atoms  are  associated  with  one 
carbon  atom,  that  they  are  all  similarly  related  to  it,  and  therefore 
should  have  equal  values  in  regard  to  their  magnetic  rotation.  The 
second  comparison  assumes  that  they  are  not  all  of  the  same  value, 
and  that  therefore  the  variation  must  result  from  the  combining  powers 
of  carbon  differing  in  character,  as  I  ventured  to  suggest  before 
this  Society  many  years  since  Csee  Cliem,.  News,  1868,  261),  and  there 
are  facts  which  favour  this  assumption.  And  as  I  do  not  feel  that  the 
foregoing  suggestion  of  the  readjusting  or  balancing  of  the  atoms  in 
the  molecule  is  likely  to  be  the  only  cause  of  the  variations  in  the 
rotations  under  consideration,  it  is  worth  keeping  this  hypothesis  in 
mind.  The  observations  made  in  this  paper  in  reference  to  phosgene, 
and  also  to  first,  second,  third,  and  fourth  displacements  in  mono- 
carbon  compounds,  bear  on  this  subject. 

From  this  table,  it  is  seen  how  various  are  the  apparent  values  of 
the  halogens,  and  on  examining  the  last  column  of  numbers  in 
Sections  1,  3,  and  5,  it  is  found  that  those  for  chlorine  fluctuate  from 
1'459  in  ethylic  chloroformate,  to  1"724  in  ethylic  chloropropionate, 
showing  a  difference  of  0'265.  Prom  Sections  6,  8,  and  10,  it  is 
seen  that  the  apparent  values  of  bromine  differ  from  3 "330  in  brom- 
acetic  acid,  to  3678  in  ethylic  a-bromobutyrate,  showing' a  difference 
of  0*348.  Taking  Sections  1,  2,  and  4,  the  result  for  chlorine  is  rather 
larger,  being  1'419  in  trichloracetic  acid,  to  1'724  in  ethylic  a-chloro- 
propionate,  thus  varying  by  0"305.  In  Sections  6,  7,  and  9,  the 
extremes  are  3"330  in  bromacetic  acid,  and  3'842  in  ethylic  tribrom- 
acetate,  the  difference  being  0'512. 

These  extremes  will,  1  think,  include  all  the  other  apparent  values 
of  chlorine  and  bromine  in  carbon  compounds  as  yet  examined.  The 
apparent  value  for  iodine  in  ethylic  iodacetate  is  7'411,  which  is  very 
low.  In  propylic  iodide  it  is  7'757 ;  and  in  methylenic  iodide  the 
average  is  about  8 '9. 
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5. 


Chlorine  Dtsplacements. 

Displacement  1. 

Apparent  value 
Substance.  of  CI  clisp.  H. 

Ethylic  cliloroformate l'20o 

Chloracetic  acid 1'363 

Ethylic  chloracetate 1-384 

Ethylic  a-chloropropionate. .  .  .  1'470 

Ethylic  a-chlorocrotonate        . .  1'303 

Displacement  2. 

Phosgene  or  dichloroformalde- 

liyde 1-205 

Dicliloracetic  acid 1-405 

Ethylic  dichloracetate 1-467 

Average  of  Displacements  1  and  2. 

Dichloroformaldehyde 1-322 

Dicbloracetic  acid 1-384 

Ethylic  dichloracetate 1-425 

Displacement  3. 

Trichloracetic  acid 1*165 

Ethylic  trichloracetate I'lSl 

Average  of  Displacements  1,  2,  and  3. 

Trichloracetic  acid 1*311 

Ethylic  trichloracetate 1-344 

Ethylic  trichlorolactate 1-277 

aa/J-Trichlorobutyric  acid 1-392 

Ethylic  aa/3-trichIorobutyrate  .  1396 


Apparent 
value  of  CI. 

1-459 

1-617 

1-638 

1-724 

1-657 


1-469 
1-659 
1-721 


1-576 
1-638 
1-679 


1-419 
1-435 


1-565 
1-698 
1-531 
1-646 
1-650 


Bromine  Displacements. 

Displacement  1. 

Apparent  value  Apparent 

Substance.                                 of  Br  diap.  H.  value  of  Br. 

Bromacetic  acid 3076  3330 

Ethylic  bromacetate .      3*147  3401 

a-Bromopropionic  acid 3*337  2*591 

Ethylic  bromopropionafce 3*420  3*674 

a-Bromobutyric  acid 3*341  3595 

Ethylic  a-bromobutyrate 3*424  3*678 

Ethylic  a-isobromobutyrate  .  . .      3*402  3-656 
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9. 


10. 


Displacement  2. 

Apparent  value 
Substance.  of  Br  disp.  H. 

Dibromacetic  acid 3' 131 

Ethylic  dibromacetate 3' 123 

Average  of  Displacements  1  and  2. 

Dibromacetic  acid 3106 

Ethylic  dibromacetate 3'135 

Displaceyaent  3. 

Tribromacetic  acid 3 "414 

Ethylic  tribromacetate 3'o88 

Average  of  Displacements  1,  2,  and  3. 

Tribromacetic  acid 3'209 

Ethylic  tribromacetate 3"286 

Iodine  Displacement. 

Apparent  value 
Substance.  of  I  disp.  H. 

Ethylic  iodacetate 7"187 


Apparent 
value  of  Br. 

3-385 
3-377 


3-360 
3-389 


3-668 
3-842 


3-463 
3-540 


Apparent 
value  of  I. 

7-411 


Refractive  Power  of  Ethylic  Acetate  and  its  Chloro-  and  Bromo- 
Derivatives. 

Considering  the  remarkable  differences  found  to  exist  between 
the  magnetic  rotation  of  these  compounds,  it  was  of  interest  to 
see  if  there  was  anything  analogous  in  connection  with  their 
refractive  power,  as  in  many  cases  a  certain  kind  of  parallelism 
between  these  two  properties  has  been  noticed.  Briihl  (Annalen, 
203,  11)  has  already  measured  the  refractive  power  of  the  ethylic 
chloracetates,  and  to  complete  the  required  comparisons  I  have 
measured  the  ethylic  bromacetates,  employing  the  same  specimens 
as  those  used  for  the  magnetic  rotations. 

The  following  is  a  comparison  of  the  results  obtained  by  Briihl, 
showing  the  differences  for  chlorine  displacing  hydrogen — 

p'^g  -  ^  . 

■^      d  DifE. 

Ethylic  acetate 36-22 1  g.o- 

Ethylic  chloracetate 44-47  ( 

Ethylic  dichloracetate 53*41 1 

Ethylic  tri chloracetate 62-05  J  ^"^^ 

As  in  the  magnetic  rotation,  the  second  difference  is  considerably 
the  largest ;  the  first  and  third,  however,  do  not  correspond  quite  so 
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well  with,  the  rotation,  for   in   that  case  the  latter  should   be   the 
smallest. 

The  results  obtained  with  the  bromine  compounds  are  as  follows — 

p/^"  -  \ 

^      d  Diff. 

Ethylic  acetate    36"22  \  i  q-t^o 

Ethylic  bromacetate    4981  (  -.'cq-t 

Ethylic  dibromacelate    63*78| 

Ethylic  trichloracetate 78-22  J  1^"^^ 

Here,  again,  the  same  kind  of  analogy  is  found,  the  third  difPerence 
being  the  largest,  as  in  the  case  of  the  rotation  ;  the  first  and  second 
again,  however,  do  not  correspond  so  well,  as  the  rotations  are  prac- 
cically  the  same. 

As  both  in  the  chloro-  and  bromo-compounds  the  prominent 
differences  in  the  rotation  and  refractive  power  refer  to  the  same  dis- 
placements, it  is  quite  likely  that  the  want  of  closer  accord  in 
reference  to  the  other  differences  is  partially  due  to  experimental 
errors,  as  they  correspond  to  small  quantities  ;  at  any  rate,  there  is 
evidently  an  analogy  in  the  behaviour  of  these  compounds  in  reference 
to  these  two  properties. 

A  comparison  of  the  dispersion  of  the  bromo-compounds  of  interest 
with  the  calculated  values  for  H — A,  is  interesting. 

Found.  Calculated. 

Ethylic  bromacetate 2"44  2'63 

Ethylic  dibromacetate 372  3-38 

Ethylic  tribromacetate 4*95  4"  13 

This  shows  that  whilst  it  is  low  in  the  case  of  the  first  displace- 
ment, it  increases  beyond  the  ordinary  value  for  the  second,  and  still 
more  for  the  third. 

The  molecular  refraction  found  for  ethylic  iodacetate  is  slightly 
lower  than  the  calculated;  thus,  taking  the  line  A,  the  former  is 
59'11,  whilst  the  latter  is  o9'8.  The  dispersion  is  also  a  little  lower; 
in  these  respects  the  results  are  analogous  to  those  obtained  with 
ethylic  bromacetate.  The  molecular  refraction  of  ethylic  chloracetate 
is  also  less  than  the  calculated,  namely,  44'47,  instead  of  45-1. 

The  irregularities  in  the  refractive  power  of  these  halogen  com- 
pounds are  additional  evidence  that  this  property  is  not  simply  of  an 
additive  nature. 

Not  very  long  since,  a  paper  by  Dr.  Humburgh,  appeared  {Zeit. 
physikal.  Chem.,  12,  401),  giving  measurements  of  some  of  the 
chlorinated  and  brominated  acids  referred  to  in  this  paper,  but 
it  is  very  difficult  to  understand  how  he  could  have  obtained 
the   results  he  publishes,  as  he  found   that   the  differences  for  the 
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successive  displacements  of  hydrogen  by  chlorine  and  bromine  in 
these  compounds  were  all  practically  the  same.  This  is  opposed  to 
all  the  measTirements  given  in  this  paper,  and  inconsistent  with  all 
other  work  published  on  the  rotation  of  halogen  displacement  com- 
pounds. Of  course  I  am  not  in  a  position  to  explain  how  it  is  that 
he  has  obtained  these  results,  but  it  may  in  part  be  connected  with 
the  apparatus  he  has  employed,  which  is  the  same  as  that  previously 
used  by  Drs.  Jahn  and  Schonrock.  One  of  the  faults  in  this  is  the  small 
rotations  it  gives,  as  may  be  seen  from  Dr.  Humburgh's  measurements, 
where  the  rotation  observed  for  water  only  amounts  to  about  66', 
whilst  the  instrument  I  employ  gives  a  rotation  for  water  more  than 
five  times  as  large,  and  even  with  this  I  find  it  necessary  to  take  an 
average  of  a  large  number  of  readings  to  get  what  I  consider  useful 
results.  Dr.  Humburgh  also  gives  rotations  of  several  halogen  deri- 
vatives of  the  paraSins  and  of  chlorobenzeue  and  chlorotoluene, 
and  also  of  benzylic  chloride,  and  although  for  some  of  these  sub- 
stances he  does  get  some  very  considerable  variations  in  the  apparent 
values  of  the  halogens,  yet  he  averages  them  all  together,  and  con- 
cludes by  saying,  "  These  atomic  rotations  agree  satisfactorily  with 
those  deduced  from  the  acids,  and  it  appears  that  the  electromagnetic 
rotation  of  the  halogens  in  alcohol  (paraflins  ?)  and  acid  substitution 
products  are  identical."  It  is  a  pity  to  publish  such  results  and  con- 
clusions, as  they  are  only  calculated  to  cause  confusion. 

Experimental   Results. 

Phosgene,  COCI2. — The  specimen  of  this  substance  examined  was 
obtained  from  Kahlbaum.     Its  density  was — 

dO^/O"     1-4204,  and  cZ 474°     1-4115. 

The  magnetic  rotation  was  twice  determined,  the  total  number  of 
readings  taken  was  88.     These  gave 

i.  Sp.  rotation.  Mol.  rotation. 

2-8"^  1-0295  4-003 

Ethylic  Chloroformate,  ClCOO'CzHs. — After  drying  with  potassium 
carbonate,  this  substance  was  purified  by  fractional  distillation,  when 
it  boiled  at  94—95°  corr. 

^474°     1-1596.  (Z 10710°     1-1611.  dl5°ll6°     1-1449. 

d  20°  120°     1-1389.  d  25725°    1-1333. 

The  magnetic  rotation  was  determined  twice  (58  readings)  and 
gave — 

t.  Sp.  rotation.  Mol.  rotation. 

13-4°  0-9073  4-769 
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mhylic  Carbonate,  CO(OC2H5)2.— Boiling  point  1267— 127-2°  corr. 

d474°     0-9929.  d  10°  110°     0-9868.  d  15715°    0-9819. 

d  20720°     0-9774.  d  25725°     0-9730. 

The  magnetic  rotation  twice  determined  (56  readings)  gave — 

t.  Sp.  rotation.  Mol.  rotation. 

11-5°  0-8238  5-481 

Acetic  acid,  CHa'COOH. — The  acid  was  dried  with  copper  sulphate 
decanted,  and  distilled  ;  it  boiled  at  118 — 118*5°  (corr.). 
d  80780°     1-0100.  (^85785°     1-0074. 

The  magnetic  rotation  twice  determined  (72  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

86°  0-7528  2-493 

The  molecular  rotation  of  this  acid  was  found  to  be  2-525  at  21° 
(Trans.,  1882,  41,  481) ;  this  is  0-032  higher  than  the  above,  for  a 
difPerence  of  65°,  or  0-049  for  100°. 

Propionic  acid,  C2H5-COOH. — This  was  dried  in  the  same  manner 
as  the  acetic  acid,  and  then  distilled,  the  first  and  last  parts  being  re- 
jected.    It  boiled  at  141-2—141-4°  (corr.). 

d  15715°    0-9977.  (^84'2°/84-2°     0-9512. 

(i  96-5°/96-5°     0-9456. 

The  magnetic  rotation  once  determined  (40  readings)  gave — 
t.  Sp.  rotation,  Mol.  rotation. 

89-5°  0-7925  3-434 

The  molecular  rotation  of  this  acid  at  20-3°  was  found  to  be  3-462 
(Trans.,  1882,  41,  482),  thus  showing  a  difference  of  0-028  for  69-2° 
or  0-040  for  100°.     This  is  practically  the  same  as  for  acetic  acid. 

Chloracetic  acid,  CH2C1'C00H. — This  acid  was  rendered  anhydrous 
by  distillation.  It  boiled  at  188-5 — 189-5  corr.,  most  of  it  coming 
over  at  189°. 

cZ  60760°  1-4008.  cZ80°/80°  1-3897. 

d65°/65°  1-3978.  tZ  85785°  1-3875. 

(Z  70770°  1-3949.  (Z90°/90°  1-3855. 

6^75775°  1-3922.  cZ  95795°  1-3838. 

The  magnetic  rotation  of  this  acid  was  once  determined  (48  read- 
ings) and  gave — 

t.  Sp.  rotation.  Mol.  rotation. 

64-6°  1-0302  3-868 

This  corrected  to  15°  by  coefiicient  for  acetic  acid  becomes  3-892. 
An  aqueous  solution  of  this  acid,  containing  72*344  per  cent.,  its 
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composition  being  represented  by  the  formula  C2H3CIO2  +  2*007OH,, 
was  a^so  examined. 

(i  10710°     1-3119.  (Z 15715°     1-3069.  cZ  20720°     1-3029. 

The  magnetic  rotation  twice  determined  (72  readings)  gave — 
t.  Sp.  rotation,  Mol.  rotation. 

14-4°                    1-0635  5-891 

Less  OH, 2-007 


3-884 

The  average  and  molecular  rotation  obtained  from  both  sets  of 
determinations  is  3-888. 

Bichloracetic  acid,  CHCVCOOH. — The  boiling  point  of  the  specimen 
used  was  194 — 194-5°  corr. 

fZ4°/4°  1-5843.  (Z 15715°  1-5707.  (Z25°/25°  1-5604. 

The  magnetic  rotation  determined  three  times  (96  readings) 
gave — 

t.  Sp.  rotation.  Mol.  rotation. 

13-5°  1-1628  5-304 

An  aqueous  solution  of  this  acid  was  also  examined,  it  contained 
78019  per  cent,  of  acid,  its  composition  being  represented  by 

CzHaCl^O^  +  2-019HO2. 
(Z 10710°     1-4325.          (Z 15715°     1-4268.  cZ25°/25''     1-4219. 

The  magnetic  rotation  twice  determined  (72  readings)  gave — 
t.                        Sp.  rotation.  Mol.  rotation. 

12-2°                    1-1360  7-302 

Less  OH,    2-019 


5-283 


Average  of  both  results  5-293. 

Trichloracetic  acid,  CCls'COOH. — The  boiling  point  of  this  acid  was 
196 — 197°  (corr.).     It  was  first  examined  in  the  fused  state. 

d  60"  160°     1-6302.  (Z  65765°     1-6268.  d  70°  170°        1-62.37. 

d75°/75°     1-6209.  (Z80°/80°     1-6186.  (Z85°/85°         1-6166. 

d90°l90°     1-6150.  d95°l95°     1-6137.  dlOO°liOO°     1-6126. 

The  magnetic  rotation  twice  determined  (96  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

60-6°  1-1523  6-422 

Corrected  to  15°,  by  coefficient  of  acetic  acid,  this  becomes  6-444. 

An  aqueous  solution  of  this  acid  containing  90*082  per  cent,  of 
acid,  its  composition  being  represented  by  C2HCI3O2  +  OHj,  was 
examined. 
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dlO'llO"     1-5988.  dl5°ll£>°     1-5922.  c?20'/20°     1-5868. 

The  magnetic  rotations  twice  determined  (96  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

14'3='                    1-1807  7-473 

Less  OH2    1-000 


6-473 


Average  of  both  results  6-458. 

Ethylic  Chloracetate,  CHjCl-COOCaHj.— Boiling  point  143-7— 144-2° 
corr. 

f?474°     1-1749.  cZ  10710°     1-1674.  dl5°IU°    1-1619. 

d  20720°     1-1573.  cZ25°/25°     1-1529. 

The  magnetic  rotation  twice  determined  (56  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

10-8°  1-0022  5-846 

Ethylic  DicMoracetate,  CHClz'COOCzHs.— Boiling  point  158—158-2° 
corr. 

^474°     1-3049.  (?,  10710°     1-2971.  (i  15715°    1-2911. 

d20°/20°     1-2856.  (i25°/25°     1-2805. 

The  magnetic  rotation  twice  determined  (66  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

11-3°  1-0864  7-313 

Ethylic  Trlchloracetate,  CCla'COOCsHs.- Boiling  point  167-5—168° 
corr. 

d4°/4°     1-4035.  dlO°IW     1-3950.  d  15°  115"     1-3886. 

The  magnetic  rotation  twice  determined  (64  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

10-3°  1-1133  8-494 

cca^-Trichlorohutyric  acid,  CHs'CHChCCla'COOH. — An  attempt 
was  made  to  dry  this  acid  by  distillation  under  reduced  pressure,  but 
hydrogen  chloride  was  given  ofF,  and  a  crotonic  compound  formed  to 
a  small  extent.  It  was  therefore  dried,  first  in  a  vacuum  over 
sulphuric  acid  for  about  a  week,  and  then,  under  120  mm.  pressure, 
for  a  few  hours,  jusfc  below  its  fusing  point  in  a  current  of  dry  air, 
finally  raising  the  temperature  until  the  acid  was  completely  fused  ; 
by  this  treatment,  no  unsaturated  product  was  formed.  Its  solution, 
having  the  composition  of  1  mol.  of  acid  to  2  of  water,  was 
examined;  this  contained  84-170  per  cent,  of  acid. 

cZ  15715°     1-4139.  d25°/25°     1-4058. 

Magnetic  rotation,  once  determined  (48  readings),  gave — 
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t. 

Sp.  rotation. 

Mol.  rotation. 

16° 

1-1906 

10-649 

Less  OH2  .  . 

2-000 

8-649 

^^/i?/Zzcaa^-rrtc7iZoro6if^(/ra^e,CH3-CH:Cl'CCl2-COOC2H5.— Trichloro- 
butyric  acid  etherifies  with  difficulty  ;  witli  hydrogen  chloride 
and  alcohol,  the  yield  of  ethereal  salt  is  very  poor,  but,  if  a  mix- 
ture of  the  acid  with  twice  its  weight  of  alcohol  and  about  10  per 
cent,  of  sulphuric  acid  is  heated  in  a  sealed  tube  at  100°  for  three 
days,  a  fairly  good  yield  is  obtained.  Ethylic  aa/3-trichlorobutyrate 
boils  at  174-2°  corr.  under  250  mm. 

(^474°     1-3301.  (Z 10710°     1-3233.  (^  15715°     1-3183. 

d  20720°     1-3138.  (i25°/25°     1-3094.  tZ  30730°     1-3049. 

Magnetic  rotation,  twice  determined  (72  readings),  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

15-1°  1-1529  10-664 

m^iylic  Trichlorolaetate,  CCl3CH(OH)'COOC2H5.— Boiling  point 
161-5—162-5°  corr.  (93  mm.). 

(Z63°/63°    1-4189.  (£72772°     1-4147. 

Magnetic  rotation  once  determined  (56  readings)  gave— 
t.  Sp.  rotation.  Mol.  rotation. 

66-2°  1-0978  9-531 

The  rotation  would  be  somewhat  higher  at  15°,  probably  as  much 
as  0-1,  as  the  coefficient  of  ethereal  salts  for  the  influence  of  differ- 
ence of  temperature  is  larger  than  that  of  the  acids ;  for  the  pur- 
pose of  comparison,  the  molecular  rotation  of  this  compound  may  be 
taken  as  9*631. 

Methylic  Chloracetate,  CHaCl-COOCHa.— Boiling  point  130—130-5'' 
corr. 

fl!4°/4°     1-2570.  (i  10710°     1-2491.  cZ  15°/15°  1-2432. 

cZ20°/20°     1-2378.  c?25°/25°     1-2326. 

The  magnetic  rotation  twice  determined  (72  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

17-3°  0-9872  4-796 

Ethylic  a-Chlorocrotonate,  CHs'CHICCl-COOCjHj.— This  was  ob- 
tained by  etherifying  a-chlorocrotonic  acid  by  means  of  alcohol  and 
hydrogen  chloi'ide.     It  boiled  at  175 — 176°  corr. 

d4°/4°    1-1248.         cZ  10710°     1-1183.        tZ  16°/15°     1-1135. 
d20°i'20°     1-1090.         (Z  25725°     1-1047.        d30°/30°     1-1006. 

Magnetic  rotation,  once  determined  (40  readings),  gave — 
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t.  Sp.  rotation.  Mol.  rotation. 

16°  1-1994  8-892 

Brmnacetic  acid,  CH2Bi"C00H, — The  acid  examined  boiled  at 
168-3°  corr.  (250  mm.). 

dSO'/oO"     1-9335.  tZ  55755°     1-9296.  c?  60760°     1-9261. 

d65°/65°     1-9229.  d  70770°     19201.  ci  75775°     1-9176. 

cZ  80780°     1-9153;  f?85°/85°     1-9131.  £Z90°/90°     1-9110. 

The  ra.agnetic  rotation  of  the  acid  in  the  fased  condition  was  once 
determined  (48  readings)  and  gave — 

t.  Sp.  rotation.  Mol.  rotation. 

52-52°  1-4017  5-603 

This  corrected  to  15°,  by  the  coefficient  for  acetic  acid,  becomes 
5-621. 

An  aqueous  solution  of  this  acid  containing  79*43  per  cent.,  its 
composition  being  represented  by  C2H3Br02  +  2OH2,  was  also  ex- 
amined. 

dfl5°/15°     1-6758.  cZ25°/25°     1-6659. 

The  magnetic  rotation  twice  determined  (72  readings)  gave — 

t.                        Sp.  rotation.                Mol.  rotation. 
17-2°                    1-3027  7-581 

Less  OH2 2-000 

5-581 

The  average  of  both  sets  of  determinations  is  5-601. 

Dibromacetic  acid,  CHBrj-COOH. — The  acid  used  boiled  at 
193 — 196°  corr.  (250  mm.).  It  was  examined,  in  aqueous  solution 
containing  85-823  per  cent,  of  acid.  The  composition  of  this  is 
represented  as  C2H2Br202  +  2OH2. 

d  15°/15°  2-0491.  d  25°/25°  2-0372. 

The  magnetic  rotation  twice  determined  (80  readings)  gave — 

t.                        Sp.  rotation.  Mol.  rotation. 

17-0°                    1-5589  10-745 

Less  OH2 2-000 


8-745 

The  acid  was  again  fractionated,  and  a  specimen  boiling  at 
195 — 197°  con-.  (250  mm.)  selected  for  examination,  a  solution  of  the 
above  strength  being  made  with  it. 

d  15°/15"     2-0687. 

The  magnetic  rotation  once  deteraiined  (40  readings)  gave — 
VOL.  LXV.  2   H 
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t. 


Sp.  rotation. 

Mol.  rotation. 

1-5731 

10-732 

Less  OH2 . . . 

2-000 

8-732 
Average  of  both  results  8-738. 

Tribromacetic  acid,  CBra'COOH. — This  acid  was  obtained  from 
Kahlbaum,  three  different  specimens  being  used ;  it  was  first  examined 
in  aqueous  solution,  and  then  in  solution  in  efchylic  benzoate. 

Solution  1. — This  aqueous  solution  contained  80-49  per  cent,  of  acid 
(dried  in  a  vacuum  over  sulphuric  acid),  and  is  represented  in  compo- 
sition by  CzHBraOj  +  4OH2. 

(Z15°/15°     2-1075.  6^25725°     2-0969. 

The  magnetic  rotation  once  determined  (32  readings)  gave — 
f.  Sp.  rotation.  Mol.  rotation. 

16°                     1-6601  16-157 

Less  OH, 4-000 


12157 

Solution  2. — This  was  of  the  same  composition  as  the  above,  but 
was  prepared  with  a  fresh  specimen  of  acid,  dried  in  a  vacuum  over 
sulphuric  acid. 

d  16715"     2-]  071.  (Z  25725°     20959. 

The  magnetic  rotation  once  determined  (40  readings)  gave — 
i.  Sp.  rotation.  Mol.  rotation. 

18'5°                    1-6599  16-179 

Less  OH2 4-000 


12-179 
Solution  3. — Same  strength  as  above,  but  acid  dried  at  100°. 

cZ  15715°     2-1091. 
The  magnetic  rotation  once  determined  (32  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

15°     .                1-6586  16-122 

Less  OH2 4-000 


12-122 

Solution  4. — The  acid  used  was  a  third  specimen,  dried  at  115° 
under  a  pressure  of  40  mm.,  and  then  kept  fused  for  a  short  time 
under  the  same  pressure.  The  solution  was  made  of  the  same 
strength  as  the  others. 

(Z 15715°     2-1096. 
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The  magnetic  rotation  determined  (40  readings)  gave — 
t.                        Sp.  rotation.  Mol.  rotation. 

14-6°                    1-6634  16-161 

Less  HoO 4-000 


12-161 

All  these  results  vary  but  little  from  each  other.  Their  average  is 
12-155. 

Solution  5. — The  solvent  in  this  case  vsras  ethylic  benzoate.  It  had 
been  dried  in  a  vacuum  over  sulphuric  acid,  and  contained  56-897  per 
cent,    of    acid.      Its    composition    is    represented    as    CsHBraOj    + 

1  "509111002. 

cZ157lo°     1-6393.  tZ  25725°     1-6291. 

The  magnetic  rotation  once  determined  (32  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

15-2°  1-8628  32-959 

Less  1-5  mols.  ethylic  benzoate. .      20'794 


12-165 

Solution  6. — This  had  the  same  composition  as  the  last,  but  was 
prepared  v^ith  the  fused  acid  used  for  Solution  4. 

(Z 15715°     1-6417. 
The  magnetic  rotation  once  determined  (32  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

13-7°  1-865L  32-922 

Less  1-5  mols.  ethylic  benzoate. .      20-794 

12-128 

Average  of  ethylic  benzoate  solutions  12-146 
„  all  solutions  12-152 

Ethylic  Bromacetate,  CHzBr'COOCzHs. — Boiling  point  168-7°  corr. 

(Z4°/4°     1-6282.  (Z 10710°    1-5192.  cZ  15715°     1-5123. 

d20°/20°     1-5059.  d  25725°     1-5002. 

The  magnetic  rotation  twice  determined  (72  readings)  gave — 

t.  Sp.  rotation.  Mol.  rotation. 

16-6°  12386  7-609 

Ethylic  Dibrcmiacetate,  CHBr./COOCaHs.— Boiling  point  120—121° 
corr.  (74  mm.). 

(^4°/4°     1-9277.  cZ  10710°     1-9171.  d  15715°     19095. 

cZ20°/20°     1-9025.  tZ  25725°     1:8960. 

2  u  2 
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The   magnetic   rotation  determined  three    times    (104   readings 
gave — 

t.  Sp.  rotation.                 Mol.  rotation. 

16-3°  1-4981                      10-732 

Ethylic  Tribromacetate,  CBra'COOCaHs. — Boiling  point  148°  corr. 
(73  mm.). 

eZ474°    2-2568.  dlO°IW    2-2457.  (^  15715°    2-2373 

(i  20720°     2-2300.  ^25725°    2-2226. 

The  magnetic  rotation  three  times  determined  (104  readings) 
gave — 

t.  Sp.  rotation.  Mol.  rotation. 

15-3°  1-7766  14-341 

The  substance  was  refractionated  and  again  examined.  Boiling 
point  148-8°  corr.  (74  mm.). 

cZ  15715=     2-2388. 

The  magnetic  rotation  twice  determined  (64  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

15°  1-7729  14-299 

Average  of  both  sets  of  determinations  14-320. 

Ethylic  lodacefate. — This  substance  was  prepared  from  ethylic 
chloracetate,  by  digesting  it  with  potassium  iodide  and  alcohol,  for 
some  hours  over  the  water  bath.  Two  separate  preparations  were 
made,  and  examined.  The  second  was  rather  more  severely  fraction- 
ated than  the  first. 

Specimen  1. — Boiling  point  141 — 143°  corr.  (250  mm.). 

di74°    1-8217.  dlO°jlO°     1-8118.  dl5°j\6"    1-8045. 

(Z  20720°     1-7980.  d25°/25°     1-7912. 

The  magnetic  rotation  twice  determined  (64  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

15-r  1-7676  11-647 

Specimen  2. — Boiling  point  142-5 — 143-5"  corr.  (250  mm.). 

d474°     1-8320.  (^  10710°     1-8224.  tZ  15715°    1-8150. 

d20°/20°     1-8080.  rf25°/25°     1-8013. 

The  magnetic  rotation  once  determined  (40  readings)  gave — 

t.  Sp.  rotation.  Mol.  rotation. 

15-4°  1-7784  11-652 

Average  of  both  sets  11*649. 

Ethylic  OL-Chloropropionate,  CHsCHCl'COOCzHs. — Boiling  point 
147— 148-5°  corr. 
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(24°/4°    1'1064.  (710°/l-0°     1-0987.  dl5°iir>     1-0943. 

d20°j20°     1-0907.  f^  25725°     1-0874. 

The  magnetic  rotation  twice  determined  (64  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

15-1°  0-9974  6-922 

a.-Bromopropionic  acid,  CHj'CHBr-COOH. — Boiling  point  168°  corr. 
(250  mm.). 

«i474°     1-7193.  (Z 10710°     1-7116.  cZ  15°/15°     1-7055. 

fZ  20720     1-6998.  cZ25°/25°     1-6943. 

The  magnetic  rotation  twice  determined  (64  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

15°  1-3640  6-799 

Ethylic    OL-Bromopropionate,    CHa'CHBr-COOCzHs. — Boiling    point 
124°  corr.  (250  mm.). 

(Z474°     1-4127.  cZ  10710°     1-4043.  cZ  15°/15°     1-3980. 

d  20720°  .  1-3923.  d  25°  125°     1-3868. 

The  magnetic  rotation  twice  determined  (64  readings)  gave — 

t.  .     .     Sp.  rotation.  Mol.  rotation. 

15-6°  1-2328  8-872 

a-Bromohutyric  acid,  CBs'CHz'CHBr'COOH. — Boiling  point  181  — 
182°  corr.  (250  mm.). 

rf4°/4°     1-5855.  (Z 10710°     1-5780.  cZ15°/15°     1-5723. 

d20°/20°     1-5669.  d  25°  125°     1-5620. 

The  magnetic  rotation  twice  determined  (56  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

15°  1-3194  7-785 

This  acid  was  refractionated,  and  again  examined.     Boiling  point 
148-3—149°  corr.  (74  mm.). 

(Z 15716°     1-5735. 

The  magnetic  rotation  once  determined  (32  readings)  gave — 

t.  Sp.  rotation.  Mol.  rotation. 

15-5°  1-3296  7-842 

Avei-age  of  both  sets  of  determinations  7-813. 

Ethylic  a.-Bromohutyrate,  CHa-CH^'CHBr-COOCzHs. — Boiling  point 
139-5—140°  corr.  (250  mm.). 

d4°/4°     1-3480.  cil0°/10°     l-,3399.  (Z  15°/15°     1-3349. 

d  20720     1-3297.  cZ  25725°     1-3245. 

The  magnetic  rotation  twice  determined  (72  readings)  gave — ■ 
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t.  Sp.  rotation.  Mol.  rotation. 

15-6°  1-2193  9-901 

Ethylic    Isohromohutyrate,     (CH3)2CBr'COOC2H5. — Boiling    point 
91-5—92°  corr.  (74  mm.). 

c?474°     1-3482.  (Z 10710°     1-3400.  cZ  15715°     1-3343. 

^20720°     1-3287.  d2b°/2o°     1-3235. 

The  magnetic  rotation  once  determined  (32  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

15-5°  1-2162  9-879 

Refraction  Determinations. 

UtJiylic  Bromacetate. 

d  13/4  =  1-51414. 

T-  TOO  A'     —     1  M~l»- 

Line.  yul3.  !^ — ^~.  "^ — ;— i'- 

a  a 

A,.: 1-44860  0-29627  49-48 

C 1-45160  0-29826  49-81 

D 1-45420  0-29997  50-09 

E 1-46077  0-30431  50-82 

G 1-46631  0-30797  51-43 

H  estimated,  51-92.     Dispersion  H— A,  2-63.  Calculated,  2-44. 

JSthylic  Dibromacetate. 
(Z 12-5/4  =  1-92232. 

Line.  /xl2-5°.  ^""  I  ^^—^P- 

a  a 

A 1-49474  0-25737  63-31 

C 1-49840  0-25927  63-78 

D 1-50167  0-26097  64-20 

F 1-51009  0-26535  65-27 

G 1-51731  0-26911  66-20 

H  estimated,  67-03.     Dispersion  H— A,  3-72.  Calculated,  3-38. 

Ethylic  Tribromacetate. 
tZ  12-574°  =  2-24175. 

Line.  m12-5°.  '^^.  '^^^P- 

a  a 

A 1-53524  0-23876  77-60 

C 1-53952  0-24066  78-22 

D 1-54377  0-24257  78-83 

F 1-55443  0-24732  80-38 

G 1-56281  0-25106  81-59 

H  estimated,  82-55,     Dispersion  H — A,  4-95.  Calculated,  4-13. 
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Ethylic  lodacetate. 

tZ  12-774°     1-8173. 

Line.                        ^12-7°.                    f^^^.  ^  ~  ^». 

A 1-49965                0-27621  59-11      " 

D 1-50789                0-27947  59-80 

F 1-51797                6-28502  60-99 

G. 1-52683                0-28989  62-04 

H  estimated,  63-12.     Dispersion,  H — A,  4-01.  Calculated,  4-20. 

List  of  Suhstances  examined  with  their  Molecular  Botations,  ^c. 

Mol. 

Acids.                                      rotation.  Page 

Acetic at  86°     2-493  403,  421 

Propionic at  89      3-434  403,  421 

Chloro-aclds. 

Chloroacetic 3-888  405,  414,  421 

Dichloracetic 5-293  405,  414,  422 

Trichloracetic 6-458  405,  414, 422 

aa^-Trichlorobutyric    8-649  410, 423 

Ethereal  Salts. 

Ethylic  cliloroformate   (chlorocar- 

bonate) 4-769  405,420 

„       chloracetate 5-846  406,  414,  418, 423 

„       dichloracetate 7-313  406,  414,  418, 423 

trichloracetate 8-494  406,  414,  418, 423 

„       a-chloropropionate 6-922  409,  428 

„       triclilorolactate    , .      9-531  409,  424 

,,       aa/:J-trichlorobntyrate  . . .    10-664  410,  424 

„       a-chlorocrotonate 8-892  412,  424 

Methylic  chloracetate   4- 796  408,  424 

Bromo-acids. 

Bromacetic 5-601  406,  408,  425 

Dibromacetic 8-738  406,  408,  425 

Tribromacetic    12-152  406,  426 

a-Bromopropionic 6-799  410,  429 

a- Bromo butyric 7-813  410,  429 
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Etheo-eal  Salts.        Mol. 

I'otation.  Page 

Ethylic  bromacetate. 7-609  406,  418,  427, 430 

dibromacetate 10732  406,  418,  427, 430 

„       tribromacetate 14-320  406,  418,  428, 430 

„       a-bromopropionate 8-872  410,429 

„       a-bromobutyrate 9-901  410,429 

„       a-isobromobutyrate 9-879  412,  430 

„       iodacetate 11-649  408,428,431 

„       carbonate .    5-481  405,  421 

Phosgene 4-003  404,  420 


XXXVIII. — Oxidation  of  the  Alkali  Metals. 
By  WiLMOT  Holt  and  W.  Edgar  Sims,  B.Sc,  Owens  College. 

An  examination  of  the  typical  and  highest  oxides  given  by  the 
elements,  led  Dr.  Bailey  to  conclude  that  the  stability  and  composi- 
tion of  such  oxides  depended  on  the  atomic  weight  of  the  element 
from  which  it  was  derived  (Trans.,  1894,  65,  315).  The  observa- 
tions already  recorded  on  the  oxides  of  the  alkali  metals  are,  how- 
ever, so  conflicting,  and  in  many  cases  so  incomplete,  that  it  was 
found  quite  impossible  to  draw  any  generalisations  with  regard  to 
them.  We,  therefore,  at  Dr.  Bailey's  request,  undertook  a  re-exami- 
nation of  the  oxides  of  the  alkalis,  and  in  this  paper  give  the  results 
of  our  work  on  the  oxides  of  lithium,  sodium,  and  potassium. 

Oxidation  Products  of  Potassium. 

Berzelius,  in  his  Traite  de  Chimie  (1846),  states  that  by  heating 
potassium  in  a  limited  supply  of  air,  a  grey  solid,  having  the  compo- 
sition K4O,  is  obtained ;  but  he  does  not  appear  to  have  made  any 
experiments  for  the  purpose  of  ascertaining  what  the  composition  of 
the  oxide  really  was.  Lupton  (Chem.  Soc.  J.,  30,  565)  was  unable 
to  obtain  any  dennite  sub-oxide,  the  product  being  simply  a  mixture 
of  potassium  and  potash.  According  to  Gmelin,  potassium  burns 
in  nitrogen  peroxide,  forming  the  monoxide  K2O,  the  same  oxide 
being  formed  (Berzelius)  by  burning  potassium  iu  the  right  amount 
of  oxygen.  Beketow  {Bull.  Soc.  Chim.  [2],  37,  49)  was  unable  to 
obtain  the  monoxide  K2O,  as  he  found  that,  under  the  circumstances 
attending  its  preparation,  the  silver  vessel  employed  was  attacked, 
a  black  substance  of  the  composition  AgOK  being  formed. 

With  regard  to  the  higher  oxides  of  potassium,  the  evidence  is 
equally  conflicting.     Gay  Lussac  and  Thenard  (Eecherches  PhysicO' 
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chimiques,  1,  132),  by  burning  potassium  in  oxygen,  obtained  an 
oxide,  the  composition  of  which  agreed  very  nearly  with  that  of  the 
trioxide  KoOg.  Harcourt  (Chem.  Soc.  /.,  14,  267)  found  that  potas- 
sium, on  oxidation,  yielded  as  the  ultimate  product  a  tetroxide,  K2O4, 
and  that  it  was  not  possible  to  obtain  an  intermediate  oxide  of  definite 
composition.  Later,  Lupton  (loc.  cit.)  states  that  the  dioxide  K2O2 
is  obtained  by  the  continued  action  of  dry  air  or  oxygen  on  potas- 
sium ;  the  same  author  describes  the  complex  oxides  KgOs,  KgOi, 
K4O3,  as  aggi-egates  of  K2O2  and  K2O,  in  varying  proportions.  The 
conditions  under  which  any  of  the  latter  oxides  could  be  individually 
prepared  were  not  ascertained.  During  the  oxidation  of  potassium, 
different  parts  of  the  product  showed  different  tints,  and  by  picking 
out  the  portions  thus  differing  in  colour,  analytical  results  were 
obtained  from  which  the  existence  of  the  complex  oxides  already 
mentioned  was  predicted. 

Under  these  circumstances,  it  seemed  desirable  to  repeat  the  work, 
and  we  may  say  at  once,  that  the  general  results  of  the  examination 
which  we  have  made  bear  out  the  accuracy  of  the  observations  made 
by  Harcourt.  Indeed,  in  view  of  the  fact  that  the  simpler  interpre- 
tation placed  by  Harcourt  on  the  process  of  oxidation  of  potassium, 
and  from  the  general  agreement  of  our  observations  with  his,  we  are 
able  to  condense  the  record  of  our  work  very  considerably.  We  shall, 
therefore,  only  quote  such  results  as  may  have  direct  bearing  on 
matters  of  doubt,  or  as  may  be  supplementary  to  observations  already 
made.  The  potassium  used  in  these  experiments  was  carefully 
analysed  by  conversion  into  potassium  chloride,  and,  as  a  further 
check,  by  precipitation  as  potassium  platinochloride.  It  was  found 
to  be  almost  pure,  with  the  exception  of  a  small  amount  of  silica, 
0-78  per  cent. 

The  melting  point  of  potassium  is  given  by  Regnault  (Fogg.  98) 
as  55°,  and  by  Bunsen  as  62°.  We  have  determined  the  melting 
point  of  some  of  the  potassium  used  in  these  experiments,  in  a  bath 
of  paraffin,  and  found  that  the  metal  becomes  soft  at  54'5",  and 
remains  so  till  the  temperature  rises  to  60'5°,  when  it  becomes  quite 
brittle,  having  a  conchoidal  fracture;  it  was  completely  melted  at 
62-5°. 

A  peculiar  property  of  the  metal,  not  hitherto  described,  is  that 
when  subjected  to  gentle  pressure  in  air  at  the  ordinary  temperature 
it  liquefied  at  the  part  where  the  pressure  was  applied,  and  then  took 
fire.  This  phenomenon  was  not  due  to  the  presence  of  hydride  of 
potassium,  as  potassium  which  had  been  purified  by  the  method 
described  later  behaved  in  the  same  way.  The  liquefaction  and 
spontaneous  ignition  seemed  to  commence  at  the  point  where  a  clear 
metallic   surface  was   presented  to  the  air,  and  was   probably  due 
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to  the  heat  evolved  by  rapid  oxidation  taking  place  at  the  freshly 
exposed  surface. 

The  metal  vp^as  obtained  free  from  oil  and  oxide  by  the  following 
method.  A  piece  of  glass  tube,  about  12  inches  long,  was  constricted 
in  two  places,  so  as  to  form  a  large  and  a  small  chamber,  a  plug  of 
glass  wool  being  placed  at  the  constriction  adjoining  the  smaller 
chamber ;  the  large  chamber  was  now  half  filled  with  pieces  of  the 
metal  to  be  purified,  and,  after  a  stream  of  dry  nitrogen  had  been 
passed  through  the  tube,  it  was  heated  till  the  potassium  fused,  and 
any  oil  contained  in  it  was  distilled  off  in  the  current  of  nitrogen. 
When  cold,  the  tube  was  sealed  at  the  constrictions  at  each  end  of  it. 
The  part  of  the  tube  containing  the  potassium  was  now  heated  till 
the  metal  fused,  and  then,  by  inclining  the  tube,  the  molten  metal 
was  brought  into  contact  with  the  glass-wool  plug.  On  warming  the 
gas  in  the  upper  part  of  the  large  chamber,  the  molten  metal  was 
forced  thi'ough  the  glass  wool  into  the  small  chamber,  and  then,  when 
the  tube  had  cooled,  was  sealed  off  at  the  constriction.  In  this  way, 
it  was  easy  to  obtain  the  metal  quite  free  from  oxide,  and  showing  a 
perfectly  bright  surface,  with  the  further  advantage  that  the  weight 
of  the  metal  could  be  accurately  ascertained.  An  alternative  method 
of  obtaining  the  purified  metal  for  experiments  in  which  the  oxidation 
was  to  be  performed  in  a  flask,  was  to  distil  off  the  hydrocarbons  in 
a  tube  drawn  out  so  as  to  fit  closely  into  the  neck  of  the  flask ;  the 
metal  was  then  forced  direct  into  the  flask,  the  operation  being  con- 
ducted in  a  current  of  nitrogen.  This  was  practically  the  method 
employed  by  Harcourt,  of  which  a  full  description  will  be  found 
in  his  paper  (loc.  cit.). 

Action  of  Dry  Air  or  Oxygen  on  Potassiuvi. — Baker  (Pliil.  Trans., 
1888)  has  shown  that  oxidation  in  certain  cases  proceeds  with  extreme 
difficulty  in  perfectly  dry  oxygen,  and  in  our  own  experiments,  where 
two  towers  of  sulphuric  acid  were  used  for  drying  the  air,  we  noticed 
that  oxidation  took  place  very  slowly.  We  therefore  carried  out 
certain  experiments,  with  a  view  to  ascertain  whether  potassium 
would  resist  the  action  of  oxygen  from  which  all  moisture  had 
been  removed.  In  order  to  test  this  question,  a  tube  of  thick  glass 
was  constricted  so  as  to  form  two  chambers,  a  sealed  glass  bulb  con- 
taining potassium  was  introduced  into  the  smaller  chamber,  and 
phosphorus  pentoxide  into  the  larger  chamber.  The  tube  was  filled 
with  oxygen,  sealed,  and  allowed  to  remain  some  weeks.  By  now 
shaking  the  tube,  the  glass  bulb  containing  the  potassium  was  easily 
broken,  and  the  metal  exposed.  The  bright  surface  remained  abso- 
lutely unaltered  at  the  ordinary  temperature,  even  when  left  for 
some  days.  Subsequently,  heat  was  applied  until  the  potassium 
fused,  and  even  passed  into  vapour,  but  no  trace  of  oxidation  oc- 
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curred.  It  is  evident,  therefore,  that  potassium  may  even  be  distilled 
in  perfectly  dry  oxygen  without  any  oxidation  taking  place.  The 
fact  may  be  shown  as  a  lecture  experiment  in  the  following  way.  A 
cylinder,  into  which  phosphorus  pentoxide  has  been  introduced,  is 
inverted  over  mercury,  and  left  for  some  days,  until  the  moisture  has 
been  removed.  Freely-burning  potassium  was  instantly  extinguished 
in  the  dry  gas,  but  by  raising  the  deflagrating  spoon  out  of  the 
cylinder  the  metal  became  re-ignited.  The  operation  can  be  repeated 
three  or  four  times  before  the  moist  air  diffuses  into  the  cylinder 
sufficiently  to  support  the  combustion  of  the  potassium. 

Action  of  a  Moderately  dry  mixture  of  Oxygen  and  Nitrogen  on  Potas- 
sium.— The  earlier  experiments  were  carried  out  by  heating  the 
potassium  in  glass  bulbs,  as  already  described,  enclosed  in  a  tube 
through  which  the  gas  was  passed.  So  long  as  the  oxidation  proceeds 
slowly,  and  without  the  metal  actually  igniting,  this  process  answers 
very  well,  but  when  the  vapour  of  potassium  comes  into  contact  with 
glass  the  oxide  obtained  is  of  a  greenish  tinge,  and  always  contains 
silica  in  considerable  quantity  ;  with  lead  glass,  a  large  quantity  of 
lead  is  found  in  the  oxide  under  similar  circumstances.  A  sheet-ii-on 
boat  is  free  from  these  objections,  being  hardly  at  all  acted  on.  For 
the  preparation  of  the  peroxide,  however,  the  method  described  by 
Harcourt  answers  admirably,  and  is  very  easy  to  work,  even  with 
moderately  large  quantities  of  potassium,  and  especially  if  the  flask 
in  which  the  combustion  is  carried  out  is  heated  in  a  bath  of  fusible 
mfetal.  In  this  way,  an  equable  and  fairly  constant  temperature  may 
be  obtained,  whilst  it  is  possible,  also,  to  watch  the  process  during 
the  whole  period  of  the  experiment.  As  we  have  already  remarked, 
even  oxygen  dried  by  sulphuric  acid  acts  very  slowly,  and  leads  to 
an  appreciable  loss  by  vaporisation  of  potassium  during  the  experi- 
ment. If  the  gas  is  passed  through  a  single  U-tube  (that  is  over 
about  8  inches)  of  calcium  chloride,  the  desiccation  is  sufficient.  It 
is  also  desirable  to  have  a  double  bulbed  valve  tube  containing  a  little 
sulphuric  acid  at  the  exit,  in  order  to  avoid  diffusion  and  also  to  dry 
any  air  which  may  be  drawn  back  into  the  apparatus.  Before  enter- 
ing the  calcium  chloride  tube,  the  oxygen  was  passed  through  a 
solution  of  potash  in  a  small  tower,  and  arrangements  were  made  by 
which  pure  nitrogen,  pure  oxygen,  or  a  mixture  of  these  gases  in  any 
proportion  could  be  passed. 

The  action  commences  by  the  formation  of  a  violet,  or  deep  blue 
film  upon  the  metal,  which  occurs  at  temperatures  below  50°  ;  on 
raising  the  temperature  gradually,  the  metal  fuses  and  forms  a  broken 
surface  of  silvery  appearance  ;  this  slowly  becomes  dull,  and  passes 
from  grey  to  dark  grey  and  then  to  light  yellow,  which  slowly 
darkens  and  becomes  orange-yellow.     Whilst  in  the  silvery  metallic 
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condition,  the  molten  metal  ramifies  in  every  direction,  and  throws 
up  projections,  which,  sooner  or  later,  change  colour,  and,  on  tapping 
the  flask,  fall  to  powder.  In  no  case,  except  where  the  glass  had 
been  attacked,  was  any  green  compound  formed.  We  found  it  quite 
impossible  to  associate  these  differences  of  tint  with  oxides  of  definite 
composition,  for  although  we  have  performed  a  large  number  of 
experiments  in  which  the  time  of  exposure,  the  dryness  of  the  gas, 
and  the  temperature  were  varied,  the  whole  of  the  changes  take 
place  simultaneously  in  the  same  preparation,  so  that  while  one  part 
of  tlie  product  is  yellow  there  still  remain  others  of  a  dark  grey  tinge. 
Moreover,  underneath  the  surface,  the  composition  of  the  oxide  is 
different  from  that  on  the  surface.  It  is  only  after  long  continued 
heating  in  oxygen  alone  that  the  oxidation  is  completed ;  the  pre- 
liminary oxidation  is  best  performed  in  a  mixture  of  oxygen  and 
nitrogen,  and  after  several  hours,  when  the  whole  mass  has  become 
pale  yellow,  the  nitj-ogen  is  discontinued  and  the  temperature  raised. 
The  general  conclusion  to  which  our  experiments  have  led  us  is, 
that  where  the  conditions  are  favourable,  the  oxidation  proceeds  with- 
out any  break  until  the  peroxide,  K2O4,  is  obtained  as  the  ultimate 
product;  the  last  stage  of  the  oxidation  takes  place  very  slowly,  and 
is  usually  only  complete  after,  at  least,  20  hours'  heating.  The  follow- 
ing results,  quoted  from  a  large  number  of  experiments,  will  illustrate 
these  facts. 


Expt. 

Potassium. 

Oxygen 
liberated 

Total 

Percentage 
of  oxygen. 

Keraarks. 

by  water. 

oxygen. 

1 

0  -2280 

0 -1003 

0-1935 

45-90 

Prepared  in  glass  bulb. 

2 

0-2230 

0-0817 

0  -1729 

43-67 

Ditto. 

3 

0  -2562 

0  -1066 

0-2111 

45-17 

Ditto. 

4 

0  -0563 

0-0190 

0 -0420 

42-73 

Prepared  in  iron  boat.  Sur- 
face specimen. 

5 

0  -2132 

0  -0523 

0  1395 

39-52 

Ditto.  Specimen  from  below 
surface 

6 

0-1793 

0  0477 

0-1210 

40-29 

7 

0-1831 

0-0681 

0-1429 

43-83 

8 

0  -2212 

0  -0893 

0  -1795 

44-29 

9 

0-2047 

0-0881 

0-1719 

45-63 

10 

0-8310 

— 

0  -6309 

43-15 

11 

0  -1830 

— 

0-1397 

43-29 

12 

0  -6460 

— 

0  -3840 

37-28 

Not  taken  above  225°.  Heated 
5  hours. 

13 

1  -1070 

— 

0-6390 

36-59 

Not  taken  above  220"".  Heated 
4  hours. 

14 

1  -6848 

— 

1  '3174 

43-87 

Heated  at  270°— 280°  for  1 
hour.     Heated  8  hours. 

15 

1-1690 

0-9490 

44-80 

Heated  at  270^—280°  for  13 
hours.     Heated  20  hours. 

N.B. — The  percentage  of  oxygen  in  K2O4  =  45. 
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Experiments  10  to  15  were  carried  out  according  to  Harcourt's 
method.  In  order  to  see  whether  an  actual  limit  had  been  reached,  a 
sample  of  the  tetroxide  thus  prepared  was  maintained  at  a  tempera- 
ture of  280 — 3C0°  for  30  hours,  in  a  current  of  oxygen  in  the  usual 
manner,  without  any  appreciable  increase  in  weight.  The  tetroxide 
is  a  bright,  orange-yellow  powder,  which,  when  exposed  to  the  air, 
rapidly  absorbs  moisture  with  evolution  of  oxygen.  This  affords  a 
convenient  method  for  determining  the  composition  of  the  oxide, 
and  our  later  analyses  were  performed  with  the  apparatus  Fig.  I. 

Fig.  1. 


A  graduated  tube  was  filled  with  mercury,  and  attached  by  flexible 
rubber  tubing  to  a  longer  piece  of  glass  tubing,  by  raising  or  lower- 
ing which  the  pressure  could  be  regulated.  Upon  the  surface  of  the 
mercui-y  in  the  graduated  tube  a  few  cubic  centimetres  of  water*  were 
introduced,  and  a  small  porcelain  crucible  also  rested  upon  tlie  mer- 
cury. A  weighed  quantity  of  the  potassium  tetroxide  to  be  analysed 
was  placed  in  the  crucible  and  the  tube  then  hermetically  closed. 
The  oxide  slowly  deliquesced,  owing  to  the  absorption  of  the  aqueous 
vapour  and  gave  off  bubbles  of  oxygen,  gi-adually  losing  its  yellow 
colour,  and  forming  a  colourless  liquid.  In  this  way,  it  was  found 
that  the  tetroxide,  in  presence  of  water,  gave  up  half  its  oxygen. 

*  At  first  we  used  water  only,  but,  by  adopting  the  method  described,  the  correc- 
tion for  the  absorption  of  oxygen  by  the  water  is  very  small. 


438  HOLT   AND   SIMS: 

If  the  tetroxide  is  heated  sufficiently,  it  fuses  and  forms  a  black 
liquid,  and,  on  cooling,  becomes  yellow  agnin ;  if,  however,  a  high 
temperature  is  employed,  and  the  heating  be  continued  for  some  time, 
the  product  remains  black,  even  when  cold ;  if  kept  at  a  red  heat,  it 
gradually  loses  oxygen,  leaving  a  product,  the  composition  of  which 
approaches  that  of  KoO. 

Experiments  on  the  Formation  of  Potassium  Monoxide. 

This  oxide  is  said  to  be  formed  by  heating  potassium  and  potash  ; 
under  these  conditions,  a  grey  substance  is  obtained  answering  to  the 
descriptions  given  of  this  oxide.  On  treating  the  product  with 
mercury,  it  was  always  possible  to  extract  potassium  from  it,  and 
we  were  unable  to  obtain  satisfactory  evidence  that  a  homogeneous 
oxide  could  be  prepared  in  this  way.  These  lower  oxides  are  also 
described  as  being  obtained  by  acting  on  potassium  with  oxides  of 
nitrogen.  We  have,  therefore,  examined  the  action  of  nitrous  oxide, 
nitric  oxide,  and  the  red  oxides  of  nitrogen. 

Action  of  Nitrous  Oxide  on  Potassium. — We  desired  to  examine  the 
action  of  nitrous  oxide  on  potassium  under  conditions  as  far  as 
possible  similar  to  those  employed  in  the  case  of  oxygen,  and  also  to 
be  able  to  employ  in  certain  experiments  a  limited  and  known  volume 
of  the  gas.  For  this  pui'pose,  we  found  the  apparatus,  Fig.  2, 
extremely  convenient,  and,  as  it  is  of  general  application,  we  give  a 
description  of  it. 

The  potassium  was  oxidised  in  a  small  flask,  heated  in  a  bath  of 
fusible  metal  as  before,  and  connected  on  either  side  with  a  cylindrical 
funnel  which  served  as  a  gas-holder.  These  cylinders  were  connected 
by  rubber  tubing  with  two  movable,  reservoirs,  both  these  and  the 
cylinders  being  filled  with  brine,  which  had  been  saturated  with 
nitrous  oxide.  The  flask  was  connected  with  a  cylinder  on  either 
side,  and  by  raising  the  reservoir  attached  to  the  cylinder  containing 
the  gas,  and  lowering  that  attached  to  the  one  containing  brine,  the 
nitrous  oxide  was  caused  to  pass  over  the  potassium  in  the  flask. 
Thus,  a  passage  of  the  gas  backwards  and  forwards  could  be  carried 
on  by  alternately  raising  and  lowering  the  two  reservoirs,  the  gas 
being  dried  by  the  calcium  chloride  in  passing  either  way.  The 
results  were  similar  to  those  obtained  when  using  oxygen  (mixed  with 
nitrogen)  as  the  oxidising  agent,  with  one  important  exception. 

Employing  a  volume  of  gas  somewhat  less  than  the  volume  which 
would  have  been  necessary  to  convert  the  potassium  in  the  flask  into 
the  tetroxide,  a  buff-coloured  oxide,  entirely  different  in  appearance 
from  the  tetroxide,  was  produced.  Moreover,  the  product  exhibited 
the  remarkable  property  of  undergoing  further  oxidation  to  K2O4  on 
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exposure  to  air  at  the  ordinary  temperature.  Soon  after  it  was 
emptied  out  of  the  flask  it  began  to  change  colour,  first  to  orange 
and  then  to  reddish-brown,  and  so  violently  did  the  oxidation  go  on 
that  a  red  glow  spread  through  the  mass  and  the  oxide  became  fused. 


The  buff-coloured  oxide  was  homogeneous,  and  contained  neither 
nitrite  nor  nitrate,  and  the  product  formed  by  the  further  oxidation 
which  took  place  as  described  was  shown  to  be  K2O4. 

The  oxide  itself  contained  38'OG  per  cent,  of  oxygen,  from  which, 
together  with  its  behaviour,  we  conclude  that  it  had  the  composition 
K2O3,  the  theoretical  percentage  of  oxygen  in  which  is  38"09  per  cent. 
Whilst,  therefore,  it  was  not  found  possible  to  prepare  such  an  oxide 
synthetically  when  oxygen  was  used,  it  can  be  obtained  by  using  the 
right  amount  of  nitrous  oxide,  and  the  facility  vvith  which  it  under- 
goes further  oxidation  affords  a  sufficient  explanation  of  our  failure  to 
prepare  it  in  the  earlier  experiments.  Employing  a  still  smaller  pro- 
portion of  nitrous  oxide,  the  potassium  passed  through  the  same 
changes  as  when  oxidised  in  oxygen,  but  the  action  proceeded  much 
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more  slowly ;  after  some  20  hours'  heating,  the  oxide  seeroed  to 
have  become  homogeneous,  and  when  cold  was  of  a  sulphur-yellow 
colour.  The  metal  had  been  completely  oxidised,  and  the  oxide 
formed  contained  neither  nitrite  nor  nitrate,  and  on  exposure  to  the  air 
slowly  deliquesced  without  undergoing  further  oxidation.  Analysis 
proved  that  this  oxide  had  a  composition  approaching  that  of  potas- 
sium dioxide,  K2O2,  the  percentage  of  oxygen  in  the  oxide  being 
30'06  per  cent.,  whilst  the  dioxide  contains  29'09  per  cent,  of  oxygen. 
All  attempts  to  prepare  the  monoxide  of  potassium  by  this  method 
were  unsuccessful. 

Action  of  Nitric  Oxide  on  Potassium — According  to  Gmelin  and 
others,  nitric  oxide  and  the  red  oxides  of  nitrogen  act  on  potassium, 
forming  a  white  product  which  was  thought  to  be  K2O,  though  no 
sufficient  analyses  are  given.  We  therefore  heated  potassium  in  a 
stream  of  pure  nitric  oxide  dried  over  calcium  chloride ;  it  fused, 
but  almost  immediately  lost  its  metallic  appearance  and  ignited,  the 
io-nition  progressing  slowly  through  the  fused  metal,  and  dense  white 
vapours  being  given  off.  The  product  when  cold  was  a  colourless 
crystalline  mass  throughout,  such  as  had  been  described  by  previous 
observers.  On  treatment  with  concentrated  sulphuric  acid,  it 
gave  off  dense  red  fumes,  and  in  every  case  the  product  proved  to  be 
essentially  a  mixture  of  nitrite  and  nitrate  of  potassium.  Practically 
no  oxide  of  potassium  was  found  in  any  of  the  experiments. 

Action  of  the  Bed  Oxides  of  Nitrogen  on  Potassium. — The  follow- 
ing method  was  adopted  in  order  to  test  Gmelin's  statement  as  to 
K2O  being  obtained  by  the  action  of  the  red  oxides  of  nitrogen  on 
potassium.  The  red  oxides  of  nitrogen  given  off  on  heating  lead 
nitrate  were  freed  from  any  acid  vapours  by  being  passed  over  a  layer 
of  glass  wool  intermixed  with  powdered  litharge,  and  then  dried  by 
a  layer  of  calcium  chloride.  The  potassium  was  placed  in  poi-celain 
boats,  these  being  lined  with  powdered  magnesia  in  some  of  the 
experiments.  As  soon  as  the  metal  had  been  heated  to  its  melting 
point  it  ignited  and  burnt  throughout.  The  ultimate  product  was  a 
white,  crystalline  mass,  which  dissolved  completely  in  water,  but  no 
gas  was  evolved,  nor  was  the  solution  alkaline.  On  analysis,  the  pro- 
duct was  found  to  consist,  as  in  the  previous  case,  of  a  mixture  of 
potassium  nitrite  and  nitrate.  We  conclude,  therefore,  from  our  ex- 
periments, that  when  potassium  burns  in  nitric  oxide  and  in  the  red 
oxides  of  nitrogen  it  forms  a  mixture  of  nitrite  and  nitrate  in  vary- 
ing proportions,  but  without  production  of  oxide. 

Oxidation  Products  of  Sodium. 

Gay-Lussac  and  Thenard  {Becherches  Physico-chimiques,  1,  132) 
state  that   on    heating  sodium   in   a  limited   supply  of   air  a   grey 
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friable  mass,  having  the  composition  XaoO,  is  obtained.  According  to 
H.  Davj  {Phil.  Trans. y  1808)  sodium  burns  in  dry  air  or  oxygen  gas, 
forming  the  monoxide  NaoO.  Harcourt  {Chem.  8oc.  J.,  14,  267) 
states  that  both  the  monoxide  and  the  peroxide  are  formed  on  bui*n- 
ing  the  metal  in  oxygen,  but  that  it  is  not  possible  to  limit  the  action 
to  the  stage  at  which  the  monoxide  is  formed,  the  final  product  being 
the  peroxide,  which  is  yellow  while  hot,  but  becomes  white  on  cool- 
ing. Again  we  may  say  that  in  general  the  results  of  our  investiga- 
tion he?Cv  out  the  observations  of  Harcourt,  except  that  we  found  it 
possible  to  terminate  the  oxidation  at  the  stage  of  monoxide.  The 
phenomena  which  accompany  the  oxidation  of  sodium  resemble  to 
some  extent  those  which  occur  in  the  case  of  potassium.  The  action 
commences  with  the  fornaation  of  a  white  film  on  the  metal,  which 
occurs  at  temperatures  below  50°,  and  on  gradually  raising  the  tem- 
perature the  metal  fuses  and  forms  a  globule  with  a  perfectly  bright 
surface,  this,  as  oxidation  proceeds,  being  converted  into  a  mixture  of 
greyish- white  and  yellow  oxides.  If  the  temperature  be  rapidly 
raised,  the  metal  fuses  and  takes  fire,  and  by  carefully  regulating  the 
current  of  oxygen  we  obtain  at  first  a  greyish- white,  and  ultimately 
the  yellow  oxide.  If  the  sodium  be  allowed  to  burn  in  an  excess  of 
oxygen,  the  yellow  oxide  is  at  once  formed,  and  when  prepared  in 
this  manner  was  found  to  be  almost  pure  sodium  peroxide ;  it  was 
also  found  advantageous  to  employ  iron  boats  as  in  the  case  of  potas- 
sium. The  sodium  used  in  these  experiments  was  carefully  analysed 
by  conversion  into  sodium  chloride,  and  was  found  to  be  almost  pure, 
its  chief  impurity  being  0"1  per  cent,  of  silica.  It  was  further  puri- 
fied by  filtration  through  glass  wool.  The  melting  point  of  sodium  is 
given  by  Regnault  (Fogg.,  98)  as  96v°,  though  no  attempt  seems  to 
have  been  made  by  him  to  free  the  metal  fx'om  the  hydride  of  sodium, 
&c.,  always  present. 

We  found  that  the  melting  point  of  pure  sodium  determined  in  the 
same  manner  as  in  the  case  of  potassium  was  92-0°;  like  potassium, 
the  metal  becomes  quite  brittle,  and  has  a  conchoidal  fracture  one 
degree  below  the  melting  point. 

Action  of  Dry  Air  or  Oxygen  on  Sodium. — If  the  air  or  oxygen  is 
dried  fairly  well,  then  it  becomes  more  difficult  to  get  the  sodium  to 
ignite ;  sodium  does  not  burn  in  perfectly  dry  oxygen.  A  small 
quantity  of  the  sodium  was  placed  in  an  atmosphere  of  dried  oxygen 
as  with  potassium  ;  the  surface  of  the  metal  remained  perfectly  bright 
at  ordinary  temperatures,  nor  were  there  any  signs  of  oxidation  even 
on  heating  the  tube  until  the  metal  began  to  vaporise.  It  may  be 
mentioned  that  the  lecture  experiment  with  potassium  previously 
described  succeeds  also  particularly  well  with  sodium.  By  none  of 
these  methods  did  we  obtain  a  compound  corresponding  to  the  so- 
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called  sub-oxide  of  sodium  NaiO.  In  a  few  experiments,  made  by 
passing  a  stream  of  dried  oxygen  direct  into  molten  sodium  at  a 
temperature  of  235°,  no  oxidation  took  place  except  at  the  surface, 
and  when  the  tube  which  conducted  the  oxygen  was  taken  out  of  the 
molten  sodium,  and  raised  to  the  mouth  of  the  tube  containing  the 
latter,  the  sodium  adhering  to  it  immediately  took  fire,  but  was 
extinguished  again  on  lowering  it  into  the  tube.  The  final  product 
was  a  greyish  mass  which  we  found  to  be  a  mixture  of  oxide  with 
free  sodium  ;  there  was  no  evidence  of  the  presence  of  any  definite 
oxide  corresponding  to  the  so-called  sub-oxide.  The  grey  mass  when 
exposed  to  dry  air  in  a  desiccator  forms  the  monoxide  Na20,  approxi- 
mately. 

Action  of  a  Moderately  Dry  Mixture  of  Oxygen  and  Nitrogen  on  Sodium. 
— The  sodium  was  prepared  for  these  experiments  by  the  following 
method  :  a  small  flask  was  taken  about  three-fourths  full  of  toluene, 
and  the  air  in  the  flask  displaced  by  nitrogen  ;  small  lumps  of  sodium 
were  then  introduced,  the  flask  heated  on  a  sand  bath  until  the 
metal  melted,  and  then  violently  agitated  till  the  mixture  cooled. 
By  this  means  the  sodium  was  broken  up  into  very  small  particles. 
The  toluene  was  now  removed  by  washing,  first  with  benzene,  and 
then  several  times  with  pure  dry  ether,  the  sodium  being  ultimately 
heated  in  dry  nitrogen.  By  this  means  the  sodium  was  obtained  in 
a  very  fine  state  of  division,  and  had  a  perfectly  bright  surface.  Some 
of  this  sodium  was  gradually  heated  in  an  iron  boat,  in  a  very  slow 
current  of  moderately  dry  oxygen.  The  oxidation  proceeded  slowly  at 
first,  forming  a  thin  white  film  which  increased  as  the  temperature 
rose,  but  we  could  obtain  no  definite  oxide  below  the  point  of  ignition 
of  the  metal.  On  raising  the  temperature,  the  sodium  melted,  and, 
slightly  above  this  temperature,  caught  fire  and  burnt  very  slowly  to 
a  greyish  oxide,  which  became  greyish-white  on  cooling.  This  oxide 
was  found  to  be  the  monoxide  of  sodium,  Na,jO,  and  was  formed  when- 
ever a  limited  volume  of  oxygen  and  a  temperature  below  180°  were 
employed. 

On  continued  heating  in  an  excess  of  oxygen,  it  becomes  yellow 
owing  to  the  formation  of  the  peroxide,  but  we  found  it  impossible 
to  obtain  sodium  peroxide  anything  like  pure  in  this  way.  On 
using  larger  quantities  of  sodium,  however,  and  I'aising  the  tempera- 
ture rapidly  in  a  brisk  current  of  oxygen,  the  metal  burnt  briskly 
forming  a  bright  yellow  oxide  which  became  yellowish-white  on 
cooling ;  this,  on  analysis,  proved  to  be  pure  sodium  peroxide,  NaaOz. 
In  order  to  see  if  any  further  oxidation  would  take  place  we  heated  a 
sample  of  94  per  cent,  peroxide  of  sodium  in  a  current  of  dry  oxygen 
for  some  hours,  the  same  apparatus  as  that  used  for  the  preparation 
of  potassium  peroxide  being  employed,  but  there  was  no  increase  in 
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the  weight ;  in  fact  a  slight  loss  takes  place  whea  the  peroxide  is 
exposed  to  a  current  of  oxygen  at  high  temperatures  for  a  consider- 
able time. 

Grams. 

Weight  of  flask  and  peroxide  of  sodium 62"5105 

Weight  after  passage  of  oxygen  for  2  hours  at  210" 

3  hours  at  275—285° 

5  hours  at  285—300° 

„  6  hours  at  300—350° 

10  hours  at  300—350°    62-4585 
16  hours  at  300— 350°    62-4090 

After  the  oxide  had  been  heated  for  10  hours  at  300 — 350°,  it 
attacked  the  glass,  forming  a  silicate,  the  amount  of  which  visibly 
increased  on  further  heating,  silica  separating  on  dissolving  the 
oxide  in  dilute  sulphuric  acid.  It  is  evident  from  this  experiment 
that  sodium  peroxide,  Na^Oa,  does  not  take  up  more  oxygen  on  con- 
tinued heating  in  that  gas. 

Action  of  Nitrous  Oxide  on  Sodium. — Sodium,  when  slowly  oxidised 
in  a  limited  volume  of  nitrous  oxide  at  a  temperature  of  180 — 200", 
is  transformed  into  the  monoxide  N"a20. 

Action  of  Nitric  Oxide  and  the  Red  Oxides  of  Nitrogen  on  Sodium. — 
When  sodium  is  oxidised  in  either  of  these  gases,  it  behaves  in 
exactly  the  same  manner  as  potassium,  the  ultimate  product  being  a 
mixture  of  nitrite  and  nitrate. 

Oxidation  Products  of  Lithium. 

Troost  (Ann.  Chim.  Phys.  [3],  51,  703)  states  that,  by  burning 
lithium  in  oxygen,  and  leaving  the  product  to  cool  in  a  stream  of  the 
gas,  a  yellowish-white,  spongy  mass,  consisting  of  lithium  monoxide 
and  a  certain  quantity  of  lithium  peroxide  is  obtained.  Our  work  on 
the  oxidation  of  lithium  confirms  this  statement,  and  shows  that 
lithium  when  burnt  in  oxygen  forms  the  monoxide,  but  only  traces 
of  the  peroxide  are  obtained,  even  on  long-continued  heating.  The 
lithium  used  in  these  experiments  was  prepared  by  the  electrolysis  of 
the  pure  fused  chloride,  and  by  careful  management  could  be  easily 
obtained  in  a  fairly  pure  condition.  The  lithium  was  heated  in  an 
iron  boat  in  a  slow  current  of  moderately  dry  oxygen,  the  temperature 
being  gradually  raised;  at  about  250°,  it  burnt  with  a  bright  white 
flame  forming  a  spongy,  slightly  yellow  oxide,  which  became  white 
on  cooling.  We  found  it  impossible  to  obtain  more  than  traces  of  the 
peroxide,  even  when  using  a  large  excess  of  oxygen  and  prolonging 
the  heating  for  a  considerable  time.  The  white  oxide,  ou  analysis, 
was  found  to  be  pure  lithium  monoxide,  LijO.  We  have  not  yet 
examined  the  action  of  the  oxides  of  nitrogen  on  lithium. 

2  I  2 


444      HOLT   AND   SIMS:   OXIDATIOX   OF   THE   ALKALI   METALS. 

Stimmary. 

1.  Potassiura  and  sodium  (and  probably  lithium)  are  not  attacked 
by  dry  oxygen,  and  may  be  distilled  in  it  without  undergoing 
oxidation. 

2.  Lithium,  when  oxidised  in  oxygen,  gives  rise  to  the  monoxide 
Li20.  Sodium,  a  member  of  the  same  group,  though  in  the  odd 
series,  under  certain  conditions  forms  the  monoxide  NaoO,  whilst  in 
the  case  of  potassium  it  has  been  impossible  to  obtain  the  monoxide 
K2O. 

3.  The  ultimate  products  of  oxidation  are :  with  lithium,  the 
monoxide  and  slight  traces  of  a  peroxide ;  with  sodium,  the  dioxide 
!N'a202 ;  and  with  potassium  the  tetroxide  K2O4.  These  must  be 
regarded  as  the  most  definite  and  stable  oxides  of  these  metals. 

4.  The  monoxide  of  potassium  K2O  is  not  formed  by  the  oxidation 
of  potassium  in  any  of  the  oxides  of  nitrogen  as  stated  by  previous 
observers,  and  there  is  no  evidence  either  of  the  existence  of  this  or 
of  any  lower  oxide  in  the  pure  condition. 

5.  For  an  oxide  to  be  recognised  as  such  it  must  fulfil  the  require- 
ments— 

(a)  It  must  be  obtained  of  definite  composition ; 
(6)  The  conditions  under  which  it  may  be  prepared  must  be  well 
defined. 

Having  regard  to  these  requirements,  the  only  oxides  of  which  we 
have  been  able  to  find  any  evidence,  in  addition  to  those  mentioned 
under  Section  3,  are  ]Sra20,K202,  and  K2O3 ;  these  only  being  obtained 
under  certain  conditions,  and  showing  a  much  smaller  degree  of 
stability. 

6.  Both  potassium  and  sodium,  when  oxidised  in  nitric  oxide  or 
the  red  oxides  of  nitrogen,  form  varying  mixtures  of  nitrite  and  nitrate, 
according  to  the  conditions  of  the  experiment. 

In  view  of  these  results,  later  experiments,  which  are  being  pro- 
ceeded with,  will  probably  show  that  the  metals  rubidium  and 
caesium,  both  of  which  have  higher  atomic  weight  than  potassium, 
will  combine  with  oxygen  in  still  larger  proportions. 

The  work  of  Wells  and  Penfield  on  the  polyhalides  (Amer.  J.  Sci., 
43,  17,475)  also  gives  support  to  this  view. 

In  concluding  this  paper,  we  desire  to  express  our  thanks  to 
Dr.  Bailey  for  his  kind  advice  and  suggestions  throughout  the  pi-o- 
gress  of  the  work. 

Chemical  Laboratories, 

Owens  College, 

Manchester. 
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XXXIX. —  Volatilisation  of  Salts  diu^ing  Evapo7^ation. 

(Preliminary  Paper.) 

By  G.  H.  Bailey,  D.Sc,  Ph.D. 

Ix  the  course  of  a  series  of  experiments  on  the  atomic  weight  of 
palladium  by  Lamb  and  myself  (Trans.,  1892,  61,  745),  we  attempted 
to  ascertain  the  relation  of  potassium  chloride  to  palladium  in  potas- 
sium palladious  chloride  by  reducing  the  salt  in  hydrogen,  and  then 
extracting  the  potassium  chloride  by  repeated  digestion  with  water. 
There  was  evidence  that  during  the  process  of  extraction  a  notable 
amount  of  potassium  chloride  was  lost  by  volatilisation,  and  that  it 
was  carried  off  along  with  the  water  vapour. 

In  order  to  satisfy  myself  further  that  salts  such  as  the  chlorides 
of  the  alkalis  were  actually  so  carried  off,  I  evaporated  solutions 
on  a  water  bath,  and  placed  filter  paper  some  inches  above  the  sur- 
face of  the  liquid  so  that  the  steam  might  come  in  contact  with  it. 
In  each  case,  water  in  whicli  the  filter  paper  was  subsequently  im- 
mersed gave  a  distinct  tui'bidity  with  nitrate  of  silver,  and  even  in 
this  purely  qualitative  test  it  was  apparent  that  with  some  of  the 
chlorides  the  turbidity  was  more  marked  than  with  others. 

The  next  step  was  to  ascertain  to  what  extent  the  salt  was  carried 
off,  and  for  this  purpose  the  following  series  of  experiments  was 
arranged  : — Solutions  of  the  chlorides  of  lithium,  sodium,  potassium, 
rubidium,  and  coesium  of  decinorinal  strength  were  set  evaporating 
in  platinum  basins.  Over  each  of  the  basins  was  placed  a  reservoir 
of  pure  distilled  water  fitted  with  a  Berzelius  tube,  so  that  the  volume 
of  the  liquid  in  the  basin  should  always  be  kept  very  nearly  constant 
in  volume  ;  the  liquid  under  evaporation  therefore  remained  through- 
out the  experiment,  with  slight  variations,  of  decinormal  strength. 
After  a  known  volume  (about  3  litres)  of  water  had  been  evaporated 
in  this  way,  the  amount  of  the  chloride  remaining  in  the  solution  was 
determined  by  precipitating  a  fractional  portion  of  it  approximately 

by  means  of  in  ^qq  normal  silver  nitrate  solution,  and  then  titrating 

with -J  Q^  Qj^Q  normal    silver   nitrate  and   sodium  chloride  solutions, 

using  all  the  precautions  described  by  Stas.  (Hecherches  sur  les 
Loin  dcs  Proportions  Chimiques.) 

In  a  similar  manner,  a  portion  of  the  original  solution  which  had 
not  been  subjected  to  evaporation  was  titrated.  If  any  volatilisation 
of  the  salt  had  occnrred  during  evaporation,  this  would  be  indicated 
by  the  difference  between  the  two  results,  when  reduced  for  the  same 
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quantity  of  liquid  before  and  aftei'  evaporation  respectively.  I  may 
remark  that  throughout  the  whole  series  of  experiments  the  quanti- 
ties of  liquid  taken  for  evaporation,  and  of  solutions  used  for  titration, 
were  in  all  cases  determined  by  weighing,  the  values  obtained  being 
reduced  to  a  vacuum. 

It  soon  became  manifest  that  this  method  of  evaporation  was 
attended  with  some  inconveniences.  The  liquid  from  the  basin 
diffused  to  some  extent  upwards  through  the  supply  tube  into  the 
reservoir,  and  rendered  the  operations  necessary  in  finally  removing 
the  liquid  for  analysis  too  complicated,  and  moreover  the  gross 
amount  of  chloride  to  be  precipitated  was  very  large  in  comparison 
with  the  differences  to  be  detected.  However,  in  each  case  a  loss 
w^as  recorded  larger  in  amount  than  could  have  arisen  from  experi- 
mental error,  though  it  cannot  be  maiiitained  that  the  actual  amount 
of  loss  is  in  each  case  very  accurately  indicated.  In  the  following 
tables  are  given  the  results  of  this  first  series  of  experiments. 


Table  I. — Loss  on  Evaporation  of  3  Litres  of  Water  from  Solutions  of 

100  c.c.  in  Yoluvie. 


Substance  in 
solution. 

Approximate 

strength  of 

solution. 

Grams  of  salt 

before 
evaporation. 

Grams  of  salt 

after 
evaporation. 

Loss  in  milligrams 

of  the  salt  per 
litre  evaporated. 

Lithium  chloride . . 
Sodium  chloride  , . 
Potassium  chloride 
Eubidium  chloride 
Caesium  chloride  . . 
Csesium  chloride  . . 

i^o  normal 

t'o           .. 

i 

5              >' 

0  -42385 
0 -60897 
0  -73847 

2  -34542 

3  -18455 
3-11920 

0  -42311 
0  -60653 
0 -73482 

2  -33658 

3  17492 
3  -10872 

0-25 
0-81 
1-22 
2-95 
3-21 
3-49 

Various  devices  were  tried  with  a  view  to  correct  the  method,  but 
they  were  either  unsatisfactory  or  not  simple  enough  in  their  details 
to  admit  of  sufficient  precision  in  the  results.  Finally  I  gave  up  the 
idea  of  keeping  the  evaporating  liquid  of  a  constant  strength.  In 
the  succeeding  experiments,  a  known  volume  of  liquid  was  evapo- 
rated until  it  had  been  reduced  to,  say,  50  c.c,  as  recorded  by  gradua- 
tions on  the  platinum  basin.  Water  was  then  added  to  bring  the 
solution  up  to  its  original  bulk,  and  the  process  repeated  until  the 
required  amount  of  water  had  been  evaporated.  The  upper  and 
lower  limits  being  determined,  and  the  amount  of  salt  in  solution 
known,  the  mean  strength  of  the  solution  was  ascertained,  and  this 
value  is  recorded  in  subsequent  results. 

Moreover,  instead  of  making  determinations  on  the  liquid  itself,  I 
considered  that    a  more   direct  and   positive  proof   of   volatilisation 
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would  be  furnished  hj  condensing  the  steam  which  passed  off  and 
determining  the  chlorides  in  the  condensate. 

I  therefore  distilled  a  litre  of  the  solutions  in  a  largfe  6-litre  srlass 
retort,  heated  so  gently  that  no  ebullition  could  be  observed  during 
any  period  of  the  experiment.  Under  these  circumstances  by  far  the 
larger  portion  of  the  steam  condensed  at  the  head  of  the  retort,  and 
that  which  did  pass  over  contained  much  smaller  quantities  of  the 
salts  than  the  previous  series  of  experiments  would  have  led  one 
to  expect.  If,  however,  the  steam  were  carried  over  mechanically, 
either  by  a  current  of  air  or  by  steam  being  passed  into  the  space 
above  the  liquid,  larger  amounts  of  the  salts  were  found  in  the  con- 
densate. It  seemed,  therefore,  that  the  steam  in  proximity  with  the 
surface  of  the  liquid  contained  more  of  the  salts  than  that  which 
reaxjhed  the  upper  part  of  the  head  of  the  retort — a  distance  of  over 
10  centimetres.  However,  on  substituting  mercuric  chloride,  a  body 
much  more  volatile  than  any  of  the  chlorides  of  the  alkalis,  large 
quantities  of  this  salt  were  carried  over,  even  when  no  air  or  steam 
was  passed  into  the  retort.  It  was  at  once  sufEciently  clear  that 
whatever  light  may  be  thrown  on  the  mechanism  of  the  volatilisation 
of  salts  during  evaporation  from  experiments  carried  out  in  this  way, 
comparable  results  were  not  to  be  expected. 

Finally,  the  following  method  was  adopted,  and  has  been  used  in 
all    the   later   experiments.     A  Meyer  water   bath   and    condensing 
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hood,  fitted  as  shown  in  the  figure,  was  employed,  the  evaporation 
being  so  conducted  that  most  of  the  steam  condensed  on  the  inner 
surface  of  the  funnel  and  collected  in  the  rim,  from  whence  it  ran 
over  into  the  flask  placed  at  the  side  of  the  water  bath.  The  same 
platinum  basin  (of  about  600  c.c.  content)  was  used  throughout  the 
experiments,  and  the  funnel  was  set  lower  than  the  edge  of  the  basin, 
with  a  distance  of  about  1  centimetre  between  the  base  of  the  funnel 
and  the  water  bath.  The  form  of  the  water  bath  itself  was  also 
found  most  convenient,  since,  by  keeping  the  water  level  low,  practi- 
cally no  steam  passed  from  the  water  bath  into  the  air  space  above. 
The  orifice  at  the  uppermost  part  of  the  funnel  was  loosely  closed  by 
a  bulb  containing  cold  water,  so  that  as  much  of  the  steam  as  possible 
might  be  condensed.  As  a  matter  of  fact,  about  80  per  cent,  of  the 
water  evaporated  was  condensed  by  the  arrangement  described,  and 
in  view  of  the  experiments  made  in  the  glass  retort  it  is  probable 
that  the  amount  of  salt  carried  off  by  any  steam  which  escaped 
would  be  extremely  small. 

The  object  of  this  preliminary  investigation  was  essentially  to 
ascertain  whether,  under  the  conditions  usually  observed  in  evapora- 
tion, salts  of  small  volatility  could  be  carried  off  in  appreciable 
quantities,  and  in  quantities  sufficient  to  impair  the  accuracy  of  pre- 
cise determinations.  The  series  of  experiments  was  therefore  con- 
fined to  two  salts — lithium  chloride  and  cJBsium  chloride — being  the 
chlorides  of  the  alkalis  of  lowest  and  highest  atomic  weight,  and  in 
each  case  determinations  were  made  with  solutions  of  several  different 
degrees  of  concentration. 

The  results  are  given  in  the  subjoined  table. 

Table  II. — Amount  of  Salt  in  Condensate. 
Substance  in  solution.       '  Strength  of  sohition.     Pe;*  Zi^re  of  water  evaporated. 


.Litliiuni  chloride. 

I)  )i       • 

Cffisium  ,, 


0  -225  nor 

0-900 

0-210 

0-85 

1-70 

3-20 


mal 


0 

■35 

milligrams 

LiCl. 

2 

-45 

„ 

2 

-40 

CsCl. 

4 

-60 

18 
43 

86 
•50 

J! 

Although  these  results  are  of  a  much  higher  degree  of  accuracy 
than  those  in  the  preceding  table,  I  do  not  desire  to  draw  conclusions 
from  them  as  to  the  explanation  of  these  phenomena,  or  to  generalise 
on  the  physical  conditions  under  which  the  volatilsation  of  the  salts 
occurs.  This  would  be  premature,  and  must  be  reserved  until  a  wider 
series  of  observations  have  been  completfed,  using  even  more  strenuous 
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precautions.  But  the  conclusions  are  irresistible,  even  at  this  stage 
of  the  inquiry,  (1)  that  the  amount  of  salt  carried  off  is  greater  with 
the  caesium  chloride  than  with  the  lithium  chloride,  and  probably 
increases  in  some  simple  relation  to  the  molecular  weight,  and,  (2) 
that  it  is  also  greater  the  stronger  the  solution,  and  I  may  add  that 
so  far  as  the  more  careful  experiments  have  proceeded  these  conclu- 
sions are  confirmed. 

The  immediate  object  of  this  paper  is  to  show  that  with  such  salts 
at  any  rate  (and  with  some  others  this  is  true  in  a  much  higher 
degree)  appreciable  loss  does  occur,  and  especially  where  the  evapora- 
tion is  carried  to  high  degrees  of  concentration,  as  in  evaporating  to 
dryness.  In  subsequent  experiments,  comparative  results  with  other 
salts,  and  with  salts  of  the  other  halogens,,  will  be  made,  and  deductions 
will  no  doubt  be  possible  as  to  the  vapour  density  of  the  salts — the 
vapour  pressure  of  the  solution  and  the  volume  of  water  vapour, 
which  serves  as  carrier,  being  readily  ascertained. 

One  point  which,  however,  must  suggest  itself  at  this  stage  is  the 
consideration  whether  it  is  not  possible,  that,  as  the  determinations 
have  been  (on  the  score  of  the  accuracy  of  the  method  of  analysis) 
confined  to  the  estimation  of  the  chlorine^  dissociation  may  have 
occurred  in  the  solution  and  the  hydrochloric  acid  been  volatilised  in 
that  form.  In  reply  to  this  I  may  state  (1)  that  the  solution  does 
not  become  alkaline  during  evaporation,  (2)  that  the  condensate  is  not 
acid,  (8)  that  the  residue  obtained  by  evaporating  down  the  filtrate 
from  the  precipitated  silver  chloride  does  contain  the  alkaline  base 
which  has  been  operated  with. 

With  some  salts,  the  extent  to  which  volatilisation  takes  place  is  of 
course  greater  than  that  dealt  with  in  this  paper,  and  even  such 
losses  as  have  been  referred  to  will  affect  the  results  of  some  quanti- 
tative estimations  which  have  involved  the  vaporisation  of  any  con- 
siderable amount  of  wafer  or  acid.  In  the  foremost  rank  of  such 
work  must  always  stand  the  classical  investigations  of  Stas,  r.ot  only 
on  account  of  the  importance  of  the  questions  at  issue,  but  also  from 
the  extreme  care  and  foresight  which  were  brought  to  bear  upon  it. 
I  naturally,  therefore,  re-read  the  account  of  his  experiments  with 
the  special  object  of  seeing  whether  and  to  what  extent  his  results 
may  have  been  affected  by  volatilisation  during  evaporation.  I  do 
•not  propose  to  go  into  this  question  at  present,  but  it  is  abundantly 
clear  that  he  recognised  the  possibility  of  such  an  occurrence  and  in- 
deed he  carried  out  a  special  experiment  in  order  to  satisfy  himself 
on  the  question.  He  says  {loc.  cit.,  p.  204)  : — "  J'ai  voulu  m'assurer  si 
le  chlorure  (silver  chloride)  ne  serait  pas  entraine  avec  la  vapeur  d'eau. 
Dans  cette  intention,  j'ai  condense  la  vapeur  provenant  de  I'evapora- 
tion  des  eaux  de  lavage.     Le  liquide  limpide]  recueilli  est  reste  ab- 
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solutnent  incolore  par  Taddition  d'une  solution  d'acide  sulfhjdrique. 
D'ailleurs,  les  eaux  de  lavage  elles-mcmes  rosfcent  parfaitement  in- 
colores  apres  le  passage  d'un  couranfc  d'acide  sulfhydrique.  Le  depot 
de  soufre,  qui  s'y  prodnit  au  bout  d'un  certain  temps,  etant  chauffe 
suffisamment,  ne  laisse  absolument  aucun  residu.  Je  crois  qu'il  n'est 
pas  dans  la  puissance  de  I'honime  de  decouvrir  de  I'argent  dans  I'eau 
pure  ou  acidulee  par  I'acide  sulfuriqxie  qui  a  re^u  le  contact  du 
chlorure  d'argent.  Je  crois  done  pouvoir  afirmeT  que  le  poids  de 
chlorure  condate  apres  le  lavage  est  biencelui  que  le  chlorate  a  fourni — ni 
plus  ni  nioins.^^ 

It  is  hardly  to  be  wondered  at  that  with  such  a  substance  as 
chloride  of  silver  no  appreciable  amount  was  carried  over.  But  the 
interest  of  the  passage  is,  I  think,  the  greater  in  that  it  clearly  shows 
that  Stas  was  open  to  consider  even  the  possibility  of  a  body  of  so 
small  a  degree  of  volatility  being  "  entraine  avec  la  vapeur  d'eau." 
I  am  far  from  suggesting,  however,  that  this  was  the  only  experiment 
made  by  Stas  in  order  to  test  the  question  of  loss  by  volatilisation 
dui'ing  evaporation.  To  what  extent  such  losses  as  have  been  de- 
scribed would  affect  his  or  other  results,  and  the  question  as  to 
whether  the  means  employed  to  show  that  no  such  loss  did  occur  are 
sufficient,  are  questions  which  require  extremely  careful  experimental 
investigation  before  an  answer  can  be  given.  My  thanks  are  due  to 
Mr.  W.  E.  Sims,  B.Sc,  who  assisted  in  making  several  of  the  earlier 
determinations. 

The  Owens  College, 

Manchester. 


XL. — Action  of  Light  on  Oxalic  acid. 
By  A.  Richardson,  Ph.D,  University  College,  Bristol. 

The  following  investigation  was  undertaken  with  the  view,  if  possible, 
of  throwing  light  on  the  mode  of  formation  of  hydrogen  peroxide  in 
organic  compounds  during  exposure  to  light,  and  as  it  was  found 
that  aqueous  solutions  of  oxalic  acid  readily  yield  hydrogen  peroxide 
under  the  influence  of  light,  a  study  of  the  photochemical  decomposi- 
tion of  this  acid  seemed  well  suited  for  the  purpose  of  gaining  inform- 
ation on  this  point. 

Downs  and  Blunt  {Proc.  Boy.  Soc,  28,  209)  observed  that  aqueous 
solutions  of  oxalic  acid  were  slowly  decomposed  under  the  influence 
of  light,  and  that  carbon  dioxide  was  evolved,  the  residual  liquid 
finally  losing  all  acid  properties.  Duclaux  (Compt.  rend.,  103,  1010)^ 
in  confirming  these  observations,  further  made  use  of  the  decomposi- 
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tion  in  measuring  the  actinic  intensity  of  sunlight.  Both  Downs  and 
Blunt,  and  Duclaux  concluded  that  carbon  dioxide  and  water  were 
the  only  products  of  the  decomposition  of  the  acid ;  but  it  does  not 
seem  clear  from  the  results  published  by  them  that  other  products  of 
oxidation  were  looked  for,  or  proved  to  be  absent.  From  the  experi- 
ments now  to  be  described,  it  will  be  seen  that  hydrogen  peroxide  is 
also  formed  during  the  decomposition  of  the  acid. 

In  the  6rst  experiments  made  to  test  this  point,  a  5  per  cent,  solu- 
tion of  commercially  "  pure  "  oxalic  acid  was  exposed  to  sunlight  for 
six  days.  One  portion  Avas  then  tested  with  a  solution  of  titanic  acid ; 
a  deep  yellow  peroxide  coloration  was  at  once  produced.  Another 
portion  when  tested  with  a  solution  of  potassium  iodide  liberated 
iodine,  which  was  shown  by  the  yellow  coloration.  A  similar  solution 
which  had  been  kept  in  the  dark  failed  to  give  reactions  with  these 
tests.  In  order  to  determine  whether  the  production  of  the  peroxide 
was  due  in  this  case  to  traces  of  impuiity  possibly  present  in  the 
original  acid,  sevei-al  samples  were  obtained  from  different  sources 
and  purified  in  the  following  ways. 

1.  A  quantity  of  the  commercial  product  was  twice  recrjstallised 
from  the  bot  saturated  solution,  care  being  taken  to  drain  and  dry  the 
crystals  after  each  crystallisation. 

2.  A  quantity  of  the  acid  (No.  1)  was  converted  into  the  ammo- 
nium salt  by  neutralisation  with  pure  ammonium  hydrate;  the  barium 
salt  was  then  precipitated  by  adding  barium  chloride,  washed  repeat- 
edly till  free  from  chlorides,  and  decomposed  by  dilute  sulphuinc 
acid,  care  being  taken  to  avoid  excess  of  the  latter.  The  oxalic  acid 
which  was  obtained  on  concentrating  the  filtrate  was  three  times  re- 
crystallised  from  the  aqueous  solution. 

3.  The  next  sample  was  obtained  from  commercially  pure  ammo- 
nium oxalate,  which  was  decomposed  by  calcium  chloride ;  the  pre- 
cipitated calcium  oxalate,  after  being  washed  till  free  from  chlorides, 
was  decomposed  Avith  dilute  sulphuric  acid,  and  the  oxalic  acid  puri- 
fied by  repeated  crystallisations. 

4.  A  portion  of  the  acid  (No.  3)  Avas  dissolved  in  hot  absolute 
alcohol,  filtered,  and  allowed  to  cool.  The  acid  Avhich  crystallised  out 
was  thoroughly  dried  and  twice  recrystallised  f rom  Avater.  The  object 
of  this  treatment  Avas  to  ensure  the  absence  of  traces  of  calcium 
oxalate,  which  it  was  otherwise  difficult  to  remove,  as  it  is  slightly 
soluble  in  strong  aqueous  solutions  of  oxalic  acid. 

5.  A  sample  of  oxalic  acid  sold  by  Burgoyne  as  "  A'ery  pure  "  was 
three  times  recrystallised  from  Avater  before  being  used. 

The  fivj  samples  Avheu  tested  weie  found  to  be  free  from  sulphuric 
acid. 

A  5  per  cent,  solution  of  each  of  these  samples  was  prepared  and 


452  RICHARDSON:   ACTION   OF   LIGHT   ON   OXALIC   ACID. 

exposed  for  a  period  of  five  days  (March  31 — April  4,  1893)  ;  they 
were  then  tested  for  hydrogen  peroxide,  and  it  was  found  that  in 
every  case  the  addition  of  titanic  acid  gave  an  intense  yellow  colora- 
tion, and  when  farther  tested  with  a  solution  of  potassium  iodide, 
iodine  was  liberated.  Other  portions  of  the  same  solutions,  which 
had  been  simultaneously  exposed  to  the  heating  effects  of  the  sun's 
rays,  bat  protected  from  the  light  by  being  enclosed  in  a  blackened  tin 
box,  gave  no  trace  of  coloration  when  tested  as  above. 

It  was  next  necessary  to  confirm  the  presence  of  the  peroxide  by 
the  chromic  acid  and  ether  test ;  this  Avas,  however,  found  to  be  a 
matter  of  some  diflBculty.  In  the  first  place,  the  test  was  applied  to 
a  solution  of  oxalic  acid  which  had  been  exposed,  and  gave  a  well- 
marked  coloi'ation  with  titanic  acid  ;  it  was  found,  however,  that  with 
chromic  acid  the  interaction  of  the  chromic  and  oxalic  acids  destroyed 
the  delicacy  of  the  test,  the  blue  tinge  imparted  to  the  ether  being  so 
faint  that  it  was  by  no  means  conclusive.  An  endeavour  was  there- 
fore made  to  extract  the  peroxide  by  treating  the  oxalic  acid  solution 
with  ether,*  and  to  test  the  ethereal  extract  in  the  manner  described 
in  a  previous  communication  (Trans.,  1893,  63,  1114).  In  this  case 
also  no  satisfactory  proof  of  the  presence  of  the  peroxide  could  be 
obtained,  the  cause  of  failure  being  traced  to  the  fact  that  the  ether 
dissolved  considerable  quantities  of  oxalic  acid,  for  it  was  found 
that  although  the  extract  was  repeatedly  passed  through  dry  filter 
paper  to  remove  aqueous  particles  in  suspension,  yet  the  ether 
was  now  strongly  acid  to  litmus,  and  left  a  residue  of  oxalic  acid 
after  evaporation.  It  seemed  possible,  however,  that  the  solubility 
of  the  acid  in  the  ether  might  be  due  to  the  presence  of  alcohol 
in  the  latter.  A  fresh  quantity  of  ether  was  therefore  treated  re- 
peatedly with  phosphorus  pentoxide  until  it  was  without  action  on 
fresh  pentoxido  when  distilled  from  it;  but  on  shaking  this  sample 
with  solutions  of  oxalic  acid,  it  was  found  that  the  acid  was  dis- 
solved as  before.  The  ditticulty  was  finally  overcome  by  converting 
the  acid,  after  exposure,  into  the  ammonium  salt ;  as,  however, 
neutralisation  of  the  acid  by  ammonium  hydrate  was  found  to  involve 
too  great  a  loss  of  the  peroxide,  the  following  method  was  adopted. 
A  quantity  of  the  acid  was  exposed,  and  then  treated  with  excess  of 
pure  normal  ammonium  oxalate;  the  free  acid  was  thus  converted  into 
ammonium  hydrogen  oxalate.  The  solution  was  now  treated  with 
ether  as  in  the  previous  cases,  and  the  ethereal  extract,  which  was 
free  from  oxalates,  tested  with  chromic  acid;  a  deep  blue  colour 
was  now  produced  in  the  ether,  leaving  no  doubt  as  to  the  presence 

*  The  ether  used  had  been  carefully  purified  by  treatment  with  potassium 
dichromate  and  sulphuric  acid.  It  wps  free  from  hydrogen  peroxide  and  was 
neutral  to  litmus. 
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of  peroxide  in  the  solution.  A  blank  experiment  made  with  oxalic 
acid  whicli  Lad  not  been  exposed,  when  treated  in  the  same  way, 
showed  that  no  peroxide  was  formed. 

These  experiments  seem  to  leave  no  doubt  as  to  the  foi'mation  of 
hydrogen  peroxide  in  solutions  of  oxalic  acid  daring  exposure  to 
light. 

The  next  experiments  were  made  to  ascertain  how  far  the  presence 
of  oxygen  was  necessary  for  its  formation.  Two  bulbs,  each  contain- 
ing 50  c.c.  of  N/10  oxalic  acid,  were  taken  ;  the  liquid  in  the  first 
was  boiled  and  the  neck  of  the  flask  sealed  while  steam  was  issuing 
freely,  the  mouth  of  the  second  bulb  being  protected  from  dust  but 
open  to  the  air.  After  an  exposure  of  10  days  (October  10 — 19),  the 
two  solutions  were  tested  with  titanic  acid.  The  first  remained 
colourless,  showing  that  the  peroxide  was  absent,  whilst  the  yellow 
coloration  produced  in  the  second  proved  that  it  had  been  freely 
formed.  The  same  result  was  obtained  when  the  solution  in  the 
bulb  was  sterilised  by  boiling,  the  neck  of  the  flask  being  plugged 
with  cotton-wool,  so  that  filtered  air  entered  the  bulb  as  it  cooled. 
It  may  here  be  mentioned  also  that  the  rays  at  the  red  end  of  the 
spectrum  failed  to  induce  the  formation  of  the  peroxide  in  the  acid, 
a  solution  of  oxalic  acid  contained  in  a  red  glass  bottle  and  exposed 
behind  two  thicknesses  of  ruby  glass,  giving  no  trace  of  yellow  with 
titanic  acid,  even  after  an  exposure  of  28  days  (March  31 — April  28). 

It  was  also  found  that  the  formation  of  the  peroxide  occurs  at  low 
temperatures.  Thus,  in  one  experiment,  solutions  of  the  acid  were 
frozen  and  exposed  for  seven  days  in  December ;  as  the  temperature 
of  the  air  scarcely  rose  above  0°  during  this  time,  some  ice  was  always 
present  in  the  solution  ;  when  tested  with  titanic  acid,  it  gave  a  well 
marked  peroxide  coloration. 

Other  points  with  regard  to  the  behaviour  of  the  peroxide  in 
presence  of  oxalic  acid  will  be  reserved  for  consideration  at  a  later 
stage  of  the  inquiry. 

From  the  results  so  far  obtained,  it  is  seen  that — 

1.  Hydrogen  peroxide  is  formed  in  solutions  of  pure  oxalic  acid, 
under  the  conjoint  influence  of  light  and  oxygen ;  and  that  pre- 
vious sterilisation  at  100°  does  not  appear  to  appreciably  influence 
the  rate  of  its  formation. 

2.  Its  formation  in  solutions  of  the  acid  by  exposure  to  light 
is  not  prevented  by  a  temperature  of  0°. 

3.  No  hydrogen  peroxide  is  formed  in  solutions  of  oxalic  acid,  (a) 
when  exposed  to  sunlight  in  absence  of  oxygen ;  (b)  when 
exposed  to  rays  of  low  refrangibility  only,  in  presence  of  oxygen ; 
(c)  when  protected  from  light  in  presence  of  oxygen. 
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It  now  became  of  interest  to  study  the  decomposition  of  the  acid 
and  to  ascertain  the  relation  of  the  peroxide  to  the  other  product  or 
products  formed,  and  for  this  purpose  it  was  first  necessary  to  deter- 
mine whether  decomposition  of  the  acid  occurred  in  the  dark. 

According  to  Bizio  (Zeit.f.  Ghem.,  6,52),  dilute  solutions  of  oxalic 
acid  undergo  slow  oxidation  in  presence  of  air,  the  decomposition 
increasing  in  rate  with  the  rise  in  temperature. 

Thus,  in  one  experiment,  started  in  winter,  a  solution  containing 
0*4  gram  of  acid,  made  up  to  a  litre  with  water,  lost  all  acid  pro- 
perties after  eight  months,  while,  at  a  temperature  of  25 — 31°, 
decomposition  was  complete  after  one  month.  Solutions  of  greater 
strength  were  not  found  to  decompose  in  this  way.  Neubauer  {Zeit. 
anal.  Ghem.,  9,  1870,  p.  392)  states  that  N/IO  solutions  of  oxalic  acid 
gradually  undergo  decomposition,  but  that  they  retain  their  stability 
if  previously  heated  to  70°  in  sealed  tubes.  He  concludes,  therefore, 
that  decomposition  is  due  to  the  presence  of  vegetable  organisms.  As 
no  mention  was  made  by  either  of  these  observers  as  to  whether  light 
was  excluded  during  the  experiments  or  not,  it  was  necessary  to  i-epeat 
them  in  the  dark. 

Solutions  of  pure  oxalic  acid  of  known  strengths  (both  of  nearly 
N/lOO  strength)  were  placed  in  stopper-ed  bottles,  20  c.c.  in  each, 
protected  from  the  light,  and  kept  at  30°  in  an  incubator  for  one 
month,  and  then  titrated,  the  results  being  given  in  Table  I,  A. 

Solutions  of  the  same  strength  as  before  were  sterilised  by  heating 
at  100°  for  one  bour;  these,  together  with  similar  solutions,  not  pre- 
viously sterilised,  were  contained  in  plugged  flasks  and  also  kept  in 
the  incubator  for  one  month.  The  results  of  titration  are  given 
under  B. 

Three  of  the  stock  solutions  from  which  A  and  B  were  taken  vrere 
kept  in  a  dark  cupboard  for  six  weeks.     On  examination,  traces  of 


Table  I 

Strength  of  acid  before 

A. 

B. 

C. 

experiment. 

c.c.  N/100 
KMnO^ 
required. 

Sterilised 

(Jnsterilised 

CO.  N/100 

NaHO 

required. 

N/100 
KMn04 
required. 

c.c.  N/100 

N/100 

NaHO 

required. 

c.c.  N/100  KMn04 
required. 

KMn04 
required. 

104-0 

10-4 

5-2 

1-0 

101-0 
9-9 
5-0 
1-0 

100-0 

10-0 

5-0 

1-2 

109-0 
11-1 

1-2 

110-0 
11-2 

1-0 

10-4 
5-2 
1-0 

10-1 
5-1 
1-0 
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vegetable  growth  were  visible,  and  cultures  were  made  on  beef  jelly 
with  3  drops  of  the  solution ;  in  each  case  an  abundant  crop  of 
moulds  appeared  after  two  days'  incubation.  These  solutions  (after 
six  weeks)  were  titrated,  the  numbers  being  given  under  C. 

The  numbers  in  this  table  represent  the  volumes  of  N'/lOO  sodium 
hydrate  and  permanganate,  respectively,  which  are  required  for  10  c.c, 
of  oxalic  acid  solution  in  each  case. 

Here  it  is  seen  that  after  one  month  the  strength  of  A  is  unaltered 
as  estimated  with  N/l  00  permanganate  ;  in  B  the  strengths  of  the 
sterilised  and  unsterilised  solutions  agree  very  closely  amongst  them- 
selves, although  a  comparison  of  the  numbers  with  those  in  the  first 
column  show  that  the  solutions  are  stronger  at  the  end  of  the  experi- 
ment than  at  first,  owing,  no  doubt,  to  the  evaporation  of  a  portion 
of  the  water  through  the  cotton-wool  plugs.  The  results  given  in  C 
are,  perhaps,  the  most  interesting,  since  it  is  seen  that  although 
organisms  have  developed,  the  volume  of  alkali  required  for  neutral- 
ising the  acid  and  that  of  permanganate  required  for  its  oxidation  is 
almost  identical  with  that  required  at  the  beginning  of  the  experi- 
ment.* In  this  case,  it  would  appear  that  the  amount  of  decomposi- 
tion produced  by  the  organism  is  so  small  as  to  escape  detection  by 
the  tests  used. 

That  no  perceptible  decomposition  occurs  in  solutions  of  greater 
strength  than  those  used  above  has  been  repeatedly  proved.  Thus, 
in  one  case,  a  solution  of  normal  oxalic  acid  was  kept  for  over  12 
months  in  the  dark  without  showing  any  decrease  in  strength. 

These  experiments  sufficiently  illustrate  the  stability  of  the  acid  in 
the  presence  and  absence  of  organisms  when  light  is  excluded;  I 
hope,  however,  to  further  consider  the  influence  of  organisms  on  the 
decomposition  of  the  acid  during  exposure,  in  a  later  communication. 

It  was  next  necessary  to  determine  how  far  decomposition  of  the 
acid  occurred  at  100°.  This  point  was  one  of  importance,  since  it 
affects  the  accuracy  of  subsequent  experiments.  Charles  {Go'mpt. 
rend.,  71,  226,  1870)  observed  that  strong  solutions  of  oxalic  acid 
were  decomposed  at  100°,  yielding  formic  acid  and  carbon  dioxide ; 
for  on  passing  a  current  of  air  or  of  an  inert  gas  through  such  solu- 
tions the  issuing  gas  reduced  solutions  of  silver  nitrate  and  gave  a 
precipitate  of  carbonate  in  solutions  of  barium  hydrate. 

To  test  this  point,  solutions  of  normal,  N/10,  N/100,  N/1000  oxalic 
acid  were  heated  at  100°  for  three  hours,  a  current  of  air  being 
aspirated  through  eacli  solution  during  the  whole  time.  The  air,  ou 
leaving  the  solution,  was  led  into  a  bulb  containing  a  solution  of 
silver  nitrate  and  then  into  one  of  barium  hydrate  solution. 

*  The  first  of  the  sohitions  in  C  was  again  tested  after  tliree  months,  and 
although  rich  in  organisms,  showed  no  decrease  in  strength. 
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The  experiment  was  conducted  in  a  dark  room.  No  reduction  of 
silver  or  precipitation  of  carbonate  could  be  detected  in  any  of  the 
solutions  during  the  first  hour  ;  towai-ds  the  end  of  the  experiment, 
however,  the  normal  solution  showed  signs  of  decomposition,  a  slight 
reduction  of  the  nitrate  and  turbidity  of  the  hydi-ate  being  observed. 
By  this  time,  about  half  the  water  used  to  dissolve  the  acid  had  been 
carried  over  into  the  bulbs,  leaving  the  solution  very  concentrated. 

The  rest  of  the  solutions  showed  no  indication  of  decomposition  up 
to  the  end  of  the  experiment.  On  repeating  the  experiment  with  a 
stronger  solution  (saturated  in  the  cold)  gradual  decomposition  was 
observed  to  take  place  soon  after  the  experiment  was  started. 

It  is  thus  seen  that  at  100°  slow  decomposition  occurs  in  very  con- 
centrated solutions  of  oxalic  acid,  but  that  solutions  of  the  acid  of 
strength  below  the  normal  are  stable  even  after  prolonged  heating  at 
this  temperature. 

The  next  point  was  to  ascertain  whether,  as  stated  by  Downs  and 
Blunt,  complete  oxidation  of  the  carbon  occurs  under  the  influence  of 
light,  or  whether  intermediate  products  of  decomposition  are  also 
formed.  A  preliminary  experiment  with  a  5  per  cent,  solution  of 
oxalic  acid,  hermetically  sealed  in  a  flask  containing  oxygen,  and  ex- 
posed for  five  days,  showed  that  carbon  dioxide  was  liberated  during 
exposure,  as  air  aspirated  through  the  flask  into  a  solution  of  barium 
hydrate  gave  a  dense  precipitate  of  carbonate. 

The  next  experiment  shows  that  this  decomposition  is  not  prevented 
by  previous  sterilisation.  50  c.c.  of  N/10  oxalic  acid  were  sterilised  at 
100°  for  one  hour,  and  exposed  in  presence  of  oxygen  for  nine  days 
in  a  sealed  flask ;  a  similar  sample  not  previously  sterilised  being  also 
exposed  under  the  same  conditions.  On  aspirating  the  gaseous  con- 
tents of  the  two  flasks  into  solutions  of  barium  hydrate,  dense 
precipitates  of  barium  carbonate  were  formed  in  each  case. 

This  preliminary  point  having  been  decided,  it  was  next  necessary 
to  estimate  the  carbon  dioxide  evolved  from  the  decomposition  of  a 
known  weight  of  acid.  A  comparison  of  .the  values  so  obtained  with 
those  calculated  on  the  supposition  that  complete  oxidation  of  the 
carbon  has  occurred,  would  indicate  how  far  carbon  dioxide  is  the 
only  carbon  compound  formed. 

The  following  method  was  employed  :  a  measured  volume  of  oxalic 
acid  of  known  strength  was  introduced  into  a  flask  A  (Fig.  1)  of 
2  litres  capacity,  provided  with  an  inlet  and  exit  tube,  B,  C,  the  air 
was  displaced  by  oxygen  (free  from  carbon  dioxide),  and  the  tubes 
drawn  out  and  sealed.  The  flask  was  then  exposed  ;  after  exposure, 
the  inlet  tube  B  was  connected  with  the  washing  tubes  D,  E,  con- 
tainino"  solutions  of  sodium  hydrate  and  barium  hydrate  respectively  ; 
F  served  as  a  washing  bulb,  and  contained  water.     The  exit  tube  C 
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was  connected  through  the  empty  bulb  G  with  the  absorption  tubes* 
H,  I,  J,  containing  measured  volumes  of  a  solution  of  barium  hydrate  ; 
the  strength  of  the  latter  having  been  estimated,  immediately  before 


Yia.  1. 


^HOT 


l^^ 


rjv^ 


filling  the  tubes,  by  titration  with  a  solution  of  N/10  hydrochloric  acid 
and  phenolphthalein.  The  drawn-out  ends  of  B  and  C  were  then 
broken  off  beneath  the  indiarubber  connections,  and  a  slow  current  of 
air  aspirated  through  the  series,  J  being  connected  with  a  water 
pump. 

Towards  the  close  of  the  operation,  lasting  from  1 — 2  hour^,  the 
liquid  in  A  was  boiled  to  expel  dissolved  carbon  dioxide.  The  con- 
tents of  G,  H,  and  I  were  titrated  with  N/IO  hydrochloric  acid ;  frora 
the  difference  observed  between  the  volume  of  acid  required  before- 
and  after  the  experiment,  the  weight  of  carbon  dioxide  liberated  by 
the  decomposition  of  the  oxalic  acid  was  obtained.  Two  results  are- 
first  given — I,  II — where  the  duration  of   exposure  was  insufficient 


I. — 100  ex.  of  Oxalic  acid  Solution  taTcen. 
(March  17—24). 


Exposed  for  7  Days 


a.  Estimation  of  HJC2O4. 


I.  Estimation  of  CO-.. 


Weight  of  H2C2O4  taken   =  06168  gram. 
„                „      found   =  0-4088      „ 
„               „      decom- 
posed =  0-2140      „ 
COjCalculated  =  01494      „ 


Per  cent.  CO2 


=  69-8400 


Ba(0H)2  taken  =  150       c.c. 

N/10  HCi  required  before  =  117-36  „ 
after    =    78-15   „ 
CO2  found  =0-1468gr. 

CO2  per  cent,  found  =  6916     „ 


*  The  source  of  error  most  difficult  to  guard  against  in  these  determinations  was 
that  due  to  the  loss  of  carbon  dioxide  through  incomplete  absorption  by  the  barium 
hydrate,  which  was  necessarily  weak  ;  the  absorption  apparatus  here  used  weie 
specially  designed  to  overcome  this  difficulty  (see  p.  469) . 
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to  bring  about  the  decomposition  of  all  the  acid  taken.  To  obtain  the 
weight  of  acid  decomposed,  the  residual  acid  was  estimated  with 
!N/10  solution  of  sodium  hydrate,  as  shown  under  a.  The  numbers 
obtained  on  titrating  the  solutions  of  barium  hydrate,  before  and  after 
the  absorption  of  carbon  dioxide,  are  given  under  b. 

II. — 100  ex.  of  Oxalic  acid  Solution  taken.     Exposed  25  Days 
{September  2Q— October  20). 


a.  Estimation  of  IJ2C2O4. 


Weight  of  H2C2O4  taken   =  0-6300gram. 
„               „      found   =  0-4473      „ 
„               „      decom- 
posed =  0-1827      „ 
„         COocalcuIated  =  0-127C      „ 


Per  cent.  CO., 


=  69-8400 


b.  Estimation  of  COo 


Ba(0H)2  taken  =  100       c.c. 

N/10  HCl  required  before  =  132-60   „ 
„  „  after     ==    75-00   „ 

CO2  found  =  01267  gr. 

COo  per  cent,  found  =    6933   „ 


The  solutions  when  tested  were  found  to  contain  hydrogen  per- 
oxide. Here  the  weights  per  cent,  of  carbon  dioxide  found,  namely, 
69*16  and  69'33,  are  seen  to  agree  well  with  that  calculated,  namely, 
69*84.  As,  however,  the  estimation  of  residual  oxalic  acid  involves 
the  supposition  that  other  decomposition  products,  capable  of  neu- 
tralising the  standard  alkali,  are  absent,  a  second  experiment  was 
made  in  which  the  period  of  exposure  was  sufficiently  prolonged  to 
cause  complete  decomposition  of  the  acid.  The  following  result  was 
obtained. 

III. — 100  c.c.  of  a  Solution  of  Oxalic  acid  taken.     Exposed  for  56  Days 
{July  27 — September  21). 


a.  Estimation  of  H2C2O4. 

b.  Estimation  of  COj. 

Weight  of  acid  taken         =    0315  gram. 
„     found         =    0-000      „ 
„              „    decom- 
posed    =    0-315      „ 
CO2  calculated  =    0-220      „ 
Per  cent.  CO2           „          =  69840      „ 

Ba(OH),  taken                     -=  150        c.c. 
N/10  HCl  required  before  =  177-36    ., 
„        after    =    77-42   „ 
CO2  found                            =0-2198   „ 
CO2  per  cent,  found            =    69-78   „ 

Here  a  still  closer  agreement  is  seen,  69*78  per  cent,  of  carbon 
dioxide  being  found,  as  against  the  theoretical  value  of  69*84  per 
cent.  On  examining  the  residual  liquid  in  the  flask,  it  was  found  to 
be  neutral  to  delicate  litmus,  and,  as  was  to  be  expected,  failed  to 
give  any  turbidity  on  warming  with  a  solution  of  calcium  chloride. 
A  solution  of  titanic  acid  now  failed  to  produce  the  peroxide  coloration 


RICHARDSON:   ACTlOxV  OF  LIGHT   Ov  OXALIC   ACID.         459 

when  added  to  the  liquid,  thus  showing  that  when  decomposition  of 
the  acid  is  complete  the  pei'oxide  first  formed  gradually  disappears. 

The  result  seems  clearly  to  prove  that  during  the  decomposition  of 
aqueous  solutions  of  oxalic  acid  in  presence  of  light  and  oxygen,  the  car- 
bon in  each  molecule  decomposed  is  set  free  as  carbon  dioxide,  and  that 
intermediate  oxidation  products  are  finally  absent.  Further,  the 
results  obtained  in  the  solutions  in  which  a  portion  only  of  the  acid 
was  decomposed  leads  one  to  conclude  that  the  oxidation  of  the 
carbon  is  complete  at  the  intermediate  stage  and  throughout  the 
process  of  decomposition. 

From  these  results  it  would  appear  that  the  formation  of  hydrogen 
peroxide  during  the  decomposition  is  due  to  the  direct  oxidation  of 
the  hydrogen  of  the  acid.  For  it  does  not  seem  possible  to  trace  its 
production  to  secondary  changes,  such  as  those  observed  by  Kingsett 
{Chem.  Soc.  J.,  1874,  511),  as  giving  rise  to  its  formation  during  the 
oxidation  of  the  terpenes  in  presence  of  water,  or  by  Berthelot 
(Compt.  rend.,  108,  543)  in  accounting  for  its  presence  in  ether  under 
the  influence  of  light  and  oxygen.  The  decomposition  of  the  acid  may 
thus  be  represented  by  the  following  equation,  if  we  suppose  it  to  be 
completely  resolved  into  carbon  dioxide  and  hydrogen  peroxide, 

o:c-OH  ^  Q      2CO2  +  H2O,. 
o:c-OH 

The  question  which  now  presents  itself  is,  how  far  does  the  amount 
of  hydrogen  peroxide  found  in  the  solution  correspond  with  that 
required  by  this  equation  ?  Experiments  showed  that  when  solutions 
of  the  acid  were  exposed  in  open  flasks,  the  peroxide  evolved  from  a 
known  weight  of  acid  decomposed  rarely  reached  one-tenth  of  that 
calculated  from  this  equation.  As,  however,  the  amount  was  found 
to  vary  considerably  with  the  conditions  of  the  experiment,  it  was 
necessary  to  ascertain  those  most  favourable  to  its  formation,  and  to 
determine  whether  any  interaction  of  the  oxalic  acid  and  hydrogen 
peroxide  occurred. 

It  will  be  convenient  first  to  consider  the  decomposition  of  the 
acid  when  exposed  in  presence  of  dilute  sulphuric  acid,  for  under 
these  circumstances  changes  were  emphasised  which,  though  occur- 
ring in  the  aqueous  solutions,  had  previously  escaped  notice. 

The  stability  of  oxalic  acid  in  presence  of  the  mineral  acid,  at  the 
ordinary  temperature  and  protected  from  light,  was  first  tested. 
Equal  volumes  of  a  N/10  solution  of  oxalic  acid,  containing  different 
weights  of  sulphuric  acid,  were  kept  in  the  dark  for  one  month.  The 
strength  of  the  oxalic  acid  was  determined  by  titration  with  perman- 
ganate at  the  beginning  of  the  experiment,  and  at  its  close  ;  the 
results  ore  seen  from  the  following  table. 

2  E  2 


460  RICHARDSON:    ACTION   OF   LIGHT   ON   OXALIC   ACTD. 

Table  II. 


Grams  of  H2SO4  per 
100  c.c. 

c.c.  N/lOO  KMn04  required  per  1  c.c.  of 

acid  (the  solution  was  made  N/iOO  before 

testing). 

Before  experiment. 

After  1  month. 

1-8 

4-5 

9-0 

13-5 

18-0 

22-5 

10-3 

10-25 
10-20 
10-20 
10-30 
10-15 
10  -20 

In  the  next  experiment,  the  influence  of  a  higher  temperature  on  a 
mixture  of  the  two  acids  in  the  absence  of  light  was  observed. 
50  c.c.  of  a  solution  of  N/10  oxalic  acid,  containing  10  c.c.  of  dilute 
sulphuric  acid  (1:4),  were  heated  at  a  temperature  of  70 — 80°,  for 
seven  days,  in  a  sealed  tube.  Air  (free  from  carbon  dioxide)  was 
then  aspirated  through  the  solution  into  one  of  barium  hydrate,  for 
half  an  hour.  No  turbidity  was  produced,  showing  that  at  higher 
temperatures  no  decomposition  had  occurred.*  In  another  experi- 
ment, 100  c.c.  of  a  solution  of  IST/IO  oxalic  acid  and  25  c.c.  of  dilute 
sulphuric  acid  were  heated  at  100°  in  a  water  bath  for  three  hours, 
air  being  drawn  continuously  through  the  solution  into  barium 
hydrate.  In  this  case  also,  the  hydrate  remained  clear  up  to  the  end 
of  the  experiment. 

It  is  thus  seen  that  the  presence  of  dilute  sulphuric  acid  fails  to 
induce  decomposition  in  solutions  of  oxalic  acid,  either  at  the  ordinary 
temperature  or  at  100°,  provided  light  is  excluded.  When  mixtures 
of  the  two  acids  are  exposed,  however,  a  rapid  decomposition  of  the 
oxalic  acid  is  observed.  This  was  shown  in  an  experiment  in  which 
two  solutions  of  oxalic  acid  were  exposed  under  precisely  similar  con- 
ditions :  (1)  containing  5  c.c.  of  dilute  sulphuric  acid  (1:4),  whilst 
in  (2)  the  mineral  acid  was  absent.  The  carbon  dioxide  evolved  after 
an  exposure  of  seven  days  (October  26 — November  3)  was  estimated  ; 
in  (1)  0"06  gram  of  carbon  dioxide  had  been  evolved,  whilst  in  (2) 
0*008  gram  had  been  formed. 

Some  interesting  points  were  observed  with  regard  to  the  forma- 
tion of  the  peroxide  in  solutions  in  which  sulphuric  acid  was  present. 
These  are  illustrated  in  the  following  experiment. 

*  When  the  experiment  was  made  it  was  thought  that  this  method  of  detecling 
a  small  amoimt  of  decomposition  was  more  accurate  than  that  of  titration.  I  ha\o 
«ince  abandoned  it,  however,  as  less  accurate. 
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A  series  of  solutions,  each  containing  25  c.c.  of  N/IO  oxalic  acid 
and  10  c.c.  of  dilute  sulphuric  acid  (1  :  4),  were  made  up  to  50  c.c. 
with  water,  and  exposed  together  with  a  similar  series  from  which 
sulphuric  acid  was  absent.  After  exposures  of  different  durations, 
the  residual  oxalic  acid  and  hydrogen  peroxide  in  the  solutions  were 
estimated.     The  results  are  given  in  Table  III. 

Table  III. 
A.  H2SO4  present. 


I. 

Time  of 

IL 

c.c.  N/100  KMnO^  re- 
quired for  10  c.c. 

IIL 

Correc- 
tion for 
HoO.. 

IV. 

H2C2O4  de- 
composed 
in  10  c.c. 

V. 

H2O2 
found. 

exposure. 

Before 
exposure. 

After 
exposure. 

in  10  c.c. 

1  hour    

3  hours 

1  day 

2  days 

4  „     

8     „     

50-0 

49-30 
49-12 
46-50 
45-00 
39-50 
30-85 

0-21 
0-40 
0-38 
0-21 
0-11 
0-08 

0-9 
1-3 
3-9 
5-1 
10-6 
19-0 

0-75 

1-40 

1-35 

0-75 

0-4 

0-3 

Table  IIIa. 
B.  H2SO4  absent. 


Time  of 
exposure. 

VI. 

C.c.  N/100  KMn04  re- 
quired for  10  c.c. 

VIL 

Correc- 
tion for 
H2O2. 

VIII. 

H2C2O4  de- 

composed 
in  10  c.c. 

'     IX. 

H2O2 
found. 

in  10  c.c. 

1  day 

2  days 

4     „     

s   „   

50-0 
>> 

50-0 

49-25 
49-00 

47-50 

0-10 
0-17 

0-29 

0-85 
1-17 

2-79 

0-35 
0-60 

1-05 

In  this,  and  in  subsequent  experiments,  the  hydrogen  peroxide  was 
estimated  by  means  of  a  standard  titanium  solution,  as  already 
described  (Trans.,  1893,  63,  1111).  In  the  above  table,  the  number 
of  c.c.  of  the  standard  solution  required  for  10  c.c.  of  acid  are  given  in 
Columns  V  and  IX. 

In  order  to  estimate  the  residual  oxalic  acid,  in  presence  of  hydro- 
gen peroxide  and  sulphuric  acid,   10  c.c.  of   the  solution  was  first 
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titrated  with  N/100  permanganate,  the  volume  decolorised  being  thus 
a  measure  of  the  oxalic  acid  and  hydrogen  peroxide  present.  To 
allow  for  the  error  introduced  by  the  peroxide,  a  correction  was  made 
for  the  volume  decomposed  by  the  latter.  The  standard  titanium 
solution  used  in  the  estimation  of  the  peroxide  was,  in  all  cases,  of 
such  a  strength  that  1  c.c.  represented  0"000048  gram  of  the  peroxide  ; 
it  was  therefore  equivalent  to  0"285  c.c.  of  N/100  permanganate. 
The  volume  decolorised  by  the  peroxide  could  thus  be  found ;  it  is 
given  in  columns  111  and  VII.  This,  when  deducted  from  the  total 
volume  originally  decolorised,  gave  the  number  of  c.c.  decolorised  by 
the  acid  only.  The  difference  between  this  value  and  that  obtained 
for  10  c.c.  of  the  solution  before  exposure  gives  the  amount  of  acid  de- 
composed ;  this  being  expressed  in  c.c,  of  permanganate  in  Columns  IV 
and  VIII.  The  numbers  in  this  table  show :  (1)  that  after  an 
exposure  of  three  hours,  hydrogen  peroxide  was  formed  in  A,  corre- 
sponding to  1'4  c.c.  of  titanium  solution,  whilst  in  B  it  was  repre- 
sented by  0'35  c.c. ;  (2)  that  after  an  exposure  of  8  days,  it  was 
reduced  in  A  to  0'3  c.c,  whilst  in  B  it  had  increased  to  1*05  c.c.  In 
other  words,  the  first  effect  of  light  on  solutions  of  oxalic  acid  in 
presence  of  sulphuric  acid  is  to  cause  a  steady  rise  in  the  amount  of 
the  peroxide  formed,  reaching  a  maximum  after  an  exposure  of  two 
days  (in  the  present  case),  and  then  a  steady  decrease  as  the  exposure 
is  continued,  no  such  decrease  being  apparent  when  sulphuric  acid 
is  absent.* 

The  true  explanation  seems  to  be  indicated  by  the  following  ex- 
periment. A  current  of  air  was  passed  through  the  solution  in  which 
the  hydrogen  peroxide  had  been  reduced  to  0"3  c.c.  by  eight  days' 
exposure ;  it  was  then  again  exposed  for  three  hours,  10  c.c.  now 
required  2'3  c.c.  of  standard  colour. 

In  the  next  experiment  a  current  of  oxygen  was  passed  through 
solutions  of  the  two  acids  during  the  entire  period  of  exposure,  the 
solutions  being  of  the  same  strength  as  in  the  previous  case.  Com- 
pressed oxygen  was  used,  after  being  passed  through  a  concentrated 
solution  of  sodium  hydrate,  and  then  through  water.  The  following 
are  the  results  obtained. 

A  comparison  of  these  results  with  those  in  Table  IIIa  (p.  461) 
shows  that,  although  the  amount  of  decomposition  of  the  oxalic  acid 
is  much  greater  in  the  present  case,  yet  the  very  large  increase  in 
the  yield  of  peroxide  is  not  due  to  this  cause  alone,  as,  for  a  given 
amount  of  acid  decomposed,  the  amounts  of  pet-oxide  formed  are  very 
different.      The  greater  stability  of  the  peroxide  must,  therefore,  bo 

•  Similar  results  were  obtained  when  the  gas  above  the  solution  was  constantly 
displaced  by  fresh  air,  so  as  to  prevent  the  accumulation  of  carbon  dioxide. 
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Table  IV. 


Time  of 

c.c.  N/100  KMnO^  re- 
quired for  10  c.c. 

Correction 

for  H2O2 

(in  10  c.c). 

HiC.04 

decomposed 

iu  10  c.c. 

H2O.. 

found 

in  10  c.c. 

exposure. 

Before 
exposure. 

After 
exposure. 

1  day 

4  days 

11     „     

16     „     

50-0 

42-50 

30-50 

11-50 

6-00 

1-9 

2-7 
2-1 
0-7 

9-4 
22-2 
40-6 
44-7 

6-75 

9-50 
7-50 
2-60 

in  some  way  directly  due  to  the  current  of  gas  passed  through  the 
solution. 

The  next  experiment  was  made  in  order  to  determine  whether  this 
effect  of  the  gas  was  to  be  accounted  for  by  its  having  removed  dis- 
solved carbon  dioxide  from  the  solution.  A  solution  of  oxalic  acid, 
acidified  with  dilute  sulphuric  acid,  was  divided  into  two  parts ; 
through  the  first,  carbon  dioxide  and  oxygen  were  passed  for  half  an 
hour;  through  the  second,  oxygen  was  passed  for  the  same  time. 
The  solutions  were  then  exposed  to  bright  sunlight  for  three  hours, 
and  tested  with  titanic  acid ;  the  depth  of  colour  produced  in  the  two 
solutions  was  practically  identical.  In  another  experiment,  the  gases 
were  passed  through  the  solutions  during  an  exposure  of  three  hours ; 
the  peroxide  formed  after  this  time  was  estimated  ;  10  c.c.  of  the 
solution  through  which  oxygen  and  carbon  dioxide  had  been  passed 
required  1-65  c.c.  of  standard  solution,  whilst  an  equal  volume  of 
the  solution  exposed  in  excess  of  "  pure  "  oxygen  required  1"9  c.c.  It 
is  thus  seen  that  the  presence  of  carbon  dioxide  in  the  solution  does 
not  in  itself  prevent  the  formation  of  the  peroxide,  provided  excess  of 
oxygen  is  also  present. 

The  next  experiment  shows  that  the  removal  of  oxygen  causes  its 
rapid  decomposition  in  the  solution.  A  solution  of  the  tv,^o  acids 
was  exposed  for  three  days  in  a  stream  of  oxygen.  10  c.c.  of  the 
solution  now  contained  hydrogen  peroxide  represented  by  3'7  c.c.  of 
standard  colour.  A  current  of  carbon  dioxide  was  then  substituted 
for  the  oxygen,  the  solution  being  again  exposed  for  three  hours;  on 
then  testing  the  solution,  no  trace  of  peroxide  could  be  detected. 
Thus,  it  appears  that  under  the  influence  of  light,  the  stability  of  the 
peroxide,  in  a  solution  of  oxalic  acid,  is  maintained  in  presence  of 
excess  of  oxygen,  while  the  absence  of  the  latter  allows  of  its  rapid 
decomposition. 

These   experiments  seem   to   point  to  the   following   conclusions. 
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Solutions  of  oxalic  acid  are  decomposed  by  ligbt,  giving  rise  to : — 
a.  The  production  of  hydrogen  peroxide  when  oxygen  is  in  excess, 
the  stability  of  the  peroxide  when  formed  being  dependent  on  the 
presence  of  oxygen.  6.  The  withdrawal  of  oxygen  from  the  solution. 
Any  influence,  therefore,  which  increases  the  rate  of  decomposition 
of  the  acid,  also  increases  the  effects  a  and  h.  Of  such  influences, 
sulphuric  acid  is  an  example  as  Table  III  shows.  It  follows,  there- 
fore, that  the  first  effect  of  light  on  two  solutions  I  and  II  containing 
the  same  amount  of  oxygen  in  solation  in  the  first  instance,  sulphuric 
acid  being  present  in  I,  and  absent  from  II,  will  be  to  give  rise  to 
more  peroxide  in  I  than  in  II.  This  is  clearly  shown  in  the  early 
readings  of  Table  II  (p.  460),  for  which  we  may  suppose  sufficient 
oxygen  to  be  still  present  in  solution,  to  ensure  stability  of  the  per- 
oxide ;  at  the  same  time,  the  effect  of  a  is  making  itself  increasingly 
felt  in  both  solutions,  more  rapidly  in  I,  however,  than  in  II.  This 
is  also  shown  clearly  in  the  latter  readings  of  the  same  series,  the 
amount  of  peroxide  being  actually  diminished  with  prolonged  ex- 
posure in  I,  whilst  it  continues  to  increase  in  II.  The  view  that 
this  was  really  due  to  dissolved  oxygen  being  used  up  more  rapidly 
than  it  could  be  supplied  from  the  air,  is  farther  borne  out  by  the 
results  of  Table  IV  (p.  463),  when,  by  keeping  the  liquid  saturated 
with  oxygen,  the  amount  of  peroxide  formed  is  enormously  in- 
creased. 

It  now  became  interesting  to  ascertain  whether  similar  results 
could  not  be  obtained  by  accelerating  the  rate  of  decomposition  of 
the  oxalic  acid  by  means  which  did  not  involve  the  use  of  sulphuric 
acid.  Early  experiments  showed  that  the  rate  of  decomposition  of 
the  acid  in  a  given  volume  increased  with  its  concentration.  Here  it 
seemed  reasonable  to  expect  results  in  this  case  similar  to  those 
obtained  with  sulphuric  acid. 

In  the  next  experiment,  therefore,  solutions  of  oxalic  acid  of  dif- 
ferent strengths  were  exposed  to  light  in  flasks  to  which  air  had  free 
access,  but  no  gas  was  passed  through  the  solution ;  the  peroxide  and 
residnal  oxalic  acid  being  estimated  in  10  c.c.  of  each  solution  after 
an  exposure  of  12  days  (January  20 — February  1).  The  results  are 
given  in  Table  V. 

These  numbers  show,  firstly,  that  the  total  amount  of  acid  decom- 
posed increases  with  the  concentration  of  the  solution  (Column  III)  ; 
secondly,  that  the  total  peroxide  formed  increases  with  the  concen- 
tration of  the  solution,  but  is  not  proportional  to  it  (Column  IV). 
In  Column  VI,  the  ratio  of  found  to  calculated  peroxide  is  seen  to 
rise  from  0'09  in  the  strongest  solution  to  0"7  approximately  in  the  one 
which  is  least  concentrated.  These  ratios  are  specially  interesting  as 
showing  that  although  the  peroxide  found  falls  far  short  of  that  cal- 
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Table  V. 


I. 

II. 

III. 

IV. 

V. 

VL 

c.c.  N/100  KMn04  re- 

quired for  10  c.c. 

Ratio  of 

Correction 
for  H.Oj. 

H2C2O4 
decomposed. 

H2O2 

found. 

found  to 

calculated 

Before 

After 

H2O2. 

exposure. 

exposure. 

500  c.c. 

490-6 

1-00 

10-4 

3-50 

0-09 

250    „ 

216-0 

0-80 

4-8 

2-80 

0-16 

100    „ 

97-6 

0-50 

2-9 

1-80 

0-17 

50    „ 

48-9 

0-30 

1-4 

0-92 

0-19 

20    „ 

19-6 

0-20 

0-64 

0-75 

0-33 

10    „ 

9-8 

0-10 

0-28 

0-28 

0-28 

5    „ 

4-9 

0'05 

0-15 

0-20 

0-38 

1    » 

0-99 

0-03 

0-04 

0-10 

0-7(?) 

culated  from  the  equation,  in  the  stronger  solutions,  it  approaches 
more  and  more  closely  to  the  theoretical  values  as  the  concentration 
decreases ;  for  here  the  stability  of  the  peroxide  is  greatest,  due  to 
the  relatively  larger  amount  of  oxygen  present,  as  compared  with  the 
amount  of  peroxide.  These  results  are  thus  in  agreement  with  those 
obtained  with  sulphuric  acid  in  the  solution  ;  the  influence  of  greater 
concentration  of  the  oxalic  acid  being  quite  comparable  with  the 
eifect  of  the  mineral  acid.  To  make  the  comparison  complete,  a 
current  of  oxygen  was  passed  through  a  fresh  series  of  solutions 
during  an  exposure  of  nine  days  (Febriiary  23rd — March  3rd).  In 
Table   VI,  the   peroxide  found.  Column   V,  and   acid   decomposed, 


Table 

VI. 

I.              II. 

III. 

IV. 

Y. 

VL 

c.c.  N/100  KMnN^ 
required  for  10  c.c. 

Correction 
for  HoOo. 

H2C204 

decomposed 
in  10  c.c. 

H2O2 

found 

in  10  c.c. 

Ratio  of 
found  to 

Before 
exposure. 

After 
exposure. 

calculated 
peroxide. 

760  0 
506-5 
252  08 
100 -75 
50-0 

735-6 

489-0 

242-5 

98-2 

49-0 

2-99 
2-28 
1-08 
1-21 
0-79 

1 

27-4              10-5 

19-78               8-0 

11-26               5-9 

3  -76               4  -3 

1-79               2-8 

0-109 
0-115 
0-146 
0-331 

0-442 

466 
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Column  TV,  in  10  c.c.  of  solutions  of  different  strength,  Column  I, 
are  given. 

The  comparison  of  the  effects  of  a  limited  supply  and  of  an  excess 
of  oxygen  respectively,  on  the  amounts  of  hydrogen  peroxide  pro- 
duced, is  best  obtained  from  Curves  I  and  II  in  the  next  diagram, 
where  weights  of  acid,  expressed  in  c.c.  of  1^/100  permanganate,  were 
taken  as  ordinates,  and  the  peroxide  found  expressed  in  c.c.  of 
titanium  solution,  as  abscissas.  Curve  I,  where  the  supply  of  oxygen 
is  limited,  rapidly  becomes  vertical,  whilst  Curve  II  shows  that  the 
peroxide  steadily  increases  with  the  concentration  of  the  acid,  up  to 
the  greatest  concentration  used.  These  effects  are  precisely  analogous 
to  those  obtained  in  presence  of  sulphuric  acid,  in  a  limited  supply 
and  in  excess  of  oxygen  respectively.  Again  the  ratio  of  the  calcu- 
lated peroxide  to  that  found,  as  shown  in  the  last  column,  is  greater 
in  Table  VI  (p.  466)  than  in  Table  V  (p.  465)  for  the  same  concen- 
tration in  the  acid.  Thus  a  solution  in  which  hydrogen  peroxide, 
represented  by  the  ratio  0-19,  was  obtained  in  the  first  series,  now 
corresponds  to  0-44. 

In  order  to  further  study  the  relation  of  hydrogen  peroxide  to 
oxalic  acid,  the  behaviour  of  solutions  of  the  pure  peroxide  in  pre- 
sence of  the  acid  were  examined.  It  was  firs^i  necessary  to  determine 
to  what  extent  the  peroxide  was  decomposed  by  the  acid  in  the  dark. 
In  Table  VII,  the  results  of  an  experiment  are  given,  in  which  (I) 
solutions  of  oxalic  acid  of  different  strength  were  made  up  to  100  c.c. 
with  solutions  of  hydrogen  peroxide  of  the  same  strength  in  each 
case.  Similar  solutions  (II)  containing  10  c.c.  of  dilute  sulphuric 
acid  (1  :  4)  being  also  compared.  The  solutions  wei'e  kept  in  the 
dark,  and  were  tested  at  the  beginning  of  the  experiment,  and  again 
after  25  days. 

Table  VII. 


I.  H2SO4  absent. 

II.  H2SO 

4  present. 

Grams  of 

H2C2O4  in  100 

c.c. 

HjOo  found  (expressed  in  c.c. 
titanium  solution). 

H2O2  found  (expressed  in  c.c. 
titanium  solution). 

Before 
exposure. 

After  28  days. 

Before 
exposure. 

After  28  days. 

0-315 
0-157 
0-060 
0-015 

88-86 
88-74 
92-50 
90-00 

85-61 
84-98 
91-25 
90-07 

72-50    , 
75-00 
75-00 
72-75 

07-5 
67-5 
66-3 
72-6 
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These  numbers  show  that  at  the  ordinary  temperature,  and  when 
protected  from  light,  the  peroxide  is  very  stable  in  aqueous  solutions 
of  the  acid,  and  fairly  so  in  those  containing  sulphuric  acid.  In  the 
next  experiment,  the  influence  of  higher  temperatures  on  a  mixture 
of  the  peroxide  and  oxalic  acid  in  the  dark  was  examined.  100  c.c. 
of  N/10  oxalic  acid  was  first  heated  at  100°  for  six  hours,  oxygen 
being  passed  through  the  solution  into  one  of  barium  hydrate.  Under 
these  circumstances  the  latter  remained  clear.  When  5  c.c.  of  a  cold 
dilute  solution  of  hydrogen  peroxide  were  added,  and  oxygen  was 
again  passed  for  one  hour  at  20"^,  then  for  three  hours  at  60°,  no 
turbidity  in  the  hydrate  was  produced.  The  temperature  was  finally 
raised  to  100",  when  decomposition  of  the  acid  occurred,  as  shown 
by  the  dense  precipitate  of  carbonate  thrown  down  in  the  barium 
hydrate.  Here  it  is  interesting  to  note  that  in  the  dai'k  the  acid  is 
decomposed  by  hydrogen  peroxide  at  100",  though  at  this  temperature 
oxygen  fails  to  do  so,  whilst  under  the  influence  of  light  the  acid 
seems  to  show  a  preference  for  the  oxygen.  Aqueous  solutions  of 
oxalic  acid  containing  hydrogen  peroxide  were  now  exposed  to  light 
under  the  following  conditions  : — I,  in  presence  of  a  stream  of 
oxygen  ;  II,  in  presence  of  a  current  of  carbon  dioxide  ;  III,  in  pre- 
sence of  air,  no  gas  being  passed ;  IV,  a  solution  of  oxalic  acid  of  the 
same  strength  was  exposed  in  a  current  of  oxjgen,  no  hydrogen 
peroxide  being  previously  added.  The  results  obtained,  on  estimating 
the  peroxide  in  10  c.c.  of  each  solution  before  and  after  an  exposure 
of  four  days,  are  shown  in  Table  VIII  under  A.  A  second  series,  B, 
containing  aqueous  solutions  of  the  peroxide  without  oxalic  acid  wa.s 
also  exposed,  so  as  to  test  its  stability  when  placed  under  similar  con- 
ditions in  absence  of  oxalic  acid. 


Table  VIII. 


A.  II2C2O4  present. 
1-57  grams  per  100  c.c. 

B.  H2C2O4  absent. 

'           I. 

XL 

III. 

IV. 

V. 

VL 

No.  1  Conditions 

H2O2  added. 

H2O2  found. 

H2C2O4  de- 

HjOo added. 

H«02  found. 

of  experi- 

Before 

After 

composed 

Before 

After 

ment. 

exposure. 

exposure. 

in  10  c.c. 

exposure. 

exposure. 

I. 

0  passed  . . 

28-5 

30-0 

61 

16-25 

15-25 

II. 

CO2  passed. 

,, 

0-0 

2-5 

J 

10-6 

III.  j  No          gas 

jj 

19  0 

6-4 

11  1 

passed  (air 

above  solu- 

tion) 

IV. 

No      H2O2 
(0  passed) 

4-5 

1-3 
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These  results  show  that  ihe  peroxide  added  to  solutions  of  oxalic 
acid  resembles  in  behaviour  that  formed  in  the  latter  during 
exposure.  Thus  in  excess  of  oxygen,  No.  1,  it  is  very  stable,  the 
amount  taken  being  added  to  that  set  free  by  the  decomposition 
of  the  acid  (compare  IV^) ;  here  also  the  maximum  amount  of 
acid  is  decomposed,  as  shown  in  Column  IV.  In  N"o.  II,  the  per- 
oxide has  been  completely  decomposed,  the  process  being  attended 
with  decomposition  of  the  oxalic  acid,  though  to  a  less  extent  than  in 
No.  I.  In  No.  Ill,  the  partial  decomposition  of  the  peroxide  has 
occurred,  the  supply  of  oxygen  being  in  this  case  limited.  In  B  it  is 
seen  that  aqueous  solutions  of  the  peroxide  are  nearly  as  stable  in 
presence  of  carbon  dioxide,  No.  II,  as  in  air.  No.  III.  Another  ex- 
periment may  here  be  mentioned  which  shows  that  the  decomposition 
of  the  peroxide  by  oxalic  acid  under  the  influence  of  light  occurs 
when  no  carbon  dioxide  is  passed,  provided  oxygen  is  otherwise 
excluded.  A  tube  of  100  c.c.  capacity,  sealed  at  one  end,  and  ter- 
minating in  a  capillary  U-tube  at  the  other,  was  completely  filled 
with  a  mixture  of  equal  parts  of  a  solution  of  N/IO  oxalic  acid  and 
hydrogen  peroxide.  10  c.c.  of  the  mixture,  before  exposure,  con- 
tained hydrogen  peroxide  equivalent  to  18'5  c.c.  of  titanium  solution. 
After  an  exposure  of  12  days  (March  28th — April  10th),  the  peroxide 
had  so  far  decomposed  that  10  c.c.  required  only  I"8  c.c.  of  standard 
colour.* 

Lastly,  the  following  experiment  shows  the  stability  of  the  peroxide 
in  the  dark  in  solutions  of  oxalic  acid  in  which  partial  decomposition 
has  occurred,  and  its  instability  in  the  same  solution  when  exposed  to 
light,  the  supply  of  oxygen  being  insufficient  in  both  cases.  50  c.c. 
of  N/10  solution  of  oxalic  acid  containing  dilute  sulphuric  acid,  were 
exposed  until  about  50  per  cent,  of  the  oxalic  acid  had  been  de- 
composed. Hydrogen  peroxide  was  then  added  so  that  10  c.c.  of  the 
mixture  required  14  c.c.  of  standard  colour  solution.  The  solution 
was  then  divided  into  two  parts,  of  which  1,  was  protected  from 
light,  while  2  was  exposed  for  a  period  of  9  days  (Feb.  1st — 9th).  On 
again  estimating  the  peroxide  in  10  c.c.  of  each,  1  required  13'5  c.c. 
of  standard  titanium  solution,  and  2  required  3'5  c.c. 

It  is  thus  seen  that,  in  this  case  also,  where  the  presence  of 
secondary  products  might  have  been  supposed  to  account  for  the  re- 
duction of  the  peroxide,  its  stability  is  still  maintained  in  the  dark, 
the  decomposition  only  occurring  when  the  solution  is  exposed  to 
light. 

*  To  test  whether  formic  acid  might  have  baen  formed  in  the  solution  oxidised 
under  these  conditions,  50  c.c.  were  heated  witli  an  excess  of  silver  nitrate,  a  white 
precipitate  of  silver  oxalate  was  formed,  but  no  reduction  could  be  detected  even 
after  prolonged  boiling. 
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General  Conclusions. 
From  these  experiments  it  would  appear  that — 

1.  The  decomposition  of  aqueous  solutions  of  oxalic  acid,  in 
presence  of  light  and  oxygen,  results  in  the  complete  oxidation  of 
its  carbon  to  carbon  dioxide. 

2.  If  oxygen  is  in  excess,  the  hydrogen  of  the  acid  is  oxidised  to 

hydrogen  peroxide. 

3.  In  an  insufficient  supply  of  oxygen,  the  hydrogen  is  oxidised  to 
■water. 

4.  When  oxygen  is  absent,  and  hydrogen  peroxide  is  present,  the 
decomposition  of  the  acid  occurs  at  the  expense  of  the  peroxide. 

5.  If  both  oxidising  agents  are  present,  the  oxidation  of  the  acid  is 

brought  about  by  the  oxygen  rather  than  by  the  peroxide. 

Note  on  the  Absorption  of  Carhon  dioxide  by  Means  of  Solutions  of  a 
Barium  Hydrate. 

The  following  arrangement  was  used  for  the  absorption  of  carbon 
dioxide  in  the  experiment  described  on  p.  457.     It  was  devised  to 

Fig.  2. 
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overcome  the  difficulty  experienced  in  effecting  the  complete  absorp- 
tion of  carbon  dioxide  by  contact  with  solutions  of  barium  hydrate, 
when  largely  diluted  with  air. 

The  arrangement  is  shown  in  Fig.  2  and  consists  of  a  tube,  A,  ter- 
minating at  the  lower  end  in  a  bulb,  B.  An  inner  tube,  C,  is  sealed  in 
at  the  junction  of  A  and  B,  and  its  upper  end,  which  is  open,  is 
covered  by  a  small  test  tube,  D.     The  side  tube,  E,  joins  A  and  B. 

To  use  the  arrangement,  the  bulb  is  filled  with  the  absorbent  liquid, 
which  also  occupies  a  portion  of  A  up  to  H.  On  now  passing  gas 
into  B  bj'  the  inlet  tube  G,  the  bubbles  collect  for  a  moment  at  the 
junction  of  B  and  C.  Here  they  become  subdivided  by  short  columns 
of  liquid,  which  are  carried  with  the  gas  into  D,  any  unabsorbed  gas 
escapes  at  F,  whilst  the  liquid  falls  back  again  to  H,  and  finally  re- 
turns to  the  bulb  to  be  again  circulated. 

This  arrangement  has  been  found  useful  where  other  gases  were  to 
be  absorbed  or  iDurified. 


XLI. — Jute  Fibre  Produced  in  England. 
(Second  I^otice.) 

By  Andrew  Pears,  jun. 

Experiments  on  the  growth  of  the  jute  plant  have  been  continued 
under  conditions  identical  with  those  described  in  a  previous  commu- 
nication (Trans.,  1893,  63,  964),  with  the  exception,  of  course,  of 
the  season,  that  of  the  past  year  being  distinguished  by  its  unusual 
amount  of  sunshine.  Four  cultivations  of  the  plant  were  made,  two 
from  the  seeds  saved  from  the  plants  grown  by  myself  in  1892 — the 
fibre  from  which  had  been  investigated  (loc.  cit.) — and  two  from 
fresh  seed,  again  kindly  supplied  from  Kew.  A  portion  of  each  was 
sown  on  March  30th,  and  the  second  cultivation  of  each  was  started 
on  June  8th. 

The  plants  were  cut  down  in  the  late  autumn,  in  all  cases  after  the 
seed  had  fully  matured;  it  is  unnecessary  to  give  the  details  of  the 
retting  of  the  stems  and  the  separation  of  the  fibre. 

A  general  comparison  of  the  four  specimens  of  fibre  obtained 
revealed  but  small  differences  in  the  more  essential  characteristics. 

Qualitative  Reactions. — The  four  specimens  were  indistinguishable 
the  one  from  the  other,  in  respect  of  the  characteristic  reactions  of 
the  fibre-substance  ;  and,  indeed,  they  exhibited  only  slight  variations 
from  those  of  ordinaiy  specimens  of  the  Indian  fibre ;  whereas,  in  the 
home-grown  fibre  of  1892,  the  divergences  wex'e  more  or  less  marked. 

Quantitative  determinations  of  cellulose,  and  loss  of  weight   on 
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boiling   with    a    I  per   cent,  solution  of  sodium  hydrate,   gave  the 
following  numbers. 

English  seed,  1892.  Indian'seed. 


March 

Juno 

March 

June 

sowing. 

sowing. 

sowing. 

sowing. 

Alkaline  hydrolysis,  loss 

14-8 

17-2 

Ill 

12-5 

of  Aveight 

Cellulose  yield 

70-0 

69-0 

74-0 

71-6 

The  "  hygroscopic  moisture "  determined  after  four  weeks'  air- 
drying  varied  between  15  and  16  per  cent.,  and  the  mineral  consti- 
tuents (ash)  between  16  and  2  per  cent.  The  variations  show  a 
slightly  increasing  divergence  from  the  normal  in  the  fibre  obtained 
from  the  English  seed ;  and  the  results,  taken  in  pairs,  also  show  a 
somewhat  greater  divergence  in  the  fibre  from  the  late  sowings  ;  but 
the  results  were  not  such  as  to  call  for  further  comparative  investiga- 
tion, and  attention  was,  therefore,  confined  to  the  fibre  from  the  early 
sowing  of  the  1892  seed ;  and  the  determinations  made  gave  the  fol- 
lowing results. 

Combustion  of  the  fibre,  caref ally  purified,  gave  ^  the  following 
numbers. 

Normal  fibre, 
I.  II.  average  composition, 

C 43-3        43-7  46  5 

H   6-1  60  5-8 

Furfural  Estimations. — Yield  of  furfaral  obtained  on  distillation 
with  hydrochloric  acid  of  1*06  sp.  gr.,  estimated  as  the  hydrazone 
(Flint  and  ToUens,  Landw.  Versuchs-Stat.,  1893,  42,  381—407). 

Normal  fibre, 
I.  II.  average  numbers. 

Farfural  per  cent,  on  fibre     85         8"6  8 — 9 

substance 

Chlorine  Absorption. — Determined  by  the  method  described  in  this 
Journal  (Trans.,  1889,  55,  199). 

Normal  fibre. 
Chlorine  absorbed  per  cent,  on  fibre     15"0  16*6 

substance 

As  in  the  case  of  the  1892  fibre,  it  was  observedithat  more  hydro- 
chloric acid  was  formed  than  in  the  chlorination  of  J|the  normal  fibre, 
the  ratio  of  chlorine  combining  to  form  the  qui  none  chloride  to  the 
chlorine  appearing  as  hydrogen  chloride  beings  approximately  1  :  2 
instead  of  the  normal  1:1. 

The  results,  on  the  whole,  strongly  confirm  those  contained  in  the 
previous  communication,  the  main  difference  being  in  the  reactions 
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of  the  fibre  substance,  which  indicate  a  constitution  more  closely 
approximating'  to  the  normal.  This  may  be  explained  by  the  moi'e 
favourable  conditions  of  growth  in  regard  to  sunshine  and  atmo- 
sphere. In  other  respects,  the  results  are  similar,  and  to  be  inter- 
preted as  were  those  of  1892  ;  that  is  : 

1.  The  essential  constitutional  features  of  the  fibre  substance  are 
preserved  through  what  must  be  considered  a  wide  range  of  variations 
in  ultimate  composition. 

2.  These  variations  are  therefore  probably  variations  in  the  condi- 
tion of  the  hydration  of  the  fibre  substance. 

3.  The  chemical  constitution  of  a  plant  tissue  is  an  intrinsic  property 
of  the  tissue,  that  is,  determined  rather  from  within  and  by  the  plant 
than  modifiable  by  the  conditions  of  growth. 

4.  Of  the  constitutional  features  of  the  jute  fibre-substance,  that 
appears  to  be  the  least  variable  which  determines  the  formation  of 
furfural  (on  "distillation  "  with  hydrochloric  acid). 

4,  New  Court, 

London,  W.O. 


XLIT. — The  Natural  Oxycelluloses. 
By  C.  Smith. 

In  a  recent  contribution  to  the  chemistry  of  the  lignocelluloses  (Cr-oss, 
Bevan,  and  Beadle,  Ber.,  26,  p.  2520),  it  has  been  shown  that  in 
the  typical  jute  fibre-substance  the  characteristic  R.-hexene  groups 
exist  in  union  with  a  complex  of  oxycelluloses,  the  constitution  of  which 
was  genetally  ascertained.  It  was  definitely  shown  that  this  com- 
plex,* containing  pentose  groups  or  pentosans,  is  the  source  of  the 
furfural  obtained  from  the  fibre  in  various  ways,  and  in  respect  of 
these  furfural-yielding  groups,  it  was  shown  by  experiments  on  the 
normal  celluloses,  as  well  as  on  simpler  carbohydrates,  that,  when 
submitted  to  limited  oxidation,  the  nQ^  members  of  this  very  varied 
group  give  oxy-derivatives  which  are  readily  condensed  to  furfural ; 
the  yield  of  this  aldehyde  bearing  a  simple  relation  to  the  oxidation. 
As,  however,  these  furfural-yielding  oxy-derivatives  do  not  give  the 
very  characteristic  reactions  of  the  pentoses  and  pentosans,  it  appears 
to  be  gratuitous  to  assume  in  them  the  pentose  configuration.  Not- 
withstanding that  Tollens  has  long  since  shown  that  glycuronic  acid 
gives  the  characteristic  reactions  of  the  pentoses,  together  with  a 
large  yield  of  furfural  (46 — 47  per  cent.)  on  distillation  with  hydro- 

*  The  pentosans  are  present  in  the  jute  fibre-substance  in  small  quantity  only. 
Tollens  succeeded  in  isolating  1 — 2  per  cent,  of  lylose. 
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chloric  acid  {Landw.  Versuchs-Stat.,  39,  450),  the  assumption  that 
pentoses  alone  yield  furfural  is  certainly  very  commonly  made. 

The  extension  of  these  observations,  indicated  in  the  communica- 
tion above  cited,  is  the  purpose  of  the  researches,  of  which  this  is  a 
brief  preliminary  account. 

In  addition  to  the  wood  celluloses,  there  were  others  which  exhibited 
similar,  but  more  pronounced,  divergences  from  tlie  normal  cotton- 
cellulose,  more  particularly  the  celluloses  of  esparto  and  the  cereal 
straws  ;  (quantitative  results  show  that  they  are  pronounced  oxycel- 
luloses. 

1.  Selected  specimens  of  the  purest  products  obtainable  by  the  well- 
known  pulping  (alkali  digestion)  and  bleaching  (hypochlorite)  pro- 
cesses were  further  purified  by  digestion  with  hydrofluoric  acid  in 
the  cold,  and  thorough  washing.* 

The  dried  products  gave  the  following  numbers  on  combustion. 


Straw  cellulose. 

Esparto  cellulose. 

c 

H  .... 

I.               II. 

. . .     42-4        42-4 
5-8          5-8 

I.                  II. 

4178        41-02 
5-42          5-82 

2.  Furfural  Estimations. — The  "  celluloses  "  were  first  treated  with 
sulphuric  acid  of  1*5  sp.  gr.  saturated  with  hydrogen  chloride,  in 
which  they  dissolved,  forming  a  clear,  gummy  solution.  After  stand- 
ing several  hours,  the  solutions  were  diluted  with  hydrochloric  acid 
(r06  sp.  gr.),  and  slowly  distilled,  following  exactly  the  directions 
given  by  Tollens  in  his  latest  publication  on  this  subject  (Landw. 
Versuchs-Stat.,  42,  381).  The  furfural  was  estimated  as  hydrazone 
in  the  manner  prescribed  by  this  author;  straw  cellulose  yielding 
12-5,  and  esparto  cellulose  12*2  per  cent.  From  these  results,  it  is 
evident  that  these  "  celluloses "  are  altogether  removed  from  the 
normal  group,  and  are  seen  to  be  well  characterised  oxycelluloses. 
The  conclusion  is  emphasised  by  their  reactions. 

3.  Reactions  of  Esparto  and  Straiv  "  Oxycelluloses.''^ — a.  They  are 
attacked  by  boiling  alkaline  solutions,  and  the  yellow  solutions 
reduce  capric  oxide.  Cuprous  oxide  is  also  deposited  upon  the  fibre- 
substance.  This  reaction  is  much  more  pronounced  with  the  straw 
than  the  esparto  cellulose. 

6.  They  are  coloured  rose-red  on  boiling  with  solutions  of  aniline 
firxlts ;  this  coloration  is  characteristic  of  these  oxycelluloses,  and 
sufficiently  constant  to  afFord  an  approximate  indication  of  the  pro- 
portion in  which  they  occur  in  a  mixed  pulp  or  paper. 

•  The  oxidatiaa  of  the  celluloses  or  the  further  oxidation  of  the  oiycellulosos, 
by  the  ordinary  processes  of  hypochlorite  bleaching,  may  be  neglected. 
VOL.   LXV.  2    I. 
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c.  Thej  give  a  strong  coloration  with  the  magenta  sulphurous  acid 
reagent,  but  it  takes  considerable  time  for  its  development. 

d.  Phenylhydrazine  salts  produce  a  yellow  coloration.  (In  tlii.s 
and  other  reactions  indicating  the  presence  of  free  CO  groups,  the 
reactions  of  straw  cellulose  are  much  more  pronounced  than  those  of 
the  esparto  cellulose.) 

e.  When  heated  in  the  water  oven  they  become  discoloured,  and 
the  progressive  oxidation  is  marked  by  an  increase  in  the  yield  of 
furfural.  Thus  the  following  estimations  were  made  in  specimens  of 
straw  cellulose. 

(«).  (b). 

Before  heating 12-5  lO'S 

After  heating  for  35  hours  at  100°.      12-9  ll'O 

/.  Lastly,  an  important  negative  characteristic  is  the  failure  to  give 
any  reaction  with  phloroglucinol  in  presence  of  hydrochloric  acid,  the 
special  reagent  for  the  pentoses  and  pentosans. 

What  is  thus  established  for  celluloses  of  typical  members  of  the 
natural  order  of  Graminese,  probably  holds  for  the  entire  group  ;  and 
will  certainly  be  found  to  hold  generally  for  an  extensive  range  of 
"celluloses"  hitherto  classified  as  such  on  the  basis  of  external 
features  of  resemblance  to  the  normal  products. 

The  problem  next  arises,  are  these  oxycelluloses  elaborated  as  such 
in  the  first  instance,  or  are  they  produced  from  celluloses  of  the 
normal  type  by  oxidation  in  the  life  history  of  the  plant  ?  A  priori, 
the  former  view  is  the  more  probable. 

The  first  point  to  be  noted  is  a  correlation  between  the  length  of 
the  ultimate  fibre  and  chemical  constitution  in  the  fibrous  celluloses, 
so  far  as  they  have  been  investigated ;  the  normal  cellulose  fibres  of 
flax,  hemp,  and  rhea  are  comparatively  long ;  the  oxycellulose  fibres 
&,re  short.  If  we  are  to  assume  that  morphological  characteristics 
are  in  any  sense  bound  up  with  chemical  constitution,  we  should 
expect  such  a  distinction  to  obtain  ab  initio.  But  it  is  perhaps 
premature  to  insist  on  this  point. 

The  next  point  suggested  by  the  view  that  an  originally  normal 
fibre  cellulose  is  progressively  oxidised  in  the  life  of  the  plant,  is  the 
difficulty  of  applying  such  a  view  to  particular  cases. 

Thus,*  the  jute  fibre  may  be  regarded  as. in  the  main  an  oxycellu- 
lose, and  if  progressively  oxidised  there  would  be  a  uniformly  pro- 
gressive variation  in  the  composition  of  the  fibre-substance  from  the 
root  upwards  in  the  same  plant,  and  further  variations  in  this  respect 
with  varying  conditions  of  cultivation.     Taking  furfural  formation 

*  In  addition  to  oxidation,  there  is  the  contributory  factor  of  constitution,  that 
is,  changes  of  constitution,  to  be  taken  into  account;  but  the  reasoning  applies  also 
to  this. 
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as  a  measure  of  oxidation,  however,  this  fibre  presents,  on  the  contrary, 
an  anmistakably  uniform  composition.  Further,  if  we  compare  jute 
with  hemp,  the  one  an  oxycellulose,  the  other  a  normal  cellulose,  it  is 
difficult  to  see  how  the  conditions  of  oxidation  can  be  radically 
different  in  bast  tissues  of  similar  function,  and  presenting  a  similar 
general  arrangement  in  the  plant. 

A  third  point  is  that  oxidation  of  a  normal  cellulose  implies  de- 
struction in  the  strict  sense  of  the  term,  and  the  process  of  disintegra- 
tion of  "permanent"  tissue  would  hardly  be  consistent  with  the 
general  economy  of  plant  functions. 

Experimentally,  however,  we  have  the  means  of  investigating  the 
problem,  and  it  is,  therefore,  unnecessary  to  make  more  than  a  pass- 
ing allusion  to  the  a  priori  side  of  the  question. 

The  life  history  of  the  cereals  has  been  so  closely  studied  from 
many  points  of  view,  that  in  taking  them  as  the  basis  of  observation 
we  have  not  only  the  advantage  of  the  results  obtained  in  such  in- 
vestigations, but,  in  addition,  the  fact  that  we  are  dealing  with  an 
exaggerated  case  of  oxycellulose  elaboration,  And,  further,  we  have 
no  difficulty  as  to  the  supply  of  suitable  raw  material.  Moreover,  as 
it  is  important  to  study  the  earliest  tissue  elaboration,  tbat  is,  from 
the  endosperm  of  the  seed,  the  selection  has  been  narrowed  to  barley, 
the  elaborate  work  of  Brown  and  Morris  on  the  germination  of  the 
barleycorn  (Trans.,  1887,  57,  458),  supplying  in  the  clearest  way  the 
general  lines  of  investigation  to  be  followed  in  regard  to  this  phase  cf 
growth. 

Preliminary  observations  have,  therefore,  been  made  on  the  germ- 
inating process  in  relation  to  the  furfural-yielding  products.  In  a 
sample  of  barley,  ground  to  meal,  the  aggregate  yield  of  furfural  was 
determined  and  found  to  be  5*5  per  cent.,  calculated  on  the  dry  sub- 
stance. A  50  gram  lot  of  the  original  grain  was  allowed  to  germinate 
in  the  dark,  and  grow  until  the  etiolated  plumules  reached  a  length 
of  3 — 5  inches,  and  the  endosperm  was  largely  exhausted  ;  the  un- 
germinated  grains  were  taken  out,  dried,  and  the  weight  deducted. 
The  plants,  together  with  seed  envelopes  and  residues  of  endosperm, 
were  dried  and  investigated,  with  the  following  results. 

a.  Weight  of  original  b.  Weight  of  product  Furfural, 

grain  germinated  of  germination  and 


(dry).  growth.  p.  c.  on  a.       p.  c.  on  b. 

34-6  grams  27-9  grams  8-3  10"3 

There  is,  therefore,  a  large  increase  of  furfural-yielding  compounds 
resulting  from  the  germination,  and  not  accounted  for  by  the  loss  of 
weight  sustained,  which  falls  chiefly  on  the  starch  and  proteids  of  the 
endosperm. 

In  a  second  omaller  specimen  similarly  treated,  the  seed  envelopes 

2  £  2 
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and  residues  of  endosperm  were  dissected  away,  each  being  dried  and 
weighed  separately.  After  weighing,  the  furfural  was  estimated,  and 
gave  the  following  results. 

a.  Weight  of  grain        b.  Weight  of  plants       b'.  Weight  of  seed 
germinated.  (dry).  envelopes,  &c. 

3-257  1-477  0-800 

Furfural. 


5  p.  c.  Z»' p.  c.         5p.  c.  (a).      (6')  p.  c.  (a). 

4-9  16-0  2-3  4-0 

'  Similar  observations  were  made  on  the  results  of  germination  with 
exposure  to  light,  the  plants  showing  a  normal  development  of  chloro- 
phyll.    The  results  are  as  follows. 

Weight  of  grain  germinated,  a  =  28-8  grams. 

Furfural  per  cent,  of  dry  weight. 

b.  Seed  envelopes  , » ^ 

and  residues,    b'.  Plants.        b.         b'.     (J)  p.  c.  of  (a).  (J')  p.  c.  of  (a) . 

P.  c.  of(a)..      27-8  37-8       16-0     5-9  4-4  2-2 

By  these  results  it  is  shown  that  the  elaboration  of  tissue  in  its 
earliest  stages  is  characterised  by  the  building  up  of  the  oxidised 
carbohydrates  into  oxycelluloses.  There  is,  also,  as  in  the  previous 
experimeuts,  an  increase  in  the  aggregate  of  furfural-yielding  com- 
pounds.    These  results  will  not  be  further  discussed  at  this  stage. 

The  plan  of  research  now  in  progress  is  to  trace  the  history  of 
elaboration  in  reference  to  the  furfural  forming  constituents  of  the 
permanent  tissue.  The  germination  process  will  be  studied  more 
completely,  and  extended  to  the  case  of  excised  embryos  grown  upon 
••  artificial "  endosperms. 

A  growing  crop  will  be  investigated  periodically  at  regular  in- 
tervals, the  furfural-yielding  constituents  being  determined  with 
distinctions  as  between  the  various  groups  of  such  constituents, 
namely,  pentaglucoses  and  oxidised  Cg  carbohydrates,  soluble  in 
•alkalis  as  well  as  insoluble,  that  is,  permanent  tissue  or  cellulose. 

Incidentally  to  the  main  line  of  investigation,  observations  have 
heen  made  on  some  points  of  general  bearing  on  the  subject. 

Atmospheric  Oxidations  of  the  Celluloses  and  Oxy celluloses. — The 
oxycelluloses  are  more  or  less  readily  oxidised.  Attention  has  been 
called  to  their  gradual  oxidation  when  heated  at  100°,  as  evidenced 
by  discoloration,  and  by  an  increase  in  the  yield  of  furfural.  The 
oxycelluloses  of  straw  and  esparto  have  not  been  sufficiently  long 
known  to  industry  to  afford  evidence  as  to  their  power  of  resisting 
ordinary  atmospheric  influences,  whilst,  on  the  other  hand,  we  have 
specimens  of  cloth  and  yarn,  composed  of  the  normal  celluloses,  which 
have  survived  some  thousand  or  two  of  years  of  exposure.     As  an 
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illustration  of  the  resistance  of  these  celluloses,  it  may  be  noted  that 
a  specimen  of  mummy  cloth,  examined  for  yield  of  furfural,  yielded 
1  "4  per  cent.,  whereas  a  specimen  of  Irish  flax  similarly  treated  gave 
1"7  per  cent. 

In  the  papers  of  mediaeval  MSS.  and  printed  books  we  have 
also  abundant  evidence  of  the  permanence  of  the  fibre  substance 
composing  them. 

Deoxidation  of  the  Oxy celluloses. — Observations  were  made  on  the 
oxycelluloses  of  esparto  and  straw  in  regard  to  their  deoxidation  by 
treatment  with  reagents.  Acid  "  reducing  "  agents  appear  to  have 
no  action,  but  they  are  partially  deoxidised,  on  the  other  hand,  by 
alkaline  sulphur  compounds. 

a.  Hyposulphites. — A  solution,  prepared  by  the  action  of  zinc  dnst 
on  a  solution  of  sodium  hydrogen  sulphite,  was  filtered  and  divided 
into  two  parts  ;  to  one  of  these,  sodium  hydrate  was  added  in  slight 
excess,  the  other  being  employed  as  obtained. 

Esparto  cellulose  was  digested  with  these  solutions  for  some  days 
in  the  cold,  then  washed  and  purified,  and  distilled  for  furfural  with 
the  following  results. 

Original  cellulose  gave  12"2  per  cent,  of  furfural ;  after  treatinent 
with  neutral  hyposulphite  9*9  per  cent. ;  after  alkaline  hypo- 
sulphite 86  per  cent. 

h.  Thiocarbonate  Reaction  (Trans.,  1893,  63,  837). — Esparto  cellu- 
lose was  treated  with  solution  of  sodium  hydrate  (12  per  cent. 
NajO),  and  the  alkali  cellulose  exposed  to  carbon  bisulphide.  The 
productwasdissolved  and  diluted  to  a  2  per  cent,  ("cellulose")  solution, 
and  heated  at  80 — 90°  for  30  minutes.  The  jelly  of  cellulose  hydrate 
was  separated  from  the  solution  of  the  bye-products,  and  boiled  out 
several  times  with  water,  the  washings  being  added  to  the  original 
solution.  The  cellulose  was  farther  purified  and  finally  dried  and 
weighed.  It  amounted  to  78  per  cent,  of  the  original.  A  portion 
was  then  "  distilled  for  furfural,"  when  it  gave  21  per  cent.  The 
solution  containing  the  products  of  hydrolysis  was  treated  for 
the  elimination  of  sulphur  compounds,  and  finally  distilled  for  fur- 
fural. The  quantity  obtained,  calculated  on  the  original  weight  of 
oxycellulose  dissolved,  was  5"2  per  cent.,  or  26*0  per  cent,  on  the  22 
per  cent,  of  the  original  remaining  in  solution.  On  the  aggregate, 
therefore,  the  yield  of  furfural  had  decreased  by  4  fc  per  cent,  as  a 
result  of  the  treatment. 

The  thiocarbonate  reaction,  therefore,  appears  to  afford  a  means  of 
separating  the  oxycelluloses  from  the  normal  celluloses,  partly  by 
hydrolysis,  partly  by  conversion  of  the  oxycellulose  into  a  normal 
cellulose  by  deoxidation.  This  reaction  will  be  further  investigated 
to  establish  more  exactly  the  relationships  of  the  products,  soluble 
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and  insoluble,  to   the   parent   substance,   and   as   offering   a   useful 
method  of  proximate  resolution  of  celluloses  of  mixed  constitution. 

3.  Hydrolysis  of  the  Oxy celluloses. — It  must  be  remembered  that 
the  "  celluloses  "  of  esparto  and  straw  are  obtained  by  means  of  a 
severe  process  of  hydrolysis,  namely,  digestion  with  caustic  soda  solu- 
tions (of  2 — 3  per  cent.  N'aoO)  at  liigh  temperatures  (2 — 4  atmos- 
pheres, steam  pressure)  ;  the  pulps  obtained  however  only  represent 
a  limit  to  the  solvent  action  of  the  alkali  under  the  conditions  of  the 
digestion.  A  second  operation  results  in  a  further  considerable  con- 
version into  soluble  products,  and  if  this  second  alkaline  treatment 
is  preceded  by  the  hypochlorite  bleach,  there  is  a  still  further 
conversion  into  soluble  products.  A  "  pure  bleached  straw  pulp,"  as 
supplied  to  the  paper  makers,  will  often  contain  from  7 — 8  per  cent, 
of  constituents  soluble  in  water ;  moreover,  if  kept  in  the  damp 
state,  it  will  be  found  to  afford  an  excellent  nidus  for  moulds  and 
other  fungoid  growths.  The  low  resistance  of  these  oxycelluloses  to 
hydrolytic  agencies,  which  has  long  been  a  matter  of  observation,  is 
satisfactorily  explained  by  the  facts  recorded  in  this  paper.  We  have 
also  a  simple  explanation  of  the  marked  discrepancy  between  the 
yields  of  "  cellulose  "  determined  by  the  laboratory  process  and  the 
yields  of  bleached  pulp  obtained  by  the  paper  maker. 

These  facts  also  open  the  question  of  the  digestion  of  cereal  straws 
by  the  hydrolytic  processes  taking  place  in  the  alimentary  canal  of 
the  herbivora.  Many  of  the  controversies  which  have  been  waged 
about  this  much  vexed  question  have  been  due  to  an  imperfect  defini- 
tion of  the  term  "  cellulose."  As  it  has  been  used,  it  includes  "  oxy- 
celluloses "  of  the  most  pronounced  type  ;  and  an  endeavour  will  be 
made  in  the  course  of  these  researches  to  throw  light  upon  the  ques- 
tion of  the  assimilation  of  the  oxycelluloses  by  animal  digestion. 

4.  The  Mechanism  of  Furfural  Production. — On  this  important 
•question  no  opinion  is  offered,  the  fact  being  taken  merely  as 
giving  a  new  and  important  classification  of  the  "  natural  celluloses." 

It  is  clear,  of  course,  that  furfural  formation  cannot  be  a  direct 
measure  of  the  degree  of  oxidation  of  a  molecule  derived  from  a 
hexose  of  normal  composition,  CnHj^Om,  it  must  depend  essenti- 
ally on  the  constitution  of  the  compound,  and  we  have  already 
found  that  this  is  so  by  comparing  the  oxycelluloses  prepared 
from  the  same  cellulose,  but  by  different  methods  of  oxidation. 
It  is  also  evident  from  the  reactions  of  the  two  oxycelluloses 
specially  dealt  with  in  this  paper  that  they  are  very  differently  co7i- 
stituted,  though  of  similar  composition,  and  giving  similar  yields  of 
furfural.  The  correlation  of  this  particular  condensation  of  the  carbo- 
hydrates or  their  oxyderivatives  with  molecular  configuration  may 
well  be  left  for  its  solution  in  the  hands  of  those  who  have  made  the 
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question  so  far  their  special  study.  It  is  hoped,  however,  that  these 
researches  may  contribute  material  for  the  farther  investigation  of 
the  problem. 

King's  College, 

London. 


XLIII. — Note  on  the  Estimation  of  Furfaral. 
By  C.  Smith. 

The  results  in  the  preceding  paper  were  obtained  uniformly  by  the 
method  of  first  dissolving  the  substance  in  a  mixture  of  aqueous  sulph- 
uric and  hydrochloric  acids  containing  57"3  per  cent.  H2SO1  and 
o'o  per  cent.  HCI,  then  diluting  with  hydrochloric  acid  of  1'06  sp.  gr. 
and  distilling  the  substance  with  this  acid,  following  in  this  and  other 
respects  the  process  given  by  Tollens  (Landw.-Versuchs.  Stat.,  42, 
-381).  It  was  presumed  that  this  modification  of  the  ordinary  pro- 
cedure would  give  maximum  numbers,  but  it  has  been  found  by 
careful  comparison  with  the  results  obtained  with  hydrochloric  acid 
alone,  that  in  many  cases  the  change  of  method  is  without  effect  on 
the  result ;  only  in  the  case  of  the  germinated  barley  was  there  any 
substantial  increase  in  the  yield  of  the  aldehyde.  The  following 
results  of  compai'ative  determinations  may  be  put  on  record. 

Furfural  obtained  Furfural  obtained 

from  substance  by  direct  distillation 

previously  dissolved  of  substance  with 

in  H2S64— HCI.  HCl,Aq  (106  sp.  gr.). 

Jute 8'3  per  cent.  8'3  per  cent. 

Esparto    "cellulose"  12-2         „  12-5 

Straw  "cellulose"..  12"6         „  14'5         ,, 

Germinated  barley . .  10*3         „  7*2         „ 

Original  barley. ... .        5'5  ,,  5*7         „ 

So  long  as  the  mechanism  of  the  condensation  remains  unexplained, 
it  is  expedient  to  continue  observations  in  this  direction,  as  the  yield 
under  any  conditions  of  more  or  less  arbitrary  selection  may  not 
i-epresent  the  maximum  ;  and  any  definite  variations  ascertained  may 
tend  to  the  further  elucidation  of  the  process. 

King's  College, 

London. 
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XLIV. —  a-Hydrindone  and  its  Deiivatives.     Part  I. 
By  F.  Stanley  Kipping,  Ph.D.,  D.Sc. 

During  the  investigation  of  the  hydrocarbon,  truxene,  an  account  oF 
which  has  been  recently  published  (this  vol.,  269),  it  became  desir- 
able to  prepare  a  considerable  quantity  of  a-hydrindone  (a-ketohydi- 
indene)  to  study  its  condensation  products.  At  that  time,  however, 
the  only  recorded  methods  by  which  this  ketone  had  been  obtained 
were,  (1)  the  hydrolysis  of  ethylic  oithocyanobenzylacetate  (Gabriel 
and  Hausmann,  Ber.,  22,  2019), 

+  NH3  +  CO2  +  C^Hs-OH, 

and  (2)  the  distillation  of  orthocarboxyhydrocinnamic  acid  or  of  its 
calcium  salt  (Konig.  Inaug.  Diss.,  Leipzig,  1889). 

CeBKcocm"^^^^  =  CeH4<gg:>CH,  +  CO,  +  H,0. 

Although  of  importance  from  a  theoretical  standpoint,  these  reac- 
tions were,  nevertheless,  unsatisfactory  when  regarded  as  methods  of 
preparation,  as  in  both  cases  the  necessary  materials  could  only  be 
procured  after  considerable  expenditure  of  time  and  trouble ;  this 
consideration,  and  the  desirability  of  facilitating  the  study  of  hydr- 
indone  derivatives  in  general,  led  the  author  to  attempt  the  pi-epara- 
tion  of  the  ketone  in  some  simpler  manner,  with  the  results  which  are 
now  to  be  described. 

A  survey  of  the  recent  rapid  development  of  our  knowledge  of  the 
derivatives  of  hydriudene  and  of  indene,  lengthy  as  it  would  neces- 
sarily be,  does  not  lie  within  the  scope  of  this  paper,  so  that  in  dealing 
with  the  literature,  reference  will  be  made  only  to  those  papers  which 
immediately  concern  the  present  work.  In  this  category  must  bo 
classed  that  of  v.  Miller  and  Rohde  (Ber.,  23,  1887),  who  have  shown 
that  many  of  the  substitution  derivatives  of  phenylpropionic  acid, 
CsHi'CH/CHj'COOH,  such  as  the  meta-  and  para-halogen  derivatives, 
and  of  a-methylphenylpropionic  acid,  CeHj-CHa'CHMe-COOH,  may  be 
converted  into  the  corresponding  derivatives  of  hydrindone  with  the 
aid  of  concentrated  sulphuric  acid,  just  as  certain  substitution  pro- 
ducts of  cinnamic  acid  may  be  converted  into  the  corresponding 
derivatives  of  indone  (a-ketoindene),  as  first  shown  by  Roser  (Ber., 
20,  1273  ;  Annalen,  247,  129). 

On  attempting  to  apply  this  reaction  to  the  preparation  of  a-hydr- 
indone, V.  Miller  and  Rohde  were  unsnccessful ;  ou  heating  phenylpro- 
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pionic  acid  with  sulphuric  acid  at  140°  they  got  a  small  quantity  of  a 
substance  melting  at  about  134°,  the  nature  of  which  was  not  deter- 
mined, but  they  w'ere  unable  to  obtain  hydrindone.  This  result  is,  at 
first  sight,  rather  remarkable,  as  there  is  no  apparent  reason  why  the 
presence  of  some  substituting  atom  or  group  should  have  such  a 
marked  influence  on  ring  formation.  Although  it  recalls  the  failure  of 
Fittig  and  Erdmann  to  convert  cinnamic  acid  into  indone  (^Annalen, 
216,  179),  and  also  the  wide  difference  in  behaviour  between  this 
acid  and  some  of  its  substitution  derivatives  as  regards  their  con- 
densation to  indone  derivatives,  the  two  cases  can  hardly  be  quoted  as 
analogous,  because,  in  the  latter,  stereochemical  isomerism  may  play 
an  important  part,  as  already  suggested  by  Roser  and  others.  It  is 
not  impossible,  however,  that  hydrindone  is  actually  produced  under 
ihe  conditions  observed  by  v.  Miller  and  Rohde  ;  if  it  were  formed,  it 
would,  doubtless,  rapidly  undergo  condensation,  and  the  substance 
melting  at  about  134°,  may  be  identical  with  the  condensation  pro- 
duct described  later,  in  which  case  the  formation  of  the  ketone  would 
be  proved. 

As,  from  v.  Miller  and  Rohde's  experience,  and  from  the  results  of 
observations  made  by  the  author  on  the  behaviour  of  phenylpropionio 
acid  with  phosphoric  anhydride,  there  were  grounds  for  doubting  tlie 
possibility  of  devising  any  method  of -preparing  hydrindone  by  the 
action  of  dehydrating  agents  on  the  acid  in  question,  experiments 
"were  commenced  in  other  directions,  and  the  interaction  of  phenyl- 
propionic  chloride  and  aluminium  chloride  was  investigated  in  the 
hope  of  obtaining  the  ketone  in  accordance  with  the  equation 

CeHs-CHj-CH.-COCl  =  C6H4<^Q^>CH2  -f  HCl. 

This  work  had  not  been  carried  very  far,  and  had  not  led  to  any 
very  definite  results,  when  the  author's  attention  was  directed  to  a 
note  by  Hughes  (Proc,  96,  70),  who,  at  Marsh's  suggestion,  had 
attempted  to  prepare  hydrindone  in  the  above-mentioned  manner, 
but  without  success  ;  having  communicated  with  Marsh,  and  learnt 
that  he  did  not  intend  to  continue  the  work,  further  experiments 
were  made,  and  ultimately  it  was  found  that,  under  suitable  condi- 
tions, the  quantity  of  hydrindone  produced  by  the  action  in  question 
is  so  large  (namely,  about  55 — 60  per  cent,  of  the  theoretical)  that  the 
method  is  eminently  suitable  for  preparing  the  ketone,  and  is.  in  fact, 
the  best  which  is  at  present  known.  The  reason  that  Hughes'  experi- 
ments failed  is  not  far  to  seek  ;  in  this,  as  in  very  many  other  cases 
in  which  aluminium  chloride  is  used,  all  depends  on  the  conditious, 
and  a  slight  alteration  in  the  temperature,  in  the  solvent,  or  in  the 
relative  quantities  of  the  several  substances  may  reduce  the  yield  of 
the  desired  product  to  the  vanishing  point. 
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Having  now  afc  command  a  considerable  quantity  of  hydrindone, 
and  having  established  its  identity  with  the  ketone  described  by 
Gabriel  and  Hausmann,  and  by  Konig,  its  condensation  products 
and  a  number  of  its  derivatives  -were  investigated.  As  regards  the 
readiness  with  which  it  undergoes  condensation,  a-hydrindone  seems 
to  resemble  aa-diketohydrindene  (W.  Wislicenus,  Amialen,  246, 
347;  W.  Wislicenus  and  Kotzle,  ibid.,  252,  72,  and  W.  Wislicenus 
and  Reitzenstein,  ibid.,  277,  362)  far  more  closely  than  its  isomeride, 

/3-hydrindone,  C6H4<^g'>CO  (Benedikt,  Annalen,  21b,  351 ;  Schad, 

Ber.,  26,  222),  of  which  no  condensation  products  have  yet  been  de- 
scribed. This  is  clearly  shown  by  the  ease  with  which  a-hydrindone 
is  converted  into  "  anhydrobishydrindone  "  (p.  495)  on  treatment  with 
boiling,  moderately  dilute,  sulphuric  acid,  just  as  the  aa-diketo-com- 
pound  is  converted  into  "  anhydrobisdiketohydrindene  "  by  boiling 
water ;  as,  moreover,  the  similarity  doubtless  extends  to  the  constitu- 
tions of  the  two  products,  "  anhydrobishydrindone  "  may  be  repre- 
sented by  the  formula  (I),  which  corresponds  with  that  (II)  assigned 
by  Wislicenus  and  his  co-workers  to  the  substance  obtained  from 
diketohydrindene. 

-r      CkHi'C       C — CII2  TT     C/0    ClzC CeHi 

I.    r  M       II.  II.    I       II      I      . 

CH2-CH2  CO-CsHi  CeHi-CO  CH^-CO 

It  is  also  noteworthy  that  both  these  dimolecular  condensation  pro- 
ducts are  capable  of  undergoing  further  condensation,  "  anhydrobis- 
hydrindone "  yielding  the  hydrocarbon,  truxene,  as  already  shown, 
whereas  "  anhydrobisdiketohydrindene  "  gives  two  products,  one  of 
which  IS  red,  the  other  yellow  (Wislicenus  and  Reitzenstein,  loc.  cif.)  ; 
the  former  has  the  composition  (C9H40)„,  but  no  views  as  to  its  con- 
stitution are  put  forward ;  the  yellow  compound,  which  is  formed  in 
small  quantity  only,  was  not  analysed,  and  its  properties  are  not  de- 
scribed, so  that  it  would  seem  rash  to  suggest  its  identity  with  "  tri- 
benzoylenebenzene  "  (Trans.,  Ice.  cit.),  although  such  a  surmise  seems 
to  have  some  foundation  in  the  great  similarity  of  the  dimolecular 
condensation  products. 

There  is,  however,  a  marked  difference  in  the  behaviour  of  "  an- 
hydrobishydrindone "  and  "  anhydrobisdiketohydrindene"  with  respect 
to  their  capability  of  forming  metallic  derivatives  ;  whereas  the  latter 
dissolves  in  alkalis  affording  a  red  liquid,  and  forms  stable  compounds, 
the  former  is  insoluble,  gives  no  coloration,  and  is  apparently  incapable 
of  forming  metallic  derivatives ;  this  difference,  nevertheless,  is  in 
accordance  with  the  above  constitutional  formulae,  to  which,  in  con- 
sequence, it  affords  some  support. 

The  less  important  hydrindone  derivatives  which  have  been  pre- 
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pai'ed  reauire  no  special  mention  here,  but  one  other  point  of  interest 
may  be  referred  to,  and  that  is  the  conversion  of  hydrindone  oxime 
into  hydrocarbostyril  (p.  489).    The  formation  of  a  substitnted  amide 

R 

from   an   oxime,  in  accordance  with   the   equation    -rj,^C!NOH  = 

R'CO'NH-R'  or  R-NH-CO-R',  has  been  shown  to  occur  in  so  many 
instances,  and  in  the  case  of  compounds  so  widely  different  in  con- 
stitution, that  the  action  may  now  be  regarded  as  general;  hitherto, 
however,  it  has  been  applied  almost  exclusively  in  the  case  of  oximes 
of  open-chain  ketones,  and  the  study  of  the  behaviour  of  cycloid 
compounds,  under  similar  conditions,  has,  to  a  great  extent,  been 
neglected.  The  oxime  of  camphor,  one  of  the  few  closed-chain  com- 
pounds which  has  been  investigated  in  this  direction,  does  not  undergo 
intramolecular  change  on  treatment  with  acetic  chloride,  sulphuric 
acid,  phosphorus  pentachloride,  &c.,  but  yields  the  well-known  sub- 
stance, campholenonitrile  ;  menthonoxime  (Beckmann,  Annalen,  250, 
322  ;  Wallach,  Annalen,  0,11, 1  54),  carvoxime  (Golschmidt  and  Kisser, 
Ber.,  20,  2078),  thujonoxime  (Wallach,  loc.  cit.),  and  other  compounds 
of  this  class  yield  isomerides  of  unknown  constitution,  whereas  iso- 
nitroso-camphor  appears  to  undergo  the  normal  intramolecular  change 
as  shown  by  its  conversion  into  camphorimide  (Angelo,  JBer.,  26,  59, 
and  Manasse,  ibid.,  241).  The  only  case,  in  fact,  in  which  the  oxime 
of  a  cycloid  ketone  of  known  constitution  has  been  transformed  into  a 
substituted  amide  appears  to  be  that  of  phenanthraquinonemonoxime, 
which,  as  WegerhotF  has  shown  (Ber.,  21,  2355,  Annalen,  252,  1),  is 
converted  into  diphenimide,  the  closed  chain  of  6  carbon  atoms 
becoming  one  of  7  atoms  by  the  introduction  of  an  imido-group. 

CeH.-CO  ^     9«H^-C0 

CeHi-CINOH  CoH4-CO^ 

Phenanthraquinone-  Diphenimide. 

monoxime. 

It  was,  therefore,  a  matter  of  considerable  interest  to  study  the 

behaviour  of  hydinndone  oxime,  as  it  appeared  probable  that  it  might 

be  made  to  undergo  intramolecular  change  into  hydrocarbostyril  or 

ketotetrahydroisoquinoline. 

Hydrindone  oxime.  Ketotetraliydroiso-  Hydrocarbostyril. 

quinoline. 

The  desired  result  was  accomplished  with  the  aid  of  phosphorus 
pentachloride,  the  oxime  being  transformed  into  a  substance  which 
had  the  properties  of  hydrocarbostyril,  and  which  was  proved  to  bo 
that  compound  by  an  examination  of  its  crystal lographic  character. 
It  is  possible,  thei-efore,  to  introduce  an  imido-group  into  a  closed 
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chain  of  five  carbon  atoms,  and  thus  to  form  one  containing  six 
atoms,  a  process  which  recalls  the  conversion  of  pyrroliue  into  pyri- 
dine derivatives,  but  which  is  more  closely  analogous  to  the  produc- 
tion of  hydroquinoline  derivatives  from  those  of  indole  (E,  Fischer 
and  Steche,  Ber.,  20,  818,  2199  ;  Annalen,  242,  348). 

C6H,<^|>C-CH3  +  2CH3I  =  CeH,<^^-  9'^^^^  +  2HL 

Methylindole.  Dimethyltelraliydroquinoline. 

Phenylpropionic  Chloride,  CeHs'CHa'CHa'COCl. 
A  description  of  the  preparation  of  phenylpropionic  acid  (hydro- 
cinnamic  acid)  by  the  reduction  of  cinnamic  acid  with  sodium 
amalgam  is  unnecessary,  as  the  operation  is  simple  and  the  yield 
almost  quantitative;  in  preparing  the  acid  chloride,  however,  attention 
to  certain  details  is  imperative  in  order  to  obtain  a  good  yield,  so 
that  the  following  account  may  not  be  without  value  : — The  theo- 
retical quantity  (69  grams)  of  phosphorus  pentachloride  is  gradually 
added  to  dry  phenylpropionic  acid  (50  grams),  contained  in  a  large 
flask,  care  being  taken  not  to  add  it  too  quickly,  as  the  rapid 
evolution  of  hydrogen  chloride  causes  a  brisk  effervescence;  as  a 
rule,  the  whole  of  the  pentachloride  is  acted  on  after  a  very  short 
time,  but  if  this  be  not  the  case,  the  mixture,  which  is  already 
warm,  is  gently  heated  on  a  water  bath  until  a  homogeneous  yellow 
liquid  is  obtained.  A  large  pi'oportion  of  the  phosphorus  oxychloride 
may  now  be  distilled  off  under  ordinary  atmospheric  pressure,  but  as 
the  liquid  darkens  considerably  during  this  operation,  it  is  better  to 
carry  out  the  whole  of  the  distillation  under  reduced  pressure  ;  as  soon 
as  most  of  the  oxychloride  has  passed  over,  the  remaining  oil  is  frac- 
tionated under  a  pressure  of  not  more  than  about  35  mm.  Under  these 
conditions  the  phenylpropionic  chloride  passes  over  colourless,  leaving 
only  a  trace  of  brown  residue;  the  yield  is  about  95  per  cent,  of  the 
theoretical.  On  the  other  hand,  if  the  pressure  be  too  high,  a  large 
quantity  of  a  thick  black  tar  will  remain  in  the  distilling  flask,  and 
the  yield  consequently  diminished.  Phenylpropionic  chloride  is  a 
colourless,  mobile,  disagreeably  smelling  liquid,  and  has  all  the 
ordinary  properties  of  an  acid  chloride ;  it  boils  at  125 — 136"  under 
a  pressure  of  about  33  mm.,  and  at  154 — 155°  under  a  pressure  of 
about  75  mm.  ;  the  pure  substance  does  not  appreciably  decompose 
even  when  distilled  under  a  pressure  exceeding  75  mm. 

Preparation  of  Hydrindone  from  Phenylpropionic  Chloride. 
A  great  many  experiments  have  been  made  in  order  to  determine 
the  conditions  under  which  the  action  expressed  by  the  equation 

CeHs-CHj-CHj-COCl  =  CcH,<^Q>CH,  +  HCl 
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may  bo  best  brought  about  without  the  occurrence  of  secondary 
changes ;  the  following  is  the  method  finally  adopted.  Phenyl- 
propionic  chloride  (25  grams),  prepared  and  purified  in  the  manner 
described,  is  dissolved  in  petroleum  (40  grams)  boiling  at  60 — 70°, 
and  anhydrous  aluminium  chloride  (25  grams)  added  to  the  solution  ; 
the  flask  is  then  connected  with  a  reflux  condenser  and  gently  heated 
on  a  water  bath,  shaking  from  time  to  time,  until  the  liquid  begins 
to  boil  and  a  rapid  effervescence  sets  in  owing  to  the  evolution  of 
hydrogen  chloride.  The  flask  is  now  taken  off  the  water  bath  (but 
without  disconnecting  it  from  the  condenser)  and  placed  on  a  cloth 
until  the  evolution  of  gas  shows  signs  of  abating ;  it  is  then  replaced 
on  the  water  bath  and  heated  until  a  vigorous  action  again  sets  in. 
These  two  operations  are  repeated  alternately,  the  flask  being 
vigorously  shaken ;  two  experiments  may  conveniently  be  made 
simultaneously,  the  one  flask  being  heated  and  shaken  while  the 
other  is  on  the  cloth,  so  that  the  whole  of  the  operator's  attention  is 
occupied.  After  the  action  has  proceeded  for  a  short  time,  the  solu- 
tion tarns  brown,  the  aluminium  chloride  disappears,  and  the  pre- 
viously homogeneous  liquid  separates  into  two  layers,  the  lower  of 
which  becomes  very  thick  and  dark  brown,  whilst  the  petroleum  is 
but  slightly  coloured;  at  the  expiration  of  20  to  30  minutes  the 
evolution  of  hydrogen  chloride  suddenly  slackens,  although  it  does 
not  cease  completely,  and  the  operation  is  then  at  an  end. 

"When  quite  cold,  the  contents  of  the  flask  are  carefully  treated  with 
water  in  the  usual  way,  whereupon  the  brown,  tarry  liquid  below  the 
petroleum  gradually  changes  into  a  pale,  yellow,  semi-solid,  or  pasty 
mass  ;  this  substance  is  probably  some  additive  compound  of  hydrin- 
done  and  aluminium  chloride,  and  seems  to  be  fairly  stable  in 
presence  of  water ;  when,  however,  the  mixture  is  heated  on  a  water 
bath  the  yellowish  substance  undergoes  decomposition,  and  is  con- 
verted into  a  brown  oil,  which  dissolves  in  the  petroleum.  This  pre- 
liminary heating  is  by  no  means  necessary,  and  the  product  may  be  at 
once  submitted  to  distillation  in  a  current  of  steam  ;  the  petroleum, 
which  passes  over  during  the  first  few  minutes,  and  which  contains  very 
little  hydrindone,  may  be  collected  separately,  and  the  ketone  which 
afterwards  collects  in  the  receiver  as  an  oil,  but  which  solidifies 
readily  on  cooling  and  adding  a  crystal  of  the  pure  compound,  may 
then  be  separated  by  filtration ;  as,  however,  the  compact  crystals  of 
the  ketone  are  not  easily  dried,  it  is  better  not  to  change  the  receiver, 
but  to  continue  the  distillation  as  long  as  oil  passes  over,  and  then  to 
separate  the  petroleum  solution  of  the  hydrindone.  This  solution  is 
washed  with  dilute  sodium  carbonate  to  extract  small  quantities  of 
phenylpropionic  acid  (which  is  thus  recovered),  dried  with  calcium 
chloride,  and  the  petroleum  distilled  off  on  a  water  bath ;  the  oily 
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residue  is  slightly  yellow,  but  consists  of  practically  pure  hydrindone, 
and  on  cooling  solidifies  to  a  mass  of  almost  colourless  crystals,  which 
are  freed  from  petroleum  by  exposure  to  the  air. 

The  quantity  of  hydrindone  obtained  from  25  grams  of  phenyl- 
propionic  chloride  is  usually  about  11  grams,  or  55 — 60  per  cent,  of 
the  theoretical,  no  account  being  taken  of  the  small  quantity  (0"5 — 3 
grams)  of  the  acid  which  is  recovered ;  in  some  experiments  the  yield 
was  as  much  as  75  per  cent,  of  the  theoretical,  but  such  a  result  can 
only  be  attained  after  some  practice,  as  a  slight  change  in  the  condi- 
tions influences  the  course  of  the  action  to  a  very  great  extent.  If, 
for  example,  the  heating  be  too  long  continued,  only  traces  of  the 
ketone  may  be  obtained,  the  principal  product  being  a  thick,  brown 
oil,  which  is  not  volatile  with  steam  ;  the  nature  of  the  solvent  has 
also  considerable  influence,  depending  doubtless  on  its  boiling  point, 
for  if  carbon  bisulphide  be  employed  instead  of  light  petroleum,  a  yel- 
lowish, granular  powder  will  be  formed,  and  but  little,  if  any,  hydrin- 
done. A  few  experiments  were  made,  using  anhydrous  ferric  chloride 
in  the  place  of  the  aluminura  compound,  but  they  were  not  successful, 
the  chief  product  being  a  dark  brown  oil  which  did  not  distil  in 
steam. 

PJienylchlorojpropylenehydrindone,  CgHgO'CCKCH-CHo'CeHs. 

After  separating  the  hydrindone  by  steam  distillation,  there  re- 
mains in  the  flask  a  dark  brown,  very  thick  oil,  which  consists  partly 
of  phenylpropionic  acid,  partly  of  some  aluminium  compound.  If 
this  oil  is  separated  by  filtration,  washed  with  water,  and  dissolved  in 
cold  alcohol,  the  filtered  solution,  on  evaporation  at  ordinary  tempera- 
tures, yields  brown,  rosette-like  crystals,  which,  however,  do  not  melt 
sharply  even  after  several  recrystallisations,  and  which  are  decom- 
posed by  caustic  soda,  yielding  a  ketone,  alumina  passing  into  solu- 
tion. As  the  investigation  of  this  aluminium  compound  was  of  little 
interest,  the  crude  oil  was  dissolved  in  ether,  the  solution  shaken 
.with  soda  to  extract  the  phenylpropionic  acid  and  decompose  the 
aluminium  compound,  and  the  dried  ethereal  solution  evaporated ; 
the  brown,  oily  residue  was  then  repeatedly  extracted  with  boiling 
petroleum,  and  the  solutions  allowed  to  evaporate  at  the  ordinary 
temperature,  the  yellowish  crystals  which  were  deposited  being  sub- 
sequently recrystallised  from  the  same  solvent,  but  with  the  addition 
of  a  little  ethylic  acetate. 

The  substance  obtained  in  this  way  crystallised  in  lustrous,  colour- 
less plates,  and  melted  at  81 — 82°  ;  it  dissolved  freely  in  all  ordinary 
solvents  with  the  exception  of  light  petroleum,  in  which  it  was  only 
sparingly  soluble;  its  solution  in  acetic  acid  decolorised  potassium 
permanganate  at  ordinary  temperatures. 
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Ifc  contained  chlorine,  and,  on  analysis,  gave  results  pointing  to  the 
formula  CigHisClO. 

0-1540  gave  0-4324  CO,  and  00763  HjO  ;  C  =  76  57  ;  H  =  5-50. 

0-2111     „     0-1036  AgCl;  CI  =  12-14. 

CisHijCIO  requires  C  =  76-48;  H  =  5-31 ;  CI  =  1256  per  cent. 

Taking  into  consideration  its  origin  and  its  composition,  and  the 
fact  that  it  is  a  ketone  (as  shown  by  the  production  of  the  oxime  de- 
scribed later),  it  appeared  probable  that  the  formation  of  this  product 
Avas  due,  in  the  first  place,  to  the  interaction  of  phenylpropionic 
chloride  and  hydrindone  in  presence  of  aluminium  chloride ;  assum- 
ing that  this  action  took  a  normal  course,  it  would  give  a  substance 
of  the  composition,  C9H70'CO*CH2-CH2*C6H5,  which,  after  under- 
going tautomeric  change  into  C9H70'C(OH)".CH*CH2*C6H5,  might  be 
converted  into  a  chloroketone  of  the  constitution 

CoH^O-CCnCH-CHo-CeHj, 
by  the  action  of  the  hydrogen  chloride  which  is  generated  during  the 
formation  of  hydrindone. 

In  order  to  test  the  accuracy  of  this  view,  and  to  obtain  some  clue 
to  the  constitution  of  the  bye-product,  a  small  quantity  of  the  pure 
compound  was  boiled  with  dilute  nitric  acid  until  the  whole  of  the 
oil  was  oxidised  and  ruddy  fumes  ceased  to  be  evolved  ;  after  evapo- 
rating to  dryness  and  repeatedly  taking  up  with  water  to  get  rid  of 
the  nitric  acid,  a  yellowish,  solid  oxidation  product  remained,  which, 
when  heated  gently  between  watch-glasses,  sublimed  readily  in 
slender,  colourless  needles.  These  crystals  melted  at  128°,  had  the 
characteristic  appearance  of  phthalic  anhydride,  and,  after  being  dis- 
solved in  warm  caustic  soda  and  reprecipitated  with  hydrochloric 
acid,  yielded  a  substance  which  had  the  properties  of  phthalic  acid. 

This  result  shows  that  the  compound  in  question  has  not  been 
produced  by  the  substitution  of  a  phenylpropionyl  group, 

CeHs'CHj'CHa'CO-, 

for  hydrogen  in  the  benzene  nucleus  of  hydrindone,  that  is  to  say,  it 
is  not  derived  from  a  compound  of  the  constitution 

C.H,-CH2-CH2-CO-CeH3<gg>CH2, 

because,  if  it  had  been,  the  oxidation  products  would  have  been  ben- 
zoic acid  and  a  tricarboxy-derivative  of  benzene ;  it  is  probable, 
therefore,  that  the  chloroketone  has  the  constitution 

C6Hi<^Q>CH-CCi:CH-CH2-C6H5, 

although  the  evidence  is  insufficient  to  allow  of  any  definite  conclu- 
sion being  drawn. 
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The  oxime  of  the  chloi-oketone  may  be  prepared  in  the  usual  way, 
the  strongly  alkaline  solution  of  the  several  substances  in  dilute 
alcohol  being  kept  for  some  time  at  ordinary  temperatures  ;  on  add- 
ing water,  the  product  is  precipitated  in  needles  which,  although 
apparently  free  from  impurity,  do  not  melt  at  all  sharply,  and 
possibly  consist  of  a  mixture  of  stereoisomeric  oximes.  After  re- 
peated crystallisation,  first  from  alcohol  and  then  from  a  mixture  of 
petroleum  and  ethylic  acetate,  a  homogeneous  substance  is  obtained, 
and  analysis  showed  it  to  be  the  oxime  of  the  ketone  described 
above. 

0-1376  gave  0-3658  CO^  and  00679  H^O  ;  C  =  725  ;  H  =  5'5. 
CisHisCKNOH  requires  C  =  72-6 ;  H  =  5-3  per  cent. 

This  oxime  crystallises  in  long,  colourless  needles,  or  prisms  melt- 
ing, and  apparently  undergoing  slight  decomposition,  at  163 — 164°  ; 
it  is  readily  soluble  in  ether,  ethylic  acetate,  and  alcohol,  but  only 
moderately  so  in  boiling,  light  petroleum,  and  insoluble,  or  nearly  so, 
in  cold,  concentrated  hydrochloric  acid. 

a-Hydrindone  or  a-Ketohydrindene,  C6B.i<^p^^'^GS2' 

The  hydrindone  prepared  from  phenylpropionic  chloride  is  iden- 
tical with  the  compound  obtained  by  Gabriel  and  Hausmann  from 
ethylic  orthocyanobenzylacetate  (loc.  cit.),  and  by  Konig  from 
orthocarboxyhydrocinnamic  acid  Qoc.  cit.),  as  is  proved  not  only  by 
a  comparison  of  the  ordinary  properties  of  the  several  preparations, 
but  also  by  the  fact  that  they  yield  identical  derivatives  with 
hydroxylamine  and  phenylhydrazine  ;  as,  therefore,  it  is  unnecessary 
to  mention  those  properties  which  have  already  been  described,  a 
brief  statement  of  a  few  facts  which  have  not  yet  been  recorded  will 
suffice. 

In  spite  of  its  low  melting  point,  which  the  author  found  to  be 
40 — 41°  (Gabriel  and  Hausmann  give  40°,  Konig  gives  40 — 41°), 
hydrindone  may  be  easily  crystallised  from  light  petroleum,  from 
which  it  separates  in  irregular,  transparent  plates  ;  it  may  also  be  re- 
crystallised  from  water,  but  as  it  is  only  sparingly  soluble  in  it, 
petroleum  is  to  be  preferred ;  it  is  less  soluble  in  water  containing 
.sodium  carbonate  and  other  salts  than  in  pure  water.  The  manner 
in  which  hydrindone  solidifies  is  highly  characteristic,  large,  well- 
defined  four-sided  plates  are  formed  at  the  surface  of  the  liquid,  and 
then  gradually  become  merged  in  a  mass  of  smaller  irregular 
crystals. 

Perhaps  the  most  characteristic  property  of  hydrindone  is  the 
rendiness  with  which  it  undergoes  condensation,  either  alone  or  with 
aldehydes  and  ketones,  such  as  bcnzaldehyde  ar.d  acetone ;  if  boiled 
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with  moderately  dilute  sulphuric  acid,  it  yields  thO'  condensation 
product,  "anhydrobishydrindone,"  described  later,  whereas,  when 
heated  with  phosphoric  anhydride  or  with  concentrated  hydrochloric 
acid,  and  also  when  treated  in  many  other  ways,  it  is  converted  into 
the  hydrocarbon,  truxene  (loc.  cit.). 

Dr.  Perkin  very  kindly  measured  the  magnetic  rotation  of  hydrin- 
done  for  the  author,  as  it  seemed  of  interest  to  compare  the  results 
with  those  obtained  in  the  case  of  hydrindene  (W.  H.  Perkin,  jun., 
this  vol.,  228).     The  following  is  an  account  of  his  observations. 

"  a-Hydrindone. 
*'  Density. 

d  45745°  1-1011.        d50°l60''  1-0993.         (Z  55755°  1-0977. 

d  60760°  1-0962.        (Z  65765°  1-0947.         cZ  70770°  1-0934. 

d7^°l7h°  1-0921.        d  80780°  1'0908. 

"  Magnetic  Rotation  of  Fused  Substance. 

t.  Sp.  rotation.  Mol.  rotation. 

50-1°  2-0473  13-657 

"  Up  to  the  present  no  compound  absolutely  analogous  to  hydrin- 
done  has  been  examined.     The   nearest  to  it   is   hydrindene,    from 

which  it  differs  in  containing  CO  in  place  of  CH2  in  the  <^pTT^]>CH2 

group.  In  the  following  series — to  which  this  group  is  closely  allied 
—this  would  cause  a  diflference  of  rotation  of  about  —0-247  (Trans., 
1882,  41,  573),  and  on  comparing  the  rotation  of  these  two  com- 
pounds they  are  found  to  vary  by  this  amount. 

Mol.  rotation.  Diff. 

"  Hydrindene 13-904 ")  q.^^^ 

Hydrindene 13-657  J      "     ' 

"  The  rotation  of  hydrindone  being  made  at  50-1°  gives  a  result 
which  would  be  a  little  lower  at  the  temperature  at  which  the 
hydrindene  was  examined,  namely,  19-25°,  and  this,  if  allowed  for, 
would  make  the  above  difference  not  quite  so  large,  but  would  not  be 
enough  to  affect  it  greatly.  These  results,  therefore,  go  to  confirm 
the  relationship  of  these  two  compounds." 

Hydrindone  Oxime,  and  its  Conversion  into  Hydrocarhostyril. 

The  preparation  of  hydrindone  oximo  was  undertaken  partly  to 
ascertain  if  the  ketone  was  identical  with  the  a-hydrindone  of  Haus- 
mann  and  Konig,  but  more  particularly  in  order  to  investigate  its 
behaviour  with  acetic  chloride,  sulphuric  acid,  &c.  The  compound  in 
question  is  easily  obtained  by  warming  an  aqueous  alcoholic  solution 

VOL.  I,XT.  2   M 
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of  the  ketone  with  hydroxylaraine  hydrochloride  and  excess  of 
potash,  for  about  15  minutes  ;  water  is  then  added  in  coiasiderable 
quantity,  and,  after  cooling,  the  crystalline  product  is  separated  by 
filtration  and  recrystallised  from  hot,  dilute  alcohol ;  it  then  melts  at 
about  140",  but  after  having  been  crystallised  two  or  three  times  from 
a  mixture  of  chloroform  and  light  petroleum,  its  melting  point  rises 
to  and  becomes  constant  at  143 — 144°  (Konig  gives  144 — 144'5"  and 
Hausmann  146°). 

01694  gave  0-4562  CO2  and  0*0954  H^O  ;  C  =  73-4 ;  H  =  6-2. 
0-2079  gave  18-2  c.c.  moist  nitrogen  at  23"  and  760  ;  ]^  =  9-9. 
C9H9NO  requires  C  =  73-5  ;  H  =  6-1 ;  N  =  9-5  per  cent. 

The  ordinary  properties  of  the  oxime  having  already  been  placed 
on  record  by  Hausmann  and  Konig,  the  method  of  converting  it  into 
hydrocarbostyril  may  now  be  described.  In  the  first  place,  experi- 
xnents  were  made  wibh  sulphuric  acid,  but  without  success  ;  on  heating 
■vt,  solution  of  the  oxime  in  the  concentrated  acid  for  some  time  at  100°, 
no  change  took  place,  and  the  compound  obtained  on  subsequently 
adding  water  and  dilute  sodium  carbonate,  melted  at  143 — 144°,  and 
had  all  the  properties  of  the  original  oxime.  Acetic  chloride  was 
then  tried,  the  dry  oxime  being  treated  with  a  considerable  excess  of 
this  liquid  a<-  the  ordinary  temperature ;  slight  development  of  heat 
■occan-ed  and  the  crystals  became  opaque,  owing  to  the  formation  of 
the  hydrochloride,  but  very  little  further  action  took  place.  On 
warming  gently,  however,  the  crystals  slowly  dissolved,  and  hydrogen 
chloride  was  evolved,  owing  to  the  formation  of  an  (icei7/Z-derivative  ; 
the  latter  was  isolated  by  evaporating  the  solution  almost  to  dryness 
and  then  adding  a  little  light  petroleum,  when  it  was  precipitated  in 
colourless  needles,  which  after  recrystallisation  from  light  petro- 
leum melted  at  845 — 85"5° ;  it  was  readily  soluble  in  all  the  ordi- 
nary solvents,  and,  when  boiled  with  alcoholic  potash  for  a  short  time, 
it  was  converted  into  the  oxime,  melting  at  143 — 144^,  and  not  into 
the  desired  isomeride. 

These  experiments  having  failed,  it  became  necessary  to  try  phos- 
phorus pentachloride ;  as,  however,  an  almost  explosive  action 
occurred  when  the  two  solid  substances  were  brought  together,  the 
oxime  was  dissolved  in  dry  ether  and  a  molecular  proportion  of  the 
pentachloride  added  in  small  portions  at  a  time.  A  fairly  vigorous 
action,  which  necessitated  cooling,  set  in,  and  a  colourless  powder 
separated  from  the  solution  in  large  quantities ;  this  substance,  how- 
ever, contained  chlorine  &vd  was  doubtless  the  hydrochloride  of  the 
oxime,  as  it  gave  an  immediate  precipitate  with  silver  nitrate,  and 
was  converted  into  the  oxime  on  treatment  with  sodium  carbonate. 
The  mixture  was,  therefore,  heated  on  a  water  bath  for  about  6  hours, 
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daring  which  time  traces  of  hydrogen  chloride  seemed  to  pass  off, 
but  otherwise  no  visible  change  occarred ;  a  quantity  of  penta- 
chloride  equal  to  that  already  taken  was  then  added,  and  the  mixture 
again  heated  on  the  water  bath  tor  about  two  hours,  when  the  greater 
part  of  the  solid  had  dissolved,  and  the  solution  had  become  pink. 
After  cooling,  water  was  added,  the  ethereal  solution  separated  with 
the  aid  of  a  funnel,  and  the  residue,  A,  extracted  two  or  three  times 
with  ether.  This  ethereal  solution,  which  had  the  colour  of  dilute 
potassium  permanganate,  was  washed  with  water,  dried,  and  the 
ether  evaporated,  when  a  dark  brownish-pink  oil  was  left ;  this, 
on  being  submitted  to  distillation  in  a  current  of  steam,  was  resolved 
into  a  pale-yellow,  volatile  oil,  and  a  crystalline,  non-volatile  sub- 
stance, which  was  deposited  in  pink  crystals  on  filtering  the  hot, 
aqueous  solution  which  remained  in  the  distilling  flask. 

This  crystalline  product  was  purified  by  recrystallisation  from 
alcohol  and  ether,  dried  at  100°,  and  analysed. 

0-1586  gave  0-4126  COo.  and  0-0874  HjO  ;  C  =  73-3,  H  =  6-3. 
CflHgNO  requires  C  =  73-5  ;  H  =  6-1  per  cent. 

This  result,  taken  in  conjunction  with  the  fact  that  the  compound 
melted  at  163°,  which  is  the  melting  point  of  hydrocarbostyril,  in- 
dicated its  identity  with  the  last-named  substance,  and  this  view 
was  confirmed  by  an  examination  of  its  properties ;  it  was  readily 
soluble  in  alcohol,  ether,  and  hot  concentrated  hydrochloric  acid,  and 
crystallised  from  these  solvents  in  well-defined  prisms.  Notwith- 
standing this  agreement  in  properties,  the  question  of  identity  could 
hardly  be  considered  as  satisfactorily  established,  since  it  was  quite 
possible  that  the  compound  melting  at  163°  might  be  a  stereo- 
chemical isomeride  of  hydrindone  oxime,  which,  were  it  known,  would 
probably  crystallise  unchanged  from  hydrochloric  acid,  and  be  soluble 
in  the  above  mentioned  liquids  ;  for  this  reason,  the  following  crystallo- 
graphic  examination,  for  which  I  am  indebted  to  Mr.  W.  J.  Pope, 
was  necessary  to  settle  the  matter  beyond  doubt. 

"  Hydrocarbostyril  has  been  examined  crystallographically  by 
Backstrom  (Groth's  Zeit.  f.  Krys.,  17,  427)  ;  the  crystals  are  ortho- 
rhombic,  with  the  axial  ratio  a:b  :c  =^  0-5980  :  1 :  0-6043,  and  exhibit 
the  forms  {HO},  {Oil},  sometimes  also  the  pinakoid  {001}.  This 
description  holds  for  the  hydrocarbostyril  obtained  by  Dr.  Kipping ;  on 
crystallising  the  substance  from  alcohol  on  a  microscope  slide,  crystals 
were  obtained  in  which  the  form  o{001}  is  the  predominant  one  ;  the 
angle  between  the  traces  of  the  planes  (HO)  and  (lIO)  on  (001)  was 
measured  under   the  microscope   and  the   axial  ratio   a  :  6  =  cotan. 

ji was  found  to  be  0-5961,  a  number  agreeing  well  with  that 

2  M  2 
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given  by  Backstrom,  considering  tlie  large  error  to  which,  microscopic? 
measurements  of  angles  are  unavoidably  liable. 

"The  angles  110  :  lIO  and  Oil :  Oil  were  also  measured  on  large 
crystals,  deposited  from  a  solution  in  dilute  methyl  alcohol,  and  agreed 
well  with  the  measurements  given  by  Backstrom.  The  crystals 
obtained  by  the  latter  possessed  a  very  good  cleavage  parallel  to  the 
basal  pinakoid  {001};  this  observation,  however,  was  not  confirmed, 
the  crystals  obtained  by  Dr.  Kipping  showing  only  a  poor  concho'idal 
cleavage  parallel  to  {001}.  The  optic  axial  plane  is  (100),  and  (001) 
is  normal  to  the  acute  bisectrix ;  the  optic  axes  were  seen  emerging 
through  this  latter  face.  Although  the  optic  axial  angle  could  not 
-be  measured  through  a  cleavage  plate,  the  close  agreement  of  these 
crystals  with  those  examined  by  Backstrom,  both  in  geometrical  and 
optical  properties,  leaves  no  doubt  that  the  substance  in  question  is 
by  drocarbostyril . " 

The  quantity  of  hydrocarbostyril  obtained  in  the  manner  described 
above  was  very  small  (less  than  10  per  cent,  of  the  theoretical), 
because  the  greater  portion  of  this  product  remained  in  the  strongly 
acid  aqueous  solution,  A,  which  had  been  extracted  with  ether;  when 
this  solution  was  rendered  strongly  alkaline  with  soda,  a  consider- 

•  able  quantity  of  a  dark-green  oil,  B,  having  a  basic  odour,  was  pre- 
cipitated, but  on  acidifying  again  with  dilute  sulphuric  acid  the  oil  was 
partly  redissolved.  The  portion  insoluble  in  weak  acid  was  extracted 
with  ether  and  chloroform,  the  dried  extract  filtered  from  traces  of 

•  some  phosphorus  compound,  and  evaporated ;  ether  was  then  added 
to  the  oily  residue,  the  solution  filtered  from  a  dark-green,  serai-solid 
precipitate  and  allowed  to  evaporate.  In  this  way,  a  second  and 
rather  larger  crop  of  hydrocarbostyril  was  obtained,  but  it  did  not 
crystallise  very  readily  owing  to  the  presence  of  oily  impurity. 

The  various  bye-products  formed  in  the  above  reactions  were  not 
further  investigated,  except  in  so  far  that  the  substance  to  which  the 
odour  of  the  green  oil,  B,  was  due,  was  proved  to  be  a  primary  amine 
by  means  of  the  carbylamine  reaction. 

r\-LX 

Isonitrosohydrindone,  C6H4<^pj-^^^CiNOH. 

Isonitrosohydrindone  may  be  prepared  by  slowly  adding  a  concen- 
trated aqueous  solution  of  sodium  nitrite  to  a  cold  solution  of  the 
ketone  in  glacial  acetic  acid,  any  hydrindone  which  is  precipitated 
being  redissolved  by  adding  acetic  acid ;  on  afterwards  allowing  the 
solution  to  evaporate  at  ordinary  temperatures,  the  isonitroso-deriva- 
tive  is  deposited  in  yellowish  crystals. 

0*1532  gave  11*1  c.c.  moist  nitrogen  at  21°  and  757  mm.     N  =  82. 
C9H7N'02  requires  N  =  8*7  per  cent. 
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Isonitrosohydrindone  crystallises  from  boiling  benzene  in  flat  needles 
or  prisms,  which  have  a  yellowish  colour  ;  it  turns  black  at  about 
l!00°,  when  heated  moderately  slowly,  but  when  the  capillary  tube  is 
placed  in  acid  at  about  210°  it  melts  and  decomposes  at  218 — 220° ; 
it  is  rather  sparingly  soluble  in  boiling  chloroform,  and  also  in 
cold  alcohol.  It  dissolves  in  warm  soda,  and  also  in  concentrated 
ammonia,  giving  yellow  solutions,  but  on  acidifying  they  become 
colourless  ;  its  solution  in  aqueous  alcohol  gives  only  a  pale,  yellowish- 
brown  coloration  with  ferric  chloride,  but,  on  warming,  the  colour 
becomes  much  more  intense,  fading  away  again  on  cooling ;  this 
alternation  may  be  brought  about  many  times. 

Hydrindonehydrazone,  CjH4<[p,.^  TTpi^{!!> 

This  compound  was  first  obtained  during  some  experiments  on  the 
action  of  phosphoric  anhydride  on  phenylpropionic  acid  (tbis  vol., 
p.  2G9) ;  the  brown  mass  produced  on  heating  these  two  substances 
together  at  about  180°,  having  been  submitted  to  distillation  in  a 
current  of  steam,  the  clear  distillate  was  heated  to  boiling  and  a 
small  quantity  of  phenylhydrazine  acetate  added,  whereupon  a  yel- 
lowish turbidity,  which  gradually  changed  on  cooling  to  a  crystalline 
precipitate,  was  produced.  This  product  was  separated  by  filtration, 
purified  by  recrystallisation  from  hot  dilute  alcohol,  and  dried  orer 
sulphuric  acid  ;  analyses  and  an  examination  of  its  properties  proved 
rt  to  be  the  hydrazone  of  a-hydrindone. 

0-1720  gave  0-5079  CO,  and  0-0981  H^O ;  C  =  80-5;  H  =  6-3. 
0-1579     „     0-4669     „     „     0-0906     „     ;  C  =  80-6 ;  H  =  6-4. 
0-2085     „      23-6  c.c.  moist  nitrogen  at  15°  and  755  mm. ;  N  =  13-2. 
C15H11N2  requires  C  =  81*1 ;  H  =  6-3 ;  X  =  126  per  cent. 

It  crystallises  from  boiling  light  petroleum,  in  which  it  is  only 
sparingly  soluble,  in  very  pale  yellow  plates  or  prisms,  and  is  readily 
soluble  in  most  of  the  ordinary  solvents ;  like  many  other  hydrazones, 
it  slowly  undergoes  complete  decomposition,  becoming  pink  in  the 
first  place,  on  exposure  to  the  air,  a  fact  previously  noticed  by 
Hausmann.  Various  preparations,  which  had  been  repeatedly  crys- 
tallised, sintered  together  at  about  124°,  and  melted  and  decomposed 
at  127 — 128°,  whereas  the  melting  point  given  by  Konig  is  130 — 131°, 
and  Hausmann  simply  states  that  the  hydrazone  turns  brown  at  120'^ 
and  sinters  to  a  brown  oil  a  few  degrees  above  this  temperature  ;  it  is 
probable  that  as  the  substance  is  very  unstable  these  differences 
depend  to  a  great  extent  on  the  rate  of  heating. 

The  formation  of  hydrindonehydrazone  under  the  above  conditions 
proves  that  the  ketone  may  be  produced  by  the  direct  withdrawal  of 
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water  from  phenylpropionic  acid,  so  that  its  non-formation  under  the 
conditions  employed  by  v.  Miller  and  Rohde  (loc.  cit.)  would  seem 
rather  improbable  ;  the  yield,  however,  is  very  small,  and  even  when 
the  theoretical  quantity  (1  mol.)  of  phosphoric  anhydride  is  employed 
(instead  of  2  mols.,  as  in  preparing  truxene),  it  is  less  than  5  per 
cent,  of  the  acid  taken. 

On  endeavouring  to  regenerate  hydrindone  from  its  hydrazone,  by 
heating  the  latter  for  some  time  with  moderately  concentrated  hydro- 
chloric acid  in  alcoholic  or  glacial  acetic  acid  solution,  a  crystalline 
substance  was  deposited  on  adding  water  and  then  cooling  ;  this  pro- 
duct, however,  was  not  the  desired  ketone  but  a  compound  of  the 
composition  CiaHuN,  as  shown  by  the  following  analysis. 

0-1513  gave  0-48G7  CO2  and  0-0757  Ho.O;  C  =  87-7;  H  =  5-56. 

0-1965  „  11-9  c.c.  moist  nitrogen  at  19°  and  758  mm. ;  N  =  7-0. 
CisHiiN  requires  C  =  87*8;  H  =  5-4;  K  =  6-8  per  cent. 

Its  formation  may,  therefore,  be  expressed  by  the  equation 

C,5Hi4N2  =  C:5H„N  +  mi,, 

and  it  is  doubtless  identical  with  the  "  orthobenzyleneindene "' 
obtained  by  Hausmann  (loc.  cit.)  under  similar  conditions,  as  most  of 
its  properties  were  found  to  be  in  accordance  with  his  statements ; 
the  melting  point  he  gives  (235°)  is,  however,  too  low  as,  even  when 
heated  moderately  slowly,  the  substance  does  not  melt  until  the  tem- 
perature rises  to  about  245°,  although  it  darkens  from  about  235° 
upwards.  Here,  again,  the  discrepancy  is  obviously  due  to  decom- 
position taking  place,  the  compound  having,  in  fact,  no  definite 
melting  point ;  when  contained  in  a  capillary  tube  and  plunged  into 
sulphuric  acid  at  250°  it  does  not  immediately  liquefy,  but  rapidly 
undergoes  decomposition  into  a  black  oil,  part  su.bliming  unchanged 
in  colourless,  lustrous  plates. 

No  experiments  were  made  to  ascertain  whether  the  constitution 
of  this  substance  is  represented  by  the  formula  suggested  by 
Hausmann,  but  molecular  weight  determinations  by  the  ebullition 
method  in  phenol  solution  gave  results  which  agreed  well  with  those 
required  by  a  compound  of  the  molecular  formula  given  above  (this 
vol.,  loc.  cit.). 

The  high  melting  point  and  the  comparatively  slight  solubility  of 
*'  orthobenzyleneindene  "  render  it  serviceable  in  the  detection  of 
small  quantities  of  hydrindone,  the  test  being  carried  out  as  follows  : 
The  oil,  or  the  solution,  is  boiled  for  a  few  minutes  with  a  few  drops 
of  pure  phenylhydrazine  and  a  little  glacial  acetic  acid,  arid  the  hjdr- 
azone,  which  is  very  readily  formed,  is  then  precipitated  by  adding 
water;  if  this  product  be  suflBciently  pure  it  will  solidify,  and  may 
be  recrystallised  from  alcohol  and  identified  in  the  usual  manner,  but 
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if  not,  it  is  boiled  with  concentrated  hydrocliloric  acid  until  all  the 
oily  impurities  have  volatilised  with  the  steam,  and  the  liydrazone  has 
been  converted  into  orthobenzyleneindene  ;  the  last-named  compound 
separates  from  the  acid  in  crystals,  and  is  easily  obtained  in  a  state 
of  purity. 

Nitroliydrindofie,  C9H70*N02. 

The  preparation  of  nitrohydrindone,  except  in  small  quantities, 
is  by  no  means  easy,  and  is  not  always  successful,  owing  to 
the  fact  that  if  very  concentrated  acid  is  employed  the  reaction 
sometimes  gets  beyond  control,  whereas,  when  dilute  acid  is  usad 
nitration  does  not  take  place  very  readily.  The  following  de- 
scription, however,  may  be  given  as  an  approximate  statement 
of  suitable  conditions.  The  pure  ketone  is  added  in  small  por- 
tions at  a  time  to  nitric  acid  of  sp.  gr.  1'5,  care  being  taken  that 
the  temperature  does  not  rise  above  about  15°  ;  after  keeping  for 
a  few  minutes,  the  solution  is  poured  into  water,  and  the  mixture  left 
until  the  nitro-compound,  which  is  precipitated  as  an  oil,  has  com- 
pletely solidified.  The  product  is  then  separated  by  filtration,  well 
washed  with  water,  and  dried  in  the  air,  after  which  it  is  repeatedly 
recrystallised  from  a  mixture  of  chloroform  and  light  petroleum  ;  this 
operation  is  attended  with  considerable  diflficulty,  as,  owing  to  the 
presence  of  some  impurity,  the  substance  is  generally  deposited  as  a 
brown  oil ;  finally,  however,  it  is  obtained  in  colourless  crystals, 
which  consist  of  the  mononitro-derivative,  as  shown  by  the  following' 
analysis, 

0-1591  gave  0-3546  CO^  and  0-0573  HoO.     C  =  60-8 ;  H  =  4-0. 
CsH^O-NOo  requires  C  =  610  ;  H  =  3-9  per  cent. 

Nitrohydrindone  crystallises  from  boiling  light  petroleum — in  which 
it  is  only  very  sparingly  soluble — in  long,  slender  needles  ;  it  dissolves 
freely  in  most  other  solvents,  even  in  the  cold,  and,  on  evaporating 
the  solutions  at  ordinary  temperatures,  it  is  deposited  in  compact 
prisms  ;  its  melting  point  is  77 — 78°. 

Condensation   Products    op   a-HyoRiNDONE. 

,,        ,         ,  7  7-7  7.7  ,,     CyeHjt'C  C CH2 

Anhydrohtshjdrindone,"  ^j^  _^^     ^q,^  jj  • 

The  study  of  the  condensation  of  products  of  hydrindone  was 
undertaken  with  the  object  more  especially  of  determining  the  consti- 
tution of  truxene  (loc.  cit.),  and  it  has  already  been  shown  that  this 
hydrocarbon  may  be  obtained  from  the  ketone  in  a  great  many  ways ; 
under  certain  conditions,  however,  hydrindone  yields  what,  compared 
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with  truxene,  may  be  regarded  as  a  primary  condensation  product, 
the  properties  of  which  have  not  yet  been  described. 

This  compound  is  formed  in  small  quantities  when  hydrindone  is 
dissolved  in  ether  and  treated  with  phosphorus  pentachloride,  but  the 
chief  product  is  a  colourless  oil,  which  is  volatile  with  steam,  and 
which  is  probably  identical  with  the  dichlorindene  described  by  Haus- 
mann.  It  is  also  produced  when  hydrindone  is  gently  heated  with 
concentrated  sulphuric  acid  for  a  few  minutes  and  the  solution  then 
poured  into  water ;  the  precipitate  consists  of  a  mixture  of  truxene 
and  the  primary  condensation  product,  but  the  yield  is  poor. 

The  best  method  of  preparing  the  substance  in  question  is  by 
boiling  hydrindone  for  some  time  with  moderately  dilute  sulphuric 
acid,  and  the  operation  is  so  simple  that  a  detailed  account  is  unneces- 
sary. It  may  be  noted,  however,  that  when  a  mixture  of  equal  volumes 
of  the  commercial  acid  and  water  is  employed,  the  process  occupies 
about  10  minutes,  and  the  product  consists  of  about  equal  parts  of  hydro- 
carbon and  primaiy  condensation  product ;  when,  on  the  other  hand, 
more  dilute  acid  is  used  (say,  one  volume  to  two  of  water),  the  pro- 
portionate quantity  of  hydrocarbon  is  considerably  smaller,  but  the 
operation  takes  much  longer ;  it  is  therefore  advisable  to  separate  the 
condensation  products  from  the  unchanged  hydrindone  from  time  to 
time  with  the  aid  of  very  dilute  alcohol,  as  in  this  way  the  formation 
of  truxene  is  reduced  to  a  minimum. 

The  solid  mixture  finally  obtained  is  boiled  with  alcohol,  the 
solution  filtered  from  hydrocarbon,  and  the  crystalline  substance 
Avhich  is  deposited  on  cooling  purified  by  recrystallisation  from 
alcohol  or  ethylic  acetate. 

This  condensation  product  has  the  molecular  formula  CisHuO,  as 
proved  by  the  analyses  and  by  the  results  of  molecular  weight  deter- 
minations in  boiling  aniline  solution,  both  of  which  have  been  already 
recorded  (this  vol.,  loc.  cit.)  ;  as,  therefore,  it  is  formed  from  2  mols. 
of  hydrindone  with  elimination  of  1  mol.  of  water,  just  as  "  anhydro- 
bisdiketohydrindene  "  is  produced  from  diketohydrindene  (loc.  cit.), 
it  may  be  named  "  anhydrobishydrindone,"  and  its  constitution  may 
be  represented  by  the  formula  given  above  or  by  the  tautomeric  ex- 
pression. 

"  Anhydrobishydrindone "  crystallises  from  alcohol  and  ethylic 
acetate  in  pale  yellow  needles  or  prisms,  melts  at  142 — 143",  and  is 
readily  soluble  in  most  of  the  ordinary  solvents  at  their  boiling 
points  ;  it  is,  however,  insoluble  in,  and  apparently  unchanged  by, 
wai-ra  concentrated  soda  and  ammonia,  in  which  respect  it  differs 
very  markedly  from  "  anhydrobisdiketohydrindene."  Its  solution  in 
glacial  acetic  acid  decoloriRes  potassium  permanganate  at  ordinary 
temperatures,  but  the  oxidation  product  was  not  examined.  Although 
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according  to  the  above  view  of  its  constitution,  this  condensation 
product  is  a  ketone,  it  does  not  interact  readily  with  hydroxylamine 
in  alkaline  alcoholic  solution,  and,  even  after  heating  on  the  water 
bath  for  some  time,  it  is  not  converted  into  an  oxime ;  moreover,  its 
behaviour  with  phenylhydrazine  also  appears  to  be  abnormal.  In 
both  respects  further  investigation  is  necessary. 

The  conversion  of  "  anhydrobishydrindone  "  into  truxene  on  treat- 
ment with  moderately  dilute  sulphuric  acid  or  with  phosphoric 
anhydride  has  already  been  described,  but  hitherto  all  attempts  to 
resolve  it  into  2  molecules  of  hydrindone  have  been  unsuccessful ;  in 
one  experiment,  the  compound  was  boiled  with  sulphuric  acid,  diluted 
with  an  equal  volume  of  water,  and  steam  passed  through  the 
mixture  at  the  same  time,  but  not  a  trace  of  hydrindone  could  be 
detected  in  the  distillate,  although  a  considerable  quantity  of  truxene 
was  formed.  This  i*esalt  affords  evidence  in  support  of  the  dimole- 
eular  formula  for  the  hydrocarbon,  because,  if  it  had  the  trimolecular 
formula,  it  must  be  assumed  that  the  "  anhydrobishydrindone  "is  first 
i-esolved  into  2  molecules  of  hydrindone,  which  then  undergo  conden- 
sation in  a  different  manner. 

Bromo-derivative  of  "  Anhydrobisliydvirtdone." — "  Anhydrobishydrin- 
done "  seems  to  combine  directly  with  bromine,  yielding  an  additive 
compound,  which  is  unstable  at  ordinary  temperatures,  undergoing  de- 
composition into  hydrogen  bromide  and  a  substance  of  the  composition 
CigHisBrO ;  the  latter  is  therefore  obtained  on  adding  the  halogen  in 
molecular  proportion  to  a  chloroform,  solution  of  "  anhydrobis- 
hydrindone "  and  warming  the  solution,  from  which  a  yellowish- 
brown  powder  is  deposited,  until  the  evolution  of  gas  is  at  an  end ; 
the  product  is  then  separated  by  filtration,  washed  with  hot  ethylic 
acetate,  and  recrystallised  from  boiling  glacial  acetic  acid. 

0  2612  gave  0-1498  AgBr.     Br  =  24-4. 

CisHiaBrO  requires  Br  =  24*6  per  cent. 

"  Bromanhydrobi.shydrindone"  crystallises  in  light  yellow  needles 
or  prisms,  which  gradually  become  yellowish-brown  on  exposure  to  the 
air ;  it  is  soluble  in  boiling  ether,  alcohol,  light  petroleum,  &c.,  but 
by  no  means  readily,  although  it  dissolves  freely  in  boiling  acetic 
acid.  It  has  no  very  definite  melting  point,  but  begins  to  decompose 
even  below  180°  ;  when  the  capillary  tube  containing  the  substance 
is  placed  in  sulphuric  acid  at  about  190°,  and  the  temperature  quickly 
raised,  the  melting  or  decomposition  point  is  about  194 — 195°. 

The  constitution  of  this  substance  is  probably  represented  by  the 
formula 

CfiH^-C CBr-CHa         CeHi-CBr— CzzCH 

I         II        T        I      ■*    or    I "    *  I  I       I       , 

CHj-CH    CO-CeH*        CHj-CHj    CO-CeH* 
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and  of  the  two,  for  reasons  given  below,  the  former  is  perhaps  the 

more  likely ;  in  either  case,  it  would  appear  to  have  little  analogy 

to   the    bromo-derivative   of    "  anhydi'obisdiketohydrindene,"    which, 

according  to  the  vieAvs  of  Wislicenns  and  Reitzenstein  (loc.  cit.),  is  a 

product  of  direct  substitution. 

The    principal    object    in    studying    the    action    of    bromine    on 

"  anhydrobishydrindone "  was  to  obtain,  if  possible,  a  monobromo- 

derivative,  which,  like  the  parent  substance,  might  be  caused  to  lose 

the  elements  of  water,  yielding  a  brominated  hydrocarbon   of   the 

.      .       CeHi-C— C— CHBr     .,     ,  ,  .  ,  ,        , 

constitution    i  i i       i  ;  if,  then,  this   product  were   found 

CH2— 0 C — CeHi 

to  be  a  monobromo-derivative  of  truxene,  the  molecular  formula  of 
the  hydrocarbon  might  have  been  deduced  with  tolerable  certainty. 
For  this  reason,  and  in  spite  of  the  fact  that  there  were  grounds  for 
doubting  that  the  bromo-compound  had  been  formed  by  direct  sub- 
stitution, many  attempts  were  made  to  bring  about  its  intramolecular 
condensation,  and  to  obtain  a  substance  of  the  composition  CigHnBr. 
It  was  boiled  with  moderately  dilute  sulphuric  acid,  heated  with 
phosphoric  anhydride  under  various  conditions,  and  treated  in  many 
other  ways,  but  in  no  case  could  the  formation  of  the  desired  product 
be  detected,  either  dark  coloured,  readily  soluble,  amorphous  substances 
were  produced,  or  the  bromo-derivative  remained  unchanged.  The 
experiments  were  therefore  abandoned,  and  the  more  readily  because 
it  was  noticed  that,  when  change  did  occur,  it  was  usually  accom- 
panied by  evolution  of  hydrogen  bromide,  so  that,  even  if  condensa- 
tion had  taken  place,  the  composition  of  the  product  would  have 
thrown  no  light  on  the  point  at  issue. 

It  cannot,  however,  be  inferred  from  the  failure  of  these  experi- 
ments that  a  compound  represented  by  the  second  of  the  above  two 
formulae  is  incapable  of  undergoing  condensation ;  it  might,  in  fact, 
be  concluded,  with  perhaps  even  greater  reason,  that  the  non-formation 
of  a  condensation  product  is  evidence  in  favour  of  the  other  one,  or 
that  the  constitution  of  the  bromo-derivative  is  really  represented  by 
one  of  several  other  admissible  formulte. 

ft-Benzylidene-cc-hydrindone,  CeHi-c^p^^^ C.CH-CoHs. 

a-Hydrindone,  like  aa-diketohydrindcne  (Wislicenus  and  Kotzle, 
loc.  cit.),  readily  undergoes  condensation  with  benzaldehyde ;  when 
the  former  is  dissolved  in  the  latter,  and  a  little  alcoholic  potash 
added,  heat  is  generated,  and,  after  a  very  short  time,  crystals  are 
deposited,  the  mixtui-e  gradually  solidifying  almost  completely, 
especially  on  warming  gently.  The  product  is  separated  by  filtration, 
washed  with  water,  and  reci*ystallised  from  hot  alcohol,  by  whieh 
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means  it  is  separated  from  traces  of  some  other  substauce  of  higher 
melting  point. 

0-1607  gave  0-5122  COo  and  00832  HoO ;  C  =  86-8  ;  H  =  5-7. 
CieHiaO  requires  C  =  87-3  ;  H  =  5-4  per  cent. 

The  analysis  shows  that  this  compound  is  produced  in  accordance 
with  the  equation 

so  that,  for  many  reasons,  its  constitution  is  probably  that  given 
above. 

Benzylidenehydrindone  crystallises  from  boiling  light  petroleum 
(b.  p.  80 — 90"^)  in  well-deQned,  very  pale  yellow  plates  aiid  prisms, 
and  is  readily  soluble  in  ether,  benzene,  and  chloroform  at  ordinary 
temperatures ;  it  seems  to  be  insoluble  in,  and  unacted  on  by,  boiling 
soda,  whereas  benzylidenediketohydrindene  is  decomposed  with  form- 
ation of  benzaldehyde.  The  crystals  obtained  from  a  solution  of 
benzylidenehydrindone  in  a  mixture  of  chloroform  and  light  petroleum 
melt  sharply  at  109 — 110°  ;  if,  however,  after  the  substance  has 
solidified,  it  is  re- heated,  it  melts  at  about  90",  but  not  always  com- 
pletel}^  the  remainder  melting  at  109 — 110°.  In  some  cases,  the 
portions  which  have  been  melted  once,  begin  to  liquefy  at  90°,  and 
then,  although  the  temperature  is  rising,  gradually  become  completely 
solid,  melting  for  the  second  time  at  109 — 110° ;  it  is  also  a  curious 
fact  that  the  presence  of  the  liquid  formed  by  the  crystals  melting  at 
90°  does  not  lower  the  melting  point  of  the  modification  which 
liquefies  at  109 — 110° ;  on  keeping  the  crystals  of  lower  melting  point 
at  ordinary  temperatures,  they  are  transformed  into  the  more  stable 
modification. 

On  adding  bromine  to  a  solution  of  benzylidenehydrindone  in 
chloroform,  combination  takes  place,  but  not  very  readily  at  the 
ordinary  temperature,  and  only  traces  of  hydrogen  bromide  are 
evolved  ;  after  a  short  time,  the  solution  deposits  an  almost  colourless 
compound,  which  is  separated  by  filtration  and  crystallised  from 
boiling  light  petroleum.  This  product  is  benzylidenehydrindone 
dibromide,  and  has  the  composition  CieHijBroO. 

0-1602  gave  02963  COj  and  0-0478  H2O;  C  =  504;  H  =  3-3. 
CieHijBrjO  requires  C  =  505 ;  H  =  32  per  cent. 

It  crystallises  from  petroleum,  alcohol,  <fec.,  in  colourless  needles, 
melts  at  144 — 145°  with  slight  decomposition,  and  is  readily  soluble 
in  benzene,  but  only  moderately  so  in  hot  alcohol  and  petroleum,  and 
almost  insoluble  in  the  cold ;  when  boiled  with  alcoholic  soda  for  a 
short  time,  it  gives  a  deep  violet  solution,  and  is  reconverted  into 
benzylidenehydrindone,  a  similar  change  taking  place,  but  without  the 
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production  of  colour,  when  it  is  heated  with  sodium  acetate  or  potas- 
sium iodide  in  alcoholic  solution. 

Acetone  and  hydrindone  do  not  interact  as  readily  as  hydrindone 
and  benzaldehyde,  but,  on  warming  the  two  substances  together  in 
presence  of  a  little  alcoholic  potash,  condensation  takes  place  slowly, 
the  solution  turns  blue,  then  black,  and  a  dark  coloured  solid  is  pre- 
cipitated on  subsequently  adding  water;  this  product  does  not 
crystallise  very  readily,  and  is  best  obtained  in  a  state  of  purity  by 
allowing  its  solution  in  methyl  alcohol  to  evaporate  at  the  ordinary 
temperature ;  analysis  showed  it  to  have  the  composition  C12H12O, 
so  that  it  is  doubtless  analogous  to  benzylidenehydrindone  in  con- 
stitution. 

0-1614  gave  04940  CO2  and  0-1008  H.O  ;  C  =  83-5  ;  H  =  6-9. 
CijHijO  requires  C  =  83"72  ;  H  =  6-98  per  cent. 

It  crystallises  from  warm  dilute  alcohol  in  almost  colourless  plates, 
but  when  its  solutions  are  allowed  to  evaporate  slowly  it  is  deposited 
in  well-defined,  four-sided  prisms,  which  have  a  decided  yellow 
colour,  owing  probably  to  the  presence  of  some  impurity.  It  melts 
at  102 — 103°,  and  is  readily  soluble  in  petroleum,  chloroform,  ether, 
&c.,  but  only  very  sparingly  in  boiling  w^ater. 

Derivatives  of  Hydrindone  containing  Halogen. 

Various   halogen   derivatives    of  hydrindone   are   already  known ; 

CCl 
tetrachlorhydrindone,  C6H4<^pqJ^CC12,  was  first  obtained  indirectly 

by  Zincke  from  dichlox'oketoindene  {Ber.,  20,  2053),  and  was  after- 
wards prepai'ed  by  Konig  from  hydrindone  (lac.  cit.)  ;  the  correspond- 
ing tetrabromo- derivative  has  also  been  described  by  Roser  (Anyialen, 
247,  138),  whilst  the  dichloro-  and  dibromo-compounds  have  been 
prepared  by  Konig  and  Hausmann  respectively. 

Monobromhydrindone,  one  of  the  substitution  products  which  has 
not  hitherto  been  obtained,  is  described  below,  and  a  short  account  is 
also  given  of  some  properties  of  the  dibromo-  and  dichloro-derivatives 
already  mentioned ;  these  compounds  were  prepared  partly  in  order 
to  study  their  behaviour  with  dehydrating  agents,  and  partly  with 
the  object  of  converting  them  into  derivatives  of  indone  by  eliminating 
1  molecule  of  halogen  acid,  but  in  neither  case  have  the  experi- 
ments afforded  very  definite  results  up  to  the  present. 

Monobromhydrindone  was  prepared  by  acting  on  the  ketone  with  a 
molecular  proportion  of  bromine  in  acetic  acid  solution,  the  mixture 
being  kept  for  some  time  at  the  ordinary  temperature  in  order  that 
the  somewhat  sluggish  action  might  be  completed.  On  submitting 
the  product  to  distillation  in  a  current  of  steam,  a  bromo-derivative 
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was  obtained  as  a  colourless  oil,  which  soon  solidified,  and  whicli, 
after  having  been  dried  in  the  air,  separated  from  light  petroleum  in 
colourless,  fern-like  crystals ;  a  halogen  determination  showed  it  to 
be  a  mono-substitution  product  of  the  composition  CgHyBrO. 

0-1658  gave  0-1456  AgBr ;  Br  =  37-4 ;  theory  37-9  per  cent. 

A  small  quantity  of  the  dibromo-derivative,  which  was  also  formed, 
remained  in  the  flask  from  which  this  compound  had  been  volatilised. 

Monobromhydrindone  melts  at  38^39°  and  turns  pale  yellow  on 
exposure  to  light ;  it  dissolves  freely  in  hot  light  petroleum  and  is 
very  readily  soluble  in  most  organic  liquids.  When  heated  under  the 
ordinary  pressure,  it  distils  with  considerable  decomposition,  givin"" 
oflf  vapours  which  have  an  intensely  irritating  effect  on  the  eyes ;  in 
crystallising  the  crude, steamed  product  from  light  petroleum,  intensely 
irritating  vapours  are  also  evolved,  their  action  being  as  energetic 
as  those  of  xylylene  dibromide  and  of  the  halogen  derivatives  of  ace- 
tone, if  not  more  so. 

Monobromhydrindone  seems  not  to  undergo  condensation  on  treat- 
ment with  dilute  sulphuric  acid,  as  described  in  the  case  of  hydrindone; 
this  difference  in  behaviour,  however,  was  only  what  might  be  ex- 
pected, as  the  bromine  atom  has  probably  displaced  hydrogen  from  the 
-CHa'CO-  group,  on  which  so  many  of  the  properties  of  the  ketone 
depend.  When  the  bromo-derivative  is  dissolved  in  cold  alcoholic 
potash,  a  deep  violet  or  dark  blue  solution  is  obtained,  but  the  pro- 
duct (possibly  indone)  has  not  yet  been  examined. 

Dibromhydrindone,  CgHsBrjO,  was  prepared  by  direct  bromination, 
employing  chloroform  as  solvent,  and  the  crystals,  which  were 
deposited  in  large  quantities,  were  then  recrystallised  from  boiling- 
alcohol. 

Dibromhydrindone  melts  at  132°  (Hausmann  gives  133 — 134°)  and 
dissolves  freely  in  most  organic  solvents ;  when  freshly  prepared,  it  is 
colourless,  but  on  exposure  to  light  it  gradually  assumes  a  yellowish- 
brown  tinge.  The  crystals  obtained  from  alcoholic  solution  were 
examined  by  Mr.  Marshall,  a  student  at  this  College,  and  the  follow- 
ing is  an  account  o£  his  observations. 

"  The  crystals  examined  consisted  of  lustrous,  pale  yellow,  trans- 
parent tablets  belonging  to  the  orthorhombic  system  and  showing  an 
imperfect  cleavage  parallel  to  the  pinakoid  a{100}.  The  predominant 
forms  present  were  the  basal  pinakoid  c{001}  and  the  dome  cZ{021}  ; 
the  faces  of  both  these  forms  were  usually  badly  developed  and  gave 
multiple  images.  The  form  e{110}  gave  good  measurements  and  was 
well  developed ;  this  form,  together  with  c{001}  and  (i{ 021},  were 
always  observed.  The  4ome  gr{101}  seemed  only  to  be  developed 
when  the  crystal  lies  on  one  of  the  d(021)  faces  in  the  solution;  the 
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faces  of  (/1 101}  were  always  small,  but  gave  good  images  during  the 
measurement.  A  darkly  coloured,  impure  solution  of  the  substance 
in  ethylic  acetate  deposited  crystals  showing  the  form  c^'jOll}  ;  the 
latter,  and  indeed  all  the  other  forms  on  these  crystals,  are  not  well 
suited  for  gouioraetrical  measurement  owing  to  the  dulness  of  the 
faces. 


"  Crystalline  System 
a  :  &  :  c  =  0 
"  Forms  jDresent : — 


Orthorbombic. 
1  :  0-8428. 


c  . 

e  . 

9 

cl 

d' 


{001} 
{110} 
{101} 
{021} 
{011} 


OP 
coP 

2Poo 
Pco 


Angle. 
cff  =001  :  101 
gff  =  101  :  lOl 
eg  =  110  :  101 
eg  =  110  :  101 
ee  =  110  :  110 
ee  =110  :  110 
ce  =  001  :  110 
ce  =  001  :  110 
dc  =  021  :  001 
dd  =  021  :  021 
de  =  021  :  110 
de  =  021  :  lIO 
dg  =  021  :  101 
dg  =  021  :  101 
cd'=  001  :  Oil 


No.  of 
measure- 
ments. 
24 
12 
20 
18 
16 
16 
10 
10 
30 
15 
30 
29 

8 

6 

2 


43° 
92 
58 

120 
83 
96 
89 
89 
59 
61 
54 

125 
67 

111 
40 


Limits. 
26—  43'  3]' 

56—93  V 

56  —  59  15 

49  —121  9. 

0—83  34 

26  —  96  56 

58—90  2 

42  —  90  10 

7—59  37 

8—61  39 

51  —  55  19 

10—124  41 

51  —  68  23 

32—112  5 

11—  40  37 


Mean. 
43°  29V' 


93 
59 


120  59 

83  14 

96  44 

89  59 

90  0 
59  15k 
61  28 
55  5i 

124  54^ 

68  9 

111  39 

40  24 


Calculated. 

03°  1' 

120  58 

83  14 

96  46 
90  0 
90      0 

59  19 

61  22 

55  10 

124  50 

68  16 

111  44 
40      7 


"  The  optical  characters  of  the  crystals  were  determined  with 
the  assistance  of  Mr.  H.  A.  Miers,  of  the  British  Museum.  The 
face  6(010)  is  the  optic  axial  plane,  the  brachy-axis  (b)  being  the 
acute  bisectrix ;  the  double  refraction  is  strong  and  negative.  The 
apparent  optic  axial  angle  was  measured  in  air  through  a  plate  cut 
perpendicularly  to  the  a-axis ;  the  disper.sion  is  very  strong,  as  will 
be  seen  from  the  following  figures. 
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Number  of  2E. 

measurements.  ^ •'^ » 

Red  Li  light 2  28°       9' 

Yellow  N"a  light 4  36      29 

Green  TI        „      2  44      29 " 

The  halogen  atoms  in  dibrorahydrindone  are  readily  eliminated, 
oither  partly  or  completely,  on  heating  the  substance  with  alcoholic 
potash,  but  under  these  conditions  a  complex  action  geems  to  take 
place,  and  the  products,  with  one  exception,  are  not  easily  isolated  ; 
the  exception  referred  to  is  a  substance  which  is  deposited  in  long, 
very  slender,  yellow  needles,  and  which,  on  account  of  its  insolubility, 
is  easily  obtained  in  a  pure  condition.  An  examination  of  its  pro- 
perties showed  it  to  be  identical  with  "  tribenzoylenebenzene,"  a 
substance  the  constitution  of  which  has  been  recently  discussed 
(Trans.,  loc.  cit.)  ;  its  formation,  therefore,  may  be  represented  by 
the  equation 

2(C9H6Br,0)„  =  (C9H4O),.  +  2;^HBr, 
and  affords    another   example   of   the  extraordinary  readiness  with 
which  this  peculiar  condensation  process  takes  place. 

When  dibromhydrindone  is  agitated  with  aqueous  alcoholic  potash 
in  the  cold,  a  deep,  bluish-violet  solution  is  obtained,  and  the  crystals 
rapidly  change  their  character,  but  apparently  without  passing  into 
solution  completely  ;  the  substance  to  which  the  coloration  is  due  has 
salt-forming  properties,  and  is  precipitated  as  a  yellowish-brown, 
tlocculent  mass  on  the  addition  of  hydrochloric  acid  to  the  filtered 
solution  ;  the  residue,  a  grey  powder,  consists  principally  of  dibrom- 
hydrindone, but  also  contains  other  substances,  the  nature  of  which 
is  being  investigated. 

Dichlorhydriudone,  CgHgCloO,  was  prepared  by  passing  chlorine 
into  a  glacial  acetic  acid  solution  of  the  ketone  until  the  gas  was  no 
longer  rapidly  absorbed ;  after  precipitating  with  water,  the  product 
was  recrystallised  from  hot  alcohol. 

0-1690  gave  0-2266  AgCl  :  CI  =  35-5  ;  theory,  35-6  per  cent. 

This  analysis  shows  that  the  substance  is  a  dichloro-derivative,  and 
its  properties  prove  it  to  be  identical  with  the  compound  already 
described  by  Konig ;  its  investigation  on  the  lines  already  mentioned 
is  being  continued,  and  the  properties  of  other  hydrindone  derivatives 
are  being  studied. 

Mr.  0.  F.  Russell,  having  assisted  in  the  preparation  and  analysis 
of  several  of  the  compounds  described  in  this  paper,  tlie  author 
desires  to  express  his  thanks  for  these  services. 

Chemical  Department, 

Central  Technical  College, 

City  and  Guilds  of  London  Institute. 
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XLV. — Sodium,   Potassium,  and   Lithium  Amides. 
By  Arthur  W.  Titherley,  B.Sc,  1851  Exhibition  Scholar. 

In  the  early  part  of  this  century,  Gay  Lussac  and  Thenard  (Jxecherclies 
Physico-chimiques,  1,  337 — 356),  and  shortly  afterwards  Humphry 
Davy  (Fhil.  Trans.,  1809, 1,  39),  discovered  the  amides  of  sodium  and 
potassium  whilst  examining  the  behaviour  of  ammonia  with  a  view 
to  determining  its  ultimate  composition.  Since  then,  sodaraide  lias 
been  prepared  and  examined  by  Beilstein  and  Geufcher  (Ann.  Chem. 
Pharm.,  108,  88),  and  potassamide  by  Baumert  and  Landolt  {Ann. 
Chem.  Pharm.,  Ill,  1). 

The  present  work  was  undertaken  with  the  view  of  examining 
especially  the  nitrides  of  sodium  and  potassium,  described  by  Davy 
and  by  Gay  Lussac  and  Thenard ;  and  of  preparing,  if  possible,  com- 
pounds intermediate  between  the  amides  and  nitrides.  Lithamide  has 
also  been  prepared  and  its  properties  examined. 

The  experiments  fall  under  the  following  heads  : — 

1.  Preparation,  properties,  and  composition  of  sodamide. 

2.  Experiments    disproving    the    alleged    existence    of    nitride    of 

sodium  ;  and  attempts  to  prepare  disodimide. 

3.  Preparation,  properties,  and  composition  of  potassamide. 

4.  Experiments  disproving  the  alleged  existence  of  nitride  of  potas- 

sium. 

5.  Preparation,  properties,  and  composition  of  lithamide. 
(5.  Action  of  the  amides  on  inorganic  oxides. 

7.  Sundry  actions  of  the  amides. 

Preparation  of  Sodamide  hy  the  Action  of  Ammonia  on  Heated  Metallic 
Sodium  in  Glass  Fessels. 

It  is  not  possible  to  obtain  this  substance  in  a  pure  state  if  glass 
vessels  are  used,  owing  to  its  action  on  the  latter;  neither  can 
large  quantities  be  prepared  at  a  time  in  this  way,  as  the  glass  is  so 
strongly  attacked  by  the  amide  that  it  is  finally  corroded  through. 
In  preparing  small  quantities,  it  is  best  to  use  a  silver  boat,  as  the 
amide  is  practically  without  action  on  the  metal;  porcelain  is  attacked 
by  it,  though  not  very  rapidly  at  300°,  but  the  action  increases  con- 
siderably as  the  temperature  is  raised ;  platinum  is  only  slowly  cor- 
roded, but  after  a  few  weeks'  constant  use  the  metal  becomes  friable 
and  much  corroded.  For  this  reason,  in  all  the  later  experiments  a 
silver  boat  was  used. 

A  polished  iron  retort,  fitted  with  an  adjustable  head  and  capable 
of  holding  about  500  grams  of  sodium,  may  be  used  most  advantage- 
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ously,  allowing  of  the  ready  preparation  of  several  pounds  of  the 
amide  in  a  comparatively  short  time.  The  ammonia  must  be  com- 
pletely dried  by  passing  through  several  cylinders  containing  quick 
lime  and  fused  caustic  potash,  and  finally  through  a  long  tube  packed 
with  sodium  in  the  form  of  wire,  which  serves  to  remove  any  oxygen 
and  the  last  trace  of  moisture.  The  air  in  the  retort  is  first  displaced 
by  a  rapid  current  of  ammonia,  led  in  by  a  glass  tube,  the  end  of 
which  nearly  touches  the  surface  of  the  sodium.  The  retort  is  then 
heated  by  a  triple  Bunsen  burner  to  a  temperature  of  300 — 400°,  and 
the  action  allowed  to  proceed  rapidly  during  several  hours  until  all 
the  sodium  has  disappeared.  So  complete  is  the  decomposition  of 
the  ammonia  during  the  first  three  or  four  hours,  that  the  evolved 
hydrogen  may  be  burnt  at  the  end  of  the  exit  tube  in  a  flame  some 
6  or  7  inches  in  length,  but  after  about  five  hours  the  action  slackens, 
and  a  considerable  excess  of  ammonia  is  necessary  to  convert  the  last 
portions  of  sodium  into  the  amide.  Finally,  when  no  more  hydrogen 
is  evolved,  indicating  the  complete  conversion  of  the  sodium  into 
sodamide,  it  is  allowed  to  cool  down  in  a  slow  current  of  ammonia, 
and  afterwards  broken  into  lumps,  and  preserved  under  dry  ether 
or  benzene.  In  this  way,  it  is  possible  to  obtain  an  almost  theoretical 
yield,  the  only  loss  that  occurs  being  due  to  the  small  quantity  which 
sublimes  into  the  neck  of  the  retort  as  a  fine,  white  powder.  Thus 
prepared  sodamide  forms  a  white,  translucent  mass,  having  a  con- 
choidal  fracture  and  a  marked  crystalline  structure ;  it  is  pure  and 
free  from  iron,  the  latter  not  being  attacked  by  it^  The  olive-brown, 
green,  yellow,  or  other  tints  ascribed  to  the  substance  by  previous 
investigators,  is  due  to  impurity,  derived  either  from  traces  of 
charred  organic  matter,  from  the  naphtha  or  other  liquid  in  which 
the  sodium  had  been  kept,  or  to  the  brown  coloration  produced  by 
the  action  of  the  amide  on  the  silica  of  the  glass  or  other  vessels  in 
which  it  had  been  prepared. 

When  prepared  in  small  quantities  in  a  silver  boat,  from  pure 
materials,  it  is  white  and  of  waxy  appearance,  but  if  pure  sodium, 
freed  from  adhering  organic  matter,  has  not  been  used,  the  amide 
has  an  olive-brown  or  sometimes  a  pink  shade.  When  prepared  in 
quantity  in  an  iron  retort,  it  is  also  white  and  pure. 

Composition. — The  composition  of  sodamide  was  determined  ap- 
proximately by  Beilstein  and  Geuther,  who  analysed  a  sample 
prepared  in  glass  flasks,  by  decomposing  it  with  hydrochloric  acid 
and  determining  the  relative  amounts  of  sodium  chloride  and  am- 
monium chloride  formed.  In  this  way,  they  did  not  obtain  the 
percentage  of  sodium,  as  a  known  weight  of  the  amide  was  not  taken, 
but  found  the  ratio  Na :  N  to  be  as  26  :  14 ;  that  is  approximately 
1  atom  to  1  atom ;  whence  they  deduced  the  formula  NaNH2. 
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As  a  more  trustworthy  means  of  ascertaining  its  composition,  two 
synthetical  methods  were  adopted,  the  results  thus  obtained  con- 
firming the  generally  accepted  formula.  The  first  of  these  consisted 
in  determining  the  weight  of  amide  formed  from  a  known  weight  of 
sodium ;  whilst  the  second  consisted  in  obtaining  the  ratios  between 
the  increase  in  weight  on  converting  sodium  into  sodamide,  and  the 
weight  of  hydrogen  liberated  from  the  ammonia. 

In  the  first  series  of  syntheses  the  apparatus  used  consisted  of  a 
short,  light  piece  of  hard  glass  tubing,  6  inches  in  length,  fitted  with 
new  rubber  stoppers,  through  each  of  which  a  stopcock  passed.  The 
lower  half  of  the  glass  tube  was  lined  with  platinum  foil,  on  which 
the  silver  or  platinum  boat  rested.  The  whole  was  first  weighed  full 
of  gaseous  ammonia,  noting  the  temperature  and  barometric  pressure. 
A  piece  of  clean  sodium  was  then  introduced  during  the  passage  of  a 
rapid  current  of  the  gas.  After  turning  off  the  taps  simultaneously 
and  disconnecting  from  the  ammonia  supply,  a  second  weighing  was 
taken.  Finally,  the  sodium  was  converted  into  amide  by  heating  at 
nearly  300°  in  a  steady  current  of  ammonia.  In  less  than  an  hour  the 
conversion  was  complete,  and  when  cold  the  apparatus  was  weighed; 
corrections  were  inade  for  the  amount  of  ammonia  filling  the  tube. 
The  results  of  two  experiments  were  as  follows  : — 

Weight  of  sodium  Weight  of  sodamide  Percentage  of 

taken.  formed.  sodium. 

0-1831  gram  0-3114  gram  58-80 

0-1370     „  0-2334     „  68-70 


Mean 58-75 

Theory  for  NaNH2   58-97 

In  the  second  series  of  experiments  the  exit  end  of  the  tube  was 
connected  to  a  Schiff's  nitrometer,  filled  with  hydrochloric  acid  and 
provided  with  a  mercury  trap,  so  that  all  the  hydrogen  liberated 
from  the  ammonia  by  the  sodium  was  collected,  the  ammonia  being 
absorbed.  The  experiment  was  conducted  as  before,  weighing  the  tube 
with  fittings  and  sodium,  and  the  tube  with  fittings  and  sodamide. 

In  the  interaction  2N'a  4-  2NH3  =  2NaNH2  +  Hj,  the  ratio  be- 
tween the  increase  of  weight  of  the  sodium  and  the  weight  of  hydrogen 
evolved  is  NH2 :  H  or  16 : 1. 

If  4Na  +  2NH3  =  2Na^NH  -f  2H2,  the  ratio  would  be  NH :  Hj  or 
K :  2  =  7-5  : 1. 

If  6Na  +  2NH3  =  2Na3N'  +  ZK^  the  ratio  would  be  NrHs  or 
14 :  3  =  4-6 : 1. 

"We  thus  have  an  accurate  means  of  determining  whether  the 
sodium  is  wholly  converted  into  NaNH?  or  parti  v  also  into  NaaNH 
and  NajN". 
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The  results  obtained  were  as  follows  : — 

Weight  of  hydrogen  Ratio  of 

Increase  in  weight.  evolved.  Increase  :  H. 

0-1288  gi-am  0-081600  gram  =       16-00  :  1 

0-0964      „  0-060032      „  =       16-05  :  1 

0-1280     „  0-081063      „  =       15-92  :  I 


Mean 1599  :  1 

Theory  for 

2Na  +  2:N'H3  =  2NaNH2  +  H, 16-00  :  1 

The  product  is  therefore  entirely  monosodamide. 

Amongst  the  properties  of  sodamide  not  hitherto  described  its 
melting  point  is  of  interest,  but  as  it  is  at  once  decomposed  by  the 
iMoisture  in  the  air,  the  determination  of  its  melting  point  is  some- 
what difficult.  A  small  quantity  was  introduced  into  a  fine  capillary 
tube,  either  in  the  form  of  a  fine  powder  ground  under  benzene,  or 
whilst  melted  in  a  silver  boat  in  a  rapid  current  of  ammonia.  After 
sealing  off  each  end,  the  melting  point  was  observed  in  the  usual 
Avay.  It  softened  like  wax  at  149°,  and  was  completely  melted  at 
155°,  forming  a  colourless  liquid  which  set  to  a  crystalline  mass  on 
cooling. 

If,  in  preparing  sodamide  by  passing  ammonia  over  sodium  con- 
tained in  a  boat,  the  temperature  be  kept  at  400°,  a  quantity  sublimes 
and  is  deposited,  if  passed  through  a  narrow  tube,  as  a  feathery, 
"white  powder.  "When  gently  warmed,  this  powder  melts,  and  on 
cooling  crystallises  on  the  intei'ior  of  the  tube  in  beautiful,  trans- 
parent needles.  Joannis  has  previously  observed  this  crystalline  form 
of  the  amide  when  produced  in  the  spontaneous  decomposition  of 
sodammonium  (Compt.  Rend.,  112,  392). 

Experiments  disproving  the  Existence  of  the  alleged  Nitride  of  Sodium 
and  of  Disodimide. — The  decomposition  of  sodamide  on  heating  is  of 
interest,  as  several  mis-statements  have  been  made  on  this  point  in 
some  of  the  more  important  treatises  on  chemistiy.  Gay  Lussac 
and  Thenard  (Becherches  Physico-chimlques,  1,  p.  354)  state  that  when 
heated  strongly  in  a  glass  tube,  it  behaves  like  potassamide,  yielding 
a  dark,  infusible  mass  ;  this  is  described  in  the  text-books  as  sodium, 
nitride,  the  equation  for  its  formation  being  written 

SNaNHj  =  Na3N  -|-  2NH3. 

When  not  in  contact  with  substances  such  as  glass,  which  decompose 
it,  sodamide  behaves  differently;  at  a  little  above  its  melting 
point,  it  becomes  pale  green,  the  depth  of  tint  increasing  as  the 
temperature  is  raised,  but  on  cooling  it  again  becomes  colourless.  At 
400°,  it  begins  to  volatilise,  at  the  same  time  decomposing  slightly, 
and  condenses  as  a  pale  green  liquid,  which  solidifies  to  a  white  mass 
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on  cooling.  At  a  red  beat,  it  distils  more  rapidly  and  decomposes 
into  its  elements,  sodium,  hydrogen,  and  nitrogen,  although  a  certain 
quantity  escapes  decomposition  by  volatilising  and  condensing  on 
the  cool  upper  portion  of  the  tube. 

With  the  object  of  examining  the  behaviour  of  sodamide  when 
heated  alone,  it  was  subjected  to  various  temperatures  in  a  vacuum. 
The  amide,  0*4  gram,  was  prepared  in  a  platinum  boat  placed  in  a 
short  platinum-lined  tube,  drawn  out  at  one  end,  and  provided  with  a 
tap  at  the  other;  this  end  was  subsequently  sealed  off,  whilst  the 
drawn-out  end  was  bent  at  an  obtuse  angle,  and  connected  with  a 
Sprengel  pump  provided  with  a  mercury  trough  and  graduated  tube 
for  collecting  the  evolved  gases.  To  prevent  access  of  air,  the  joint 
between  the  tube  and  pump  was  immersed  in  mercury.  The  heating 
was  very  gentle  at  first,  being  applied  by  means  of  a  spirit  lamp  held 
three  inches  below  the  tube.  No  change  occurred  beyond  melting, 
but  on  heating  to  about  200°  the  sodamide  commenced  to  distil 
slowly  on  to  the  upper  surface  of  the  tube,  as  an  almost  colourless 
liquid  with  a  faint  greenish  tinge.  At  a  higher  temperature,  it  dis- 
tilled more  rapidly,  and  gas  was  evolved  in  small  quantity,  owing, 
as  later  experiments  have  shown,  to  the  action  of  the  distilled  pro- 
duct on  the  glass.  At  300 — 400°  the  liquid  in  the  boat  was  dark 
green  and  apparently  unchanged,  but  at  600 — 600°  gas  was  evolved 
much  more  rapidly  owing  to  the  decomposition  of  the  amide.  Sodium 
was  one  of  the  products  of  decomposition,  volatilising  and  collecting 
as  a  sublimate  at  the  end  of  the  tube.  After  keeping  at  this  tem- 
perature during  nearly  an  hour,  the  heating  was  discontinued  and  the 
products  examined.  The  tube  cracked  into  splinters  on  cooling,  and 
was  dark  brown  in  places,  like  glass  Avhich  has  been  strongly  heated 
with  sodium,  the  coloration  being  due  to  silicon.  Some  undecom- 
posed  amide  had  volatilised  to  the  cooler  parts  of  the  tube,  and  also  a 
quantity  of  sodium  as  lustrous  globules.  There  was  no  residue  in 
the  boat,  which  was  left  clean,  neither  was  there  any  other  indication 
of  the  formation  of  sodium  nitride.  The  gas  evolved  amounted  to 
81  c.c.  at  0°  and  760  mm.,  and  consisted  of  47'6  c.c  of  hydrogen  and 
33*4  c.c.  of  nitrogen. 

It  is  thus  obvious  that  on  heating  sodamide  to  redness  it  decom- 
poses into  its  elements,  and  not,  as  previously  stated,  into  sodium 
nitride  and  ammonia.  The  ratio  of  nitrogen  to  hydrogen  is  not  1 :  2 
as  might  be  expected  (2Na]S'H3  =  2Na  -f  ISTo  -f  2H2),  the  deficiency 
of  hydrogen  being  very  probably  due  to  the  reducing  action  of  the 
gas  on  the  glass,  and  also  to  some  extent  to  its  absorption  by  the 
metallic  sodium. 

At  a  temperature  approaching  dull  redness  the  amount  of  decom- 
position is  only  very  slight,  whilst  at  300 — 400°  there  is  no  decompo- 
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sitiou  whatever.  In  one  experiment,  a  weighed  quantity,  0'8791  gram, 
was  pi-epared  in  a  silver  boat  in  a  platinum-lined  stopcock  tube,  and 
heated  at  various  temperatures  daring  known  intervals  of  time.  The 
experiment  was  conducted  at  the  ordinary  pressure  in  an  atmosphere 
of  purified  dry  hydrogen.  On  keeping  the  amide  at  a  temperature  of 
300 — 350°  for  one  hour,  only  0'8  c.c.  of  gas  was  evolved,  the  sodamide 
remaining  unchanged.  Even  when  heated  at  450°  the  decomposition 
was  scarcely  appreciable,  gas  being  evolved  extremely  slowly,  in 
an  hour  only  8*1  c.c.  being  given  off ',  the  gas  consisted  chiefly  of 
ammonia,  with  a  little  hydrogen  and  nitrogen.  This  small  amount 
of  gas,  which  corresponds  to  a  decomposition  of  only  0"09  per  cent., 
was  derived  partly  from  the  action  of  the  small  quantity  of 
sodamide  which  had  volatilised  on  to  the  upper  surface  of  the  tube, 
on  the  silica  of  the  glass  which  was  rendered  brown  (vide  action  of 
sodamide  on  silica). 

At  still  higher  temperatures,  the  decomposition  and  distillation 
take  place  ruore  rapidly,  the  result  being  the  same  as  that  obtained 
in  a  vacuum.  It  is  therefore  possible  to  compare  the  decomposition 
of  sodamide  with  that  of  ammonia,  which  is  split  up  only  very  slowly 
at  a  red  heat,  except  in  the  presence  of  substances  which  favour 
its  decomposition,  such  as  porous  materials,  poi'celain,  &c.,  but  at 
higher  temperatures  decomposes  into  its  elements  more  readily. 

An  interesting  result  is  obtained  on  heating  sodamide  to  dull  red- 
ness in  a  boat  contained  in  a  hard  glass  tube,  through  which  a  current 
of  ammonia  is  passing ;  the  latter  is  continuously  decomposed  into 
its  elements.  At  this  comparatively  low  temperature,  the  amide  is 
split  up  into  nitrogen,  hydrogen,  and  sodium,  and  the  latter  in  pre- 
sence of  the  ammonia  re-forms  sodamide,  which  is  again  split  up. 
In  this  way  an  indefinite  quantity  of  ammonia  may  be  decomposed  by 
a  small  quantity  of  amide ;  thus  0"4  gram  of  sodamide  in  the  course 
of  an  hour  or  two  gave  nearly  half  a  litre  of  the  mixture  of  nitrogen 
and  hydrogen,  without  showing  any  indication  of  loss  of  activity. 
The  amide  at  the  end  of  the  experiment  had  mostly  volatilised  un- 
changed on  to  the  cool  upper  surface  of  the  tube. 

Although  neither  disodimide,  Na2NH,  nor  sodium  nitride  could  be 
obtained  by  the  action  of  heat  on  sodamide,  it  appeared  of  interest 
to  try  whether  by  the  further  action  of  sodium  on  sodamide  another 
atom  of  sodium  could  be  introduced. 

When  a  piece  of  sodium  is  half  converted  into  the  amide,  and  the 
mixture  is  then  heated  in  a  current  of  some  indifferent  gas,  such  as 
hydrogen,  the  sodamide  in  contact  with  the  sodium  becomes  darker 
and  darker  blue  as  the  temperature  is  raised,  and  if  kept  at  300 — 400"* 
for  about  half  an  hour,  the  whole  is  converted  into  a  dark  Prussian- 
blue,  almost  black,  mass.     Although  some  of  the  sodium  disappears 
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in  this  way,  it  remains  partly  unchanged.  On  cooling,  the  thick  blue 
mass  turns  grey  and  opaque,  but  on  heating  it  regains  its  beautiful 
colour.  When  heated  in  ammonia,  it  quickly  loses  its  blue  tint,  being 
converted  into  sodamide. 

Thinking  it  probable  that  the  blue  compound  consisted  of 
disodimide,  quantitative  experiments  were  made  to  ascertain  if 
hydrogen  is  evolved  during  its  formation,  for  if  it  is  simply  a  solu- 
tion of  sodium  in  the  amide,  no  hydrogen  would  be  evolved. 

The  method  of  procedure  consisted  in  partially  converting  a  known 
weight  of  sodium  into  amide,  and  heating  the  remaining  sodium — the 
weight  of  which  was  ascertained  by  calculation — with  the  sodamide. 
Experiments  were  made  under  a  variety  of  conditions,  both  in  a 
vacuum  and  in  atmospheres  of  hydrogen  and  nitrogen,  but  the  results 
were  negative ;  only  a  small  quantity  of  gas  was  given  off,  but 
this  corresponded  to  what  would  be  obtained  if  sodamide  alone  were 
subjected  to  similar  conditions.  The  sodium  did  not  entirely  disap- 
pear unless  considerably  more  than  the  equivalent  of  amido  was 
allowed  to  act  on  it.  It  is  thus  evident  that  there  is  no  formation  of 
an  imide  of  sodium.  The  mixture  behaves  like  sodamide,  its  pro- 
perties being  modified  only  in  accordance  with  the  quantity  of  sodium 
taken  up  ;  but  it  takes  fire  more  readily  than  sodamide  when  heated  in 
the  air.  When  heated  to  about  300°  in  a  vacuum,  it  distils  as  a 
beautiful  dark  blue  liquid,  changing  to  a  grey  solid  on  cooling.  It 
is  probably  analogous  to  the  sodammonium  (]S'aNH3)2,  which  Joannis, 
(Compt.  rend.,  115,  820 — 823)  has  shown  is  contained  in  the  dark  blue 
solution  formed  by  dissolving  sodium  in  liquid  ammonia.  It  is, 
therefore,  possible  that  the  solution  of  sodium  in  the  mono-substitu- 
tion derivative  of  ammonia,  I^aNHa,  contains  a  compound, 
(Na-NaNH2)2  or  Na^H^N-N-H^il^ra,, 

that  is,  disodammoninm,  but  as  yet  no  further  experiments  have  been 
made  to  ascertain  if  this  compound  is  formed. 

Potassium  behaves  in  exactly  the  same  way  when  heated  with 
potassamide,  forming  a  similar  beautiful  dark  blue  product,  but  with 
even  greater  ease.  It  may  always  be  noticed  during  the  conversion 
of  potassium  into  the  amide  if  the  supply  of  ammonia  be  deficient. 
As  soon,  however,  as  a  rapid  current  is  passed  over  the  heated  mass 
it  is  at  once  decolorised,  forming  potassamide. 

Action  uf  Ammonia  on  Sodium  Oxide. — Thinking  it  possible  that 
ammonia  and  sodium  monoxide  might  interact  to  form  disodimide 
according  to  the  equation 

Na^O  +  HjNH  =  Na^.NH  +  H^O, 

experiments  were  made  to  ascertain  if  this  was  the  case. 

When  ammonia  is   passed    over   gently   heated   sodium   oxide,   a 
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violent  action  takes  place,  accompanied  by  incandescence,  the  solid 
quickly  fusing  to  a  frothing  mass  ;  and  if  the  temperature  is  kept  at 
200 — 300°,  nothing  remains  but  sodium  hydroxide.  If,  however,  the 
heating  be  discontinued  immediately  the  mass  has  commenced  to 
grow  incandescent,  and  the  whole  quickly  cooled,  a  white  semi- 
fused  product  remains,  which,  on  examination,  is  found  to  consist  of 
a  mixture  of  sodamide  and  sodium  hydroxide,  there  being  nothing  to 
point  to  the  existence  of  a  substituted  ammonia  other  than  sodamide. 
The  change  may  be  expressed  thus — 

Na.O  +  2NH3  =  2NaN"H2  +  H^O. 

The  water  at  once  decomposes  the  amide,  forming  sodium  hydrate 
and  ammonia,  unless  the  action  is  stopped  at  once,  in  which  case 
the  secondary  decomposition  is  only  partial. 

Lastly,  with  the  view  of  preparing  sodium  nitride,  it  appeared 
interesting  to  try  if  sodamide  and  sodium  monoxide  would  interact. 

Several  experiments  were  made  in  which  the  two  were  heated  to- 
gether under  varying  conditions,  but  in  all  cases  with  negative 
results.  The  two  merely  fuse  and  mix  together,  but  it  is  possible, 
by  heating  strongly,  to  distil  off  the  unaltered  amide  from  the  sodium 
oxide. 

Potassamide. 

This  has  been  previously  described  by  Gay  Lussac,  Davy,  and 
Baumert  and  Landolt  (Annalmi,  111,  1)  ;  it  is  very  similar  to 
sodamide.  Baumert  and  Landolt,  who  prepared  it  in  small  glass 
flasks,  analysed  it,  and  deduced  the  formula  KNH2.  Their  re- 
sults were  approximately  accurate,  and  agree  with  my  determina- 
tion of  its  composition  by  synthesis.  This  method,  which  was  pre- 
cisely similar  to  that  used  in  the  case  of  sodamide,  did  not  give  as 
good  results,  owing  to  the  difficulty  of  getting  a  piece  of  potassium 
into  the  boat  without  the  surface  undergoing  slight  oxidation.  The 
results  of  two  experiments  were  as  follows. 


Weight  of  potassium 
taken. 

Weiglit  of  potassium 
amide  formed. 

Percentage  of 
potassium. 

0"4160  gram 

0-5826  gram 

71-41 

01680     „ 

0-2345      „ 

71-63 

Mean 71-52 

Theory  for  KNHz 70-96 

Potassamide  has  hitherto  been  described  as  dark  olive-green  or 
brown,  and  Davy  says  that  it  is  "  in  colour  and  lustre  not  unlike 
protoxide  of  iron."  When  prepared  pure,  however,  in  a  silver  boat, 
it  is  white  and  of  a  waxy  appearance ;  on  heating,  it  melts  to  a 
nearly  colourless  liquid  of  a  faint  greenish  tinge,  which,  as  in  the 
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case  of  sodamide,  increases  in  depth  as  the  tempei'atui'e  is  raised.  It 
resembles  sodamide  very  closely  in  many  of  its  physical  and  chemical 
properties.  Its  formation  from  the  metal  by  the  action  of  ammonia 
is  very  much  more  rapid  than  that  of  its  sodium  analogue,  whilst  its 
action  on  hard  glass  is  considerably  less  marked ;  so  much  so,  that  it 
is  possible  to  make  several  preparations  of  about  10  grams  of  the 
substance  in  the  same  flask.  Thus  prepared,  however,  it  is  contami- 
nated with  a  small  quantity  of  potassium  silicate. 

Potassamide  is  softer  and  less  brittle  than  sodamide,  and  melts  at 
a  considerably  higher  temperature,  namely,  270 — 272°;  it  begins  to 
soften  like  wax  a  few  degrees  below  this.  It  may  be  obtained  in 
several  forms,  such  as  massive  crystalline  lumps,  feathery  powder 
(deposited  as  a  sublimate  in  its  ordinary  method  of  preparation  when 
the  temperature  is  kept  at  400°),  or  as  a  fine  white  powder  by  grind- 
ing under  benzene,  and  drying  in  any  indifferent  gas,  such  as  dxy 
air.  It  is  decomposed  rapidly  in  presence  of  moist  air,  forming 
potassium  hydroxide  and  ammonia ;  carbon  dioxide  also  quickly 
decomposes  it  (vide  action  of  inorganic  oxides). 

Experiments  disproving  the  alleged  Existence  of  the  Nitride  of  Potas- 
sium.— In  1808,  Humphry  Davy,  while  carrying  out  an  investigation 
on  the  composition  of  ammonia  and  its  action  on  potassium,  was  led  to 
examine  the  "  fusible  substance,"  potassamide,  thus  obtained.  He 
describes  experiments  on  the  behaviour  of  the  amide  on  heating,  and 
states  that  when  the  temperature  is  raised  to  dull  redness,  it  yields  a 
black,  infusible  substance,  which,  in  all  the  more  important. treatises 
and  dictionaries  of  chemistry,  is  described  as  potassium  nitride,  K.3N. 
As  the  present  investigation  points  conclusively  to  the  non-existence 
of  this  substance,  it  will  be  necessary  to  briefly  recapitulate  the  de- 
tails of  some  of  Davy's  experiments  as  well  as  those  of  Gay  Lussac 
and  Thenard  (Becherches  Physico-chimiques,  1,  337 — 356),  which  were 
also  carried  out  with  the  view  of  ascertaining  the  effect  of  heat  on 
potassamide.  Gay  Lussac  and  Thenard  considered  the  "green 
material "  (potassamide)  to  be  a  combination  of  ammonia  and  potas- 
sium nitride,  and  state  that  when  heated  to  redness  it  gives  up  the 
former  constituent,  leaving  a  black  residue.  In  their  experiments, 
the  amide  was  prepared  by  heating  a  pellet  of  potassium  in  a  glass 
tube  bent  at  the  upper  end  and  filled  with  ammonia,  the  whole  being 
placed  in  a  mercury  trough  ;  but  the  ammonia  was  not  dry,  and  the 
amide  was  impure.  The  tube  containing  the  potassamide  was  filled 
with  mercury,  which  was  afterwards  displaced  by  hydrogen,  and  "  la 
matiere  verte-olivatre  "  heated  to  dull  redness  in  contact  with  the 
glass.  Much  gas  was  evolved,  and  the  amide  frothed  up  and  finally 
solidified,  leaving  a  greyish-black  infusible  substance.  "  Dans  tous 
les  cas,  apres  la  calcination  la  matiere  etoit  noiratre,  et  avoit  perdu  la 
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propriefe  de  se  fondre."  The  evolved  gases  varied  very  much  both 
in  quantity  and  composition,  and  consisted  of  ammonia,  nitrogen,  and 
liydrogen,  of  which  the  two  latter  were  in  the  i-atio  in  which  they 
exist  in  ammonia,  namely,  1  :  8,  This  remarkable  result  led  them  to. 
believe  that  the  green  material  had  given  up  its  ammonia,  part  of 
which  had  been  decomposed  into  its  elements  by  the  high  temperature, 
which  varied  from  that  of  a  dull  red  to  an  ordinary  red  heat.  The 
error  is  obvious,  when  it  is  remembered  that  ammonia  undergoes  no 
appreciable  decomposition  at  this  temperature.  According  to  Ram- 
say and  Young  (Trans.,  1884,  45,  88)  the  extent  to  which  ammonia 
is  decomposed  at  a  red  heat,  even  in  the  presence  of  such  substances 
as  ii'on  and  broken  porcelain,  which  assist  the  decomposition  con- 
siderably, is  only  1 — 5  per  cent.,  whilst  in  an  ordinary  plain  glass 
combustion  tube  it  is  only  0*24  per  cent,  at  780°. 

Humphry  Davy,  in  1808,  controverted  the  opinion  of  the  two 
French  chemists  regarding  the  behaviour  of  potassamide  on  heating, 
and  proved  that  the  amount  of  ammonia  evolved  varied  with  the 
extent  to  which  precautions  had  been  taken  to  dry  the  materials  used ; 
and  that,  if  moisture  were  excluded,  the  amount  of  ammonia  which 
could  be  generated  by  the  action  of  heat  was  only  one-tenth  of  that 
originally  absorbed  by  the  potassium  to  form  the  amide.  He  further 
showed  that  nitrogen  and  hydrogen  were  the  chief  gases  evolved,  the 
relative  amounts  of  which  never  reached  the  ratio  1  :  3,  that  observed 
by  Gay  Lussac  and  Thenard. 

In  one  experiment,  the  amide  was  heated  to  redness  in  a  green 
glass  retort  filled  with  hydrogen,  and  the  evolved  gas  collected  and 
analysed.  He  says:  "When  the  retort  containing  the  fusible  sub- 
stance is  exhausted,  filled  with  hidrogen  and  exhausted  a  second 
time,  and  heat  gradually  applied,  the  substance  soon  fuses,  effervesces, 
and,  as  the  heat  increases,  gives  off  a  considerable  quantity  of  elastic 
fluid,  and  becomes  at  length,  when  the  temperature  approaches  nearly 
to  dull  redness,  a  dark  gray  solid,  which  by  a  continuance  of  this 
degree  of  heat  does  not  undergo  any  alteration."  A  considerable 
quantity  of  gas  was  evolved,  containing  ammonia,  though  it  consisted 
chiefly  of  a  mixture  of  nitrogen  and  hydrogen  in  the  ratio  of  about 
1  :  2-5.  The  dark  grey  solid  or  "  black  residuum  "  which  has 
nlways  been  regarded  as  potassium  nitride,  KoN,  was  described  by 
Davy  as  a  brittle,  opaque  powder,  which  sometimes  took  fire  in  the 
air,  and  was  violently  acted  on  by  water,  giving  hydrogen  and 
ammonia.  He  considered  it  to  bo  a  "  combination  of  a  suboxide  of 
potassium  and  nitrogen,"  thinking  that  ammonia  probably  contained 
some  oxygen.     The  equation  for  its  formation  is  always  written 

3KNH2  =  K3N  +  2NH3. 
With  the  object  of  examining  the  behaviour  of  potassamide  when 
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heated  to  various  temperatures  out  of  contact  with  bodies  that 
decompose  it,  and,  if  possible,  of  preparing  the  supposed  nitride,  I 
have  made  a  series  of  experiments  similar  to  those  with  soda- 
mide,  the  results  showing  that  the  nitride  does  not  exist.  On 
the  contrary,  potassamide  at  a  dull  red  heat  is  a  comparatively- 
stable  substance,  decomposing  only  very  slowly  directly  into  its 
elements,  and  not  into  ammonia  and  potassium  nitride.  This  decom- 
position increases  considerably  when  the  temperature  is  raised,  and 
varies  with  the  length  of  time  during  which  the  substance  is  heated, 
in  this  resembling  ammonia  whose  decomposition  is  a  function  of 
temperature  and  time.  The  results  of  three  experiments  are 
tabulated  below.  Of  these,  the  first  was  similar  in  principle  to 
Davy's,  in  which  potassamide  w^as  heated  in  a  vacuum.  In  the 
second,  the  heating,  which  was  sustained  for  several  hours,  was 
conducted  in  an  unglazed  porcelain  boat,  in  an  atmosphere  of  nitro- 
gen at  the  ordinary  pressure,  the  evolved  gases  being  collected  in 
nitrometers  filled  with  dry  mercury  placed  at  either  side  of  the  tube 
containing  the  boat.  As  far  as  the  gaseous  products  are  concerned, 
the  results  of  these  two  experiments  are  somewhat  similar  to  Davy's  ; 
but  in  no  stage  of  the  heating  was  there  any  indication  whatever  of 
the  formation  of  a  black  solid  such  as  he  describes. 

The  porcelain  was  considerably  attacked  at  about  350 — 400°,  and  it 
was  found  that  the  residue  in  the  boat  at  the  conclusion  of  the  ex- 
periment consisted  mainly  of  potassium  silicate  and  aluminate,  if  the 
heating  had  been  continued  for  several  hours.  This  remarkable 
result  led  to  the  investigation  of  the  action  of  the  amides  on  silica 
and  alumina,  the  results  of  which  throw  considerable  light  on  the 
nature  of  the  decomposition  which  occurred  in  the  experiments  of 
Davy,  and  of  Gay  Lussac  and  Thenard.  The  behaviour  of  the  amides 
with  silica  is  described  latei",  but,  as  it  has  a  direct  bearing  on  the 
results  given  in  the  following  table,  it  is  necessary  to  state  here  that 
the  action  gives  rise  to  the  evolution  of  a  large  quantity  of  ammonia; 
and  alumina  acts  somewhat  similarly,  though  it  occasions  the  evolu- 
tion of  nitrogen  and  hydrogen  also,  as  will  be  seen  from  Experi- 
ment c. 

It  will  be  obvious,  from  a  comparison  of  Experiments  a,  b,  and 
c  with  d,  that  the  evolution  of  gas  at  a  temperature  of  350°  is 
entirely  due  to  the  action  of  the  material  in  contact  with  the  amide, 
and  not  to  the  decomposition  of  the  amide  by  heat  alone.  At  higher 
temperatures,  also,  most  of  the  gas  originates  in  the  action  occurring 
between  the  amide  and  the  alumina  or  silica,  although  it  is  partly 
due  to  the  simple  decomposition  of  the  amide  into  its  elements. 
When  potassamide  and  alumina  are  heated  together,  they  readily 
interact,  the  amide  apparently  exerting  a  reducing  action,  although, 
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as  yet,  there  lias  been  no  evidence  of  the  fox'mation  of  the  lower 
oxide,  AlO,  described  by  Clemens  Winkler  as  being  formed  on  re- 
ducing alumina  by  magnesium  (Ber.,  23.,  780 — 787). 

The  true  behaviour  of  potassamide  on  heating  may  be  readily 
ascertained  by  using  a  silver  boat.  It  will  be  seen  from  Experi- 
ment d  that  no  decomposition  occurs  at  350°.  The  amide  melts  like 
wax  to  a  greenish-blue,  transparent  liquid  which  commences  to 
volatilise  very  slowly  about  400°.  It  mostly  condenses  as  a  fine 
mist  consisting  of  minute  greenish  drops,  in  the  region  immediately 
above  the  boat,  a  little  condensing  as  a  nearly  colourless  liquid  on 
the  cool  surface  of  the  glass.  At  500°,  the  amount  distilling  increases 
considerably,  and  the  amide  remaining  in  the  boat  during  the  distil- 
lation at  this  temperature  forms  a  dark,  very  mobile  liquid,  which,  if 
the  heating  be  discontinued,  sets  quite  unchanged  to  a  colourless 
solid.  In  Experiment  c?,  more  than  a  third  of  the  gas  evolved  (10"6 
c.c.  ammonia)  arose  from  the  distilled  portion  of  the  amide  acting 
slowly  on  the  glass,  which  was  kept  as  cool  as  possible  in  order  to 
reduce  the  action.  The  total  loss  in  weight  of  the  amide  was  only 
4"2  per  cent. ;  the  amount  of  nitrogen  given  off,  representing  as  it 
does  the  actual  decomposition  of  the  amide  alone,  amounted  to  2*8 
per  cent,  only,  at  this  temperature.  At  a  full  i*ed  heat,  the  amide  distils 
rapidly,  partially  decomposing  into  its  elements,  the  potassium  being 
deposited  in  the  cool  parts  of  the  tube  as  a  mirror.  Nitrogen  and 
hydrogen  are  evolved,  approximately  in  the  ratio  of  1 :  2,  together  Avith 
.some  ammonia  formed  by  the  action  of  the  volatilised  amide  on  the 
glass.  Even  at  this  temperature,  when  distillation  and  decomposition 
are  rapidly  taking  place,  the  amide  remaining  in  the  silver  boat  forms 
a  quiescent,  very  mobile  liquid.  In  one  experiment,  after  heating  for 
20  minutes,  a  small  quantity  was  left  in  the  boat  and,  when  cool, 
had  the  form  of  a  colourless,  glassy  solid,  not  unlike  fused  borax. 
This  consisted  entirely  of  potassamide  ;  and  in  no  stage  of  the  heat- 
ing was  there  ever  the  slightest  evidence  of  the  formation  of  any 
infusible  black  solid,  as  described  by  the  earlier  investigators,  this 
substance  no  doubt  arising  from  the  impurities  in  the  amide  used 
and  from  contact  with  materials  which  decompose  it.  It  is  probable 
that  the  potassium  employed  in  its  preparation  contained  small  quan- 
tities of  organic  matter,  which  invariably  rendei-s  the  amide  black, 
and  it  is  likely  that  Davy's  "  black  residuum,"  which,  he  stated, 
gave  hydrogen  and  ammonia  with  water,  consisted  essentially  of  a 
mixture  of  potassamide,  potassium  oxide,  and  potassium,  together  with 
charred  organic  matter;  for  he  found  that  on  heating  to  cherry  red- 
ness in  a  platinum  tube,  potassium  sublimed  as  a  mirror,  leaving 
caustic  potash.* 

*  Davy  considered  this  evidence  of  the  existence  of  oxygen  in  ammonia. 
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As  farther  showing  the  stability  of  potassamide  at  a  dull  red  heat, 
it  is  interesting  to  note  that  it  may  be  completely  distilled  in  a 
current  of  hydrogen  without  undergoing  decomposition.  The  ex- 
periment may  be  conducted  in  a  silver  boat  in  which  the  amide  is 
kept  at  400 — 500°,  while  a  rapid  current  of  the  gas  is  passed  through 
the  tube.  It  distils  entirely,  and  condenses  as  a  bluish-green  liquid, 
which,  on  cooling,  changes  to  a  pearly-white  solid,  a  small  portion 
being  deposited  as  a  white  sublimate  on  the  cooler  portions  of  the 
tube. 

Although  potassium  nitride  is  not  formed  by  heating  potassamide, 
it  appeared  of  interest  to  try  whether  it  would  be  formed  by  the 
action  of  the  latter  on  potassium  oxide.  Experiments  were  made 
under  a  variety  of  conditions  in  which  the  oxide  and  amide  were 
heated  together  in  molecular  proportion.  No  action  whatever  took 
place,  and  it  was  found  possible  to  distil  the  amide  unchanged  from 
the  mixture  at  high  temperatures. 

As  potassium  nitride  is  not  formed  by  the  direct  action  of  nitrogen 
on  potassium  at  high  temperatures,  as  Gay  Lussac  and  Thcnard  have 
shown,  and  taking  into  account  the  above  results,  it  may  justly  be 
considered  that  the  compound  does  not  exist. 

Litliamide. 

As  sodium  and  potassium  readily  yield  amides  when  heated  in 
ammonia,  lithium,  which  is  closely  related  to  both  these  metals,  would 
a  friori  be  expected  to  behave  similarly,  but  no  experiments  with 
this  metal  have  been  recorded.  When  dry  ammonia  is  led  over  a 
bright  surface  of  metallic  lithium,  the  lithium  loses  its  lustre  and 
becomes  coated  with  a  bluish- white  crust,  on  which  excrescences  of  a 
gold  colour  appear  in  places  ;  and  until  the  temperature  is  sufficiently 
high  to  melt  this  crust,  and  allow  it  to  flow  off  and  expose  the  metallic 
surface,  little  conversion  into  amide  takes  place. 

When  lithium  is  very  gently  heated  during  the  passage  of  a  steady 
current  of  ammonia,  it  melts,  and  is  at  the  same  time  violently  attacked 
by  the  gas,  swelling  up  considerably  and  glowing  ;  so  complete  is  the 
decomposition  of  the  ammonia,  that  when  a  rapid  current  is  passed  over 
only  0'25 — 0"3  gram  of  lithium,  the  hydrogen  which  is  evolved  is 
nearly  free  from  ammonia,  and  may  be  burnt  at  the  exit  tube.  After 
the  lapse  of  a  few  minutes,  however,  the  violence  of  the  action  quickly 
diminishes,  and  if  the  temperature  be  nob  raised  considerably,  the 
action  will  stop  altogether,  owing  to  the  fact  that  the  amide  has  a 
high  melting  point  and  consequently  solidifies  over  the  metal,  pro- 
tecting it  from  further  change.  It  is,  therefore,  necessaiy  to  keep 
the  temperature  at  about  400°,  so  that  the  amide  remains  fused ; 
in  this  way  the  whole  of  the  lithium  may  be  converted  into  amide. 
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thongli  the  last  globule  disappears  very  slowly.  During  the  forma- 
tion of  the  lithamide,  a  small  quantity  is  volatilised  and  deposited 
along  the  tube  as  a  very  finely  divided,  white  powder,  similar  in 
appearance  to  sublimed  sodamide  or  potassamide. 

On  removing  the  flame  when  the  conversion  is  complete,  the  con- 
tents of  the  boat  quickly  solidify,  forming  a  beaatifully  crystalline 
mass,  long,  transparent,  colourless  needles  shooting  across  the  silver 
boat.  In  mass,  lithamide  is  pure  white,  though  it  is  darkened  by 
heating  with  very  slight  traces  of  organic  matter.  When  fused,  it  has  a 
very  light  greenish  tinge,  but  on  cooling  it  again  becomes  white.  It 
differs  from  both  its  analogues  in  several  respects,  notably  in  its 
more  marked  crystalline  nature  and  absence  of  waxy  appearance,  and 
in  its  much  higher  melting  point,  which  lies  between  380°  and  400°. 
It  decomposes  comparatively  slowly  in  the  air,  and  when  a  crystal  is 
placed  in  cold  water  it  slowly  dissolves  without  any  energetic  action 
taking  place,  forming  an  alkaline  solution ;  when  dropped  into  hot 
water,  however,  it  efiervesces,  giving  off  ammonia  and  forming 
lithium  hydrate.  Hydrochloric  acid  decomposes  it  scarcely  more 
rapidly  than  water,  lithium  chloride  and  ammonium  chloride  being 
formed.  When  a  crystal  of  lithamide  is  moistened  with  a  drop  of 
strong  hydrochloric  acid,  it  slowly  disappears,  giving  off  ammonia; 
this  partly  escapes  in  the  gaseous  condition,  forming  a  small  cloud  of 
ammonium  chloride  with  the  acid  vapour.  Lithamide  dissolves  with 
difficulty  in  absolute  alcohol,  being  decomposed  as  by  water,  but 
if  boiled  with  the  alcohol,  it  is  decomposed  more  quickly,  giving 
off  ammonia.  These  properties  of  lithamide  are  very  interesting 
when  compared  with  those  of  its  analogues,  both  of  which  are 
violently  decomposed  by  acids,  water,  and  alcohol.  Farther,  when 
heated  strongly  in  the  air,  unlike  sodamide  and  potassamide,  it 
does  not  take  fire,  although  it  is  rapidly  decomposed.  When 
heated  strongly  in  contact  with  glass,  some  of  it  sublimes, 
partly  as  a  white  powder  and  partly  as  beautiful  crystals,  whilst 
the  remainder  attacks  the  glass,  giving  off  ammonia  and  form- 
ing lithium  silicate.  The  experiment  has  not  yet  been  conducted 
quantitatively.  When  heated  strongly  in  a  silver  boat,  in  an  atmo- 
sphere of  hydrogen,  it  decomposes  bat  slightly  and  volatilises  very 
slowly,  being  deposited  as  a  fine,  white  powder  on  the  cooler  portions 
of  the  tube.  Even  when  kept  at  a  fall  red  heat  for  20  minutes,  a 
considerable  portion  remains  in  the  boat  unaltered. 

Composition. — This  has  been  determined  by  synthesis  and  by 
analysis.  In  the  former  case,  the  method  employed  was  precisely 
similar  to  that  adopted  for  sodamide  and  potassamide.  Owing  to 
the  violence  of  the  action  at  first,  and  to  the  comparatively  high 
temperature  at  which  it  was  necessary  to  keep  the  contents  of  the 
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boat  during  the  formation  of  the  amide,  a  small  quantity  was  lost  by 
volatilisation.  This  renders  the  percentage  of  lithium  higher  than  it 
should  be,  but  the  result  of  the  following  experiment  is  sufficient 
to  show  that  the  composition  of  lithamide  corresponds  to  formula 
LiNHj. 

Weight  of  Weight  of  Percentage  of 

lithium  taken.  amide  formed.  lithium. 

0-2410  gram  0-7382  gram  32-6 

Theory  for  LiNHj 30-4 

It  is  unlike  its  analogues,  inasmuch  as  a  more  accurate  result  may 
be  obtained  by  analysis.  The  method  used  consisted  in  decomposing 
a  known  weight  with  water  in  a  flask,  and  distilling  off  the  ammonia, 
which  was  then  determined  in  the  usual  way.  The  lithium  hydrate 
remaining  was  then  determined,  (1)  volumetrically  by  titration  with 
standard  acid,  and  (2)  by  weighing  as  lithium  sulphate  after  ignition 
in  a  platinum  dish.     The  results  were  as  follows  : — 

Weight  of  lithamide.  Nitrogen  found.  Lithium  found. 

0-5305g.a.  0-3197  gra...{W    "ij^^  «-- 


Mean 01632 


Found — 


Theory  for  LiNHj. 

Lithium 30-76  per  cent.         30-43  per  cent. 

Mtrogen 60-26         „  60-87         „ 

Hydrogen  (by  difC.)...        8-98         „  8-70 


100-00         „  100-00 

The  behaviour  of  lithamide  towards  organic  compounds  is  similar 
to  that  of  sodamide  and  potassamide,  complex  organic  matter  being 
readily  charred,  but  the  action  is  less  marked,  as  might  be  expected 
from  its  greater  stability  (see  p.  521). 

Action  of  Sodamide  and  Potassamide  on  Inorganic  Oxides. 

In  all  my  previous  experiments,  I  had  observed  that  glass  was  much 
attacked  by  these  compounds,  even  when  they  were  not  heated  much 
beyond  their  melting  point ;  moreover,  that  during  the  corrosion  efEer- 
vescence  occurred,  due  to  the  evolution  of  a  gas  which  consisted  chiefly 
of  ammonia.  This  showed  that  the  oxygen  of  one  or  more  of  the  con- 
stituents of  the  glass  had  combined  with  the  hydrogen  of  the  amide, 
and  in  order  to  ascertain  which  of  the  oxides  was  acted  on,  a  series  of 
comparative  experiments  were  made  with  the  view  of  observing  the 
volume  of  gas  given  off  on  heating  known  weights  of  the  amides  in  a 
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silver  boat  at  various  temperatures,  during-  definite  intervals  of  time, 
in  an  atmosphere  of  hydrogen  (1)  alone;  (2)  with  lime;  (3)  with 
silica.  In  this  way,  it  is  possible  to  detect  even  a  slow  action  by 
the  evolution  of  ammonia  attending  it.  Using  pure  (artificially  pre- 
pared) lime,  no  action  whatever  occurred,  even  when  the  substances 
were  heated  together  at  450"  during  an  hour.  The  lime  acts  like  a 
sponge,  absorbing  the  melted  amide  and  forming  a  mixture  which  is 
olive-green  while  hot,  but  becomes  white  on  cooling.  The  amide  in 
this  mixture  does  .not  decompose  readily  on  exposure  to  air  ;  a  sample 
which  had  been  left  for  two  days  still  effervesced  on  adding  water, 
giving  off  ammonia,  and  forming  sodium  hydroxide  and  calcium 
hydroxide. 

Silica  and  sodamide  or  potassamide  interact  very  readily,  evolving  a 
large  quantity  of  ammonia.  Pure,  amorphous  silica,  which  had  been 
ignited  for  several  hours  over  the  blast,  was  used  in  excess ;  the 
mixture  froths  up  considerably  as  soon  as  the  amide  melts,  most 
of  the  action  being  over  after  the  first  few  minutes,  though  it  is 
necessary  to  heat  the  mass  to  300 — 400°  for  an  hour  before  the 
change  is  approximately  complete.  At  higher  temperatures,  nitrogen 
and  hydrogen  are  slowly  evolved,  along  with  the  ammonia  resulting 
from  the  decomposition  of  the  amide,  this  doubtless  being  assisted  by 
contact  with  the  heated  silica.  The  product,  which  generally  con- 
tains a  little  unchanged  amide,  is  greyish  white,  and  consists  of  sili- 
cate of  sodium  or  potassium  and  silicon  nitride.  The  latter,  about 
which  there  is  not  much  known,  was  obtained  by  this  method  as  an 
amorphous,  brown  powder,  which  remained  undissolved  on  lixiviating 
the  mixture  with  water.  It  is  not  decomposed  appreciably  by  boiling 
with  caustic  potash,  but,  on  fusion  with  the  latter,  gives  ammonia 
and  potassium  silicate.  The  composition  and  properties  of  silicon 
nitride,  as  prepared  by  this  method,  are  still  under  investigation. 

The  interesting  behaviour  of  the  amides  towards  silica  led  to  the 
investigation  of  their  action  on  boric  anhydride,  the  method  of 
procedure  being  precisely  similar  to  that  adopted  in  the  previous 
experiment,  and  similar  results  were  obtained.  The  boric  anhydride 
was  fused  and  finely  powdered  in  an  agate  mortar,  and  gently  heated 
with  the  amides.  As  soon  as  the  latter  melted,  the  oxide  was 
attacked,  effervescence  taking  place,  the  action  being  so  rapid  that 
water  condensed  in  the  cool  part  of  the  tube.  After  a  short  time, 
however,  the  action  proceeded  more  gently,  ammonia  being  slowly 
evolved,  together  with  a  little  nitrogen  and  hydrogen,  when  the  tem- 
perature was  raised  to  about  400". 

The  solid  product  was  greenish  whilst  hot,  and  white  on  cooling, 
and  always  contained  a  little  unchanged  amide,  unless  a  considerable 
excess  of   the  oxide  was  used.     It  consisted  of  sodium  borate  and 
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boron  nitride,  the  latter  being  left  as  an  insoluble,  liglit,  floccalent, 
white  powder  on  treating  the  mass  with  water ;  it  was  freed  from 
traces  of  unchanged  boric  anhydride  by  boiling  with  dilute  hydro- 
chloric acid  and  washing.  It  exhibited  the  usual  properties  of  boron 
nitride,  and  evolved  ammonia  on  fusion  with  caustic  potash.  When 
fused  with  potassium  carbonate,  it  yielded  potassium  cyanate  and 
carbon  dioxide.  The  equation  for  the  formation  of  boron  nitride  by 
this  method  may  be  represented  thus  : ' 

2NaNH2  +  B2O3  =  2Bi;r  +  2N"aOH  +  H^O. 

Amongst  the  other  oxides  which  act  on  the  amides  of  sodium  and 
potassium,  the  behaviour  of  alumina  has  been  alluded  to  in  connection 
with  the  decomposition  which  potassamide  undergoes  when  heated 
in  contact  with  glass  and  porcelain.  The  action  of  the  oxides  of 
carbon  on  sodamide  has  previously  been  investigated  by  Beilstein  and 
Geuther  (Annalen,  108,  91),  who  found  that  carbon  dioxide  gave  the 
sodium  derivative  of  cyanamide,  whilst  carbon  monoxide  yielded 
sodium  cyanide.  I  have  repeated  the  former  of  these  experiments, 
with  similar  lesults ;  ammonia  is  always  formed  by  a  secondary 
action  occurring  between  the  liberated  water  and  the  unchanged 
amide,  and  hence,  in  presence  of  excess  of  carbon  dioxide,  a  sublimate 
of  ammonium  carbonate  and  carbamate  is  also  formed,  whilst  the 
non-volatile  solid  product  consists  of  sodium  cyanamide  and  sodium 
carbonate. 

Sundry  Interactions  with  other  Compounds. 

The  action  of  nitrosyl  chloride  is  interesting.  When  a  current  of 
the  pure  gas  is  passed  over  cold  sodamide  or  potassamide,  no  change 
is  apparent,  but,  on  warming  very  gently  by  means  of  a  spirit  lamp, 
a  sudden  action  occurs,  nitrogen  being  quickly  evolved,  whilst  a  small 
quantity  of  ammonium  chloride  is  deposited  in  the  tube;  water  is  also 
formed,  and  condenses  as  large  drops.  The  action  is  soon  over,  and 
the  residue  consists  of  potassium  or  sodium  chloride ;  the  primary 
action  is,  therefore,  as  follows  : — 

KNH,  +  NOCl  =  KCl  +  N2  -I-  H2O. 

The  behaviour  of  the  amides  with  organic  haloids  is  different  from 
what  might  be  expected.  Experiments  made  with  several  haloid 
derivatives  under  varying  conditions  show  that  the  displacement  of 
the  halogen  by  the  amido-group  only  takes  place  to  a  very  small 
extent.  Thus,  when  the  vapour  of  ethylic  iodide  is  passed  over 
sodamide,  no  action  occurs  till  the  temperature  rises  to  about  200°, 
when  a  somewhat  violent  decomposition  takes  place,  the  mass  becomes 
carbonised,  and  vapours  of  iodine  make  their  appearance,  whilst  the 
gaseous  products  consist  of  a  little  ammonia  with  traces  of  ethyl- 
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amine ;  the  solid  residue  consists  chiefly  of  sodium  iodide  and  carbon. 
Several  experiments  were  also  made  with  ethylenic  bromide  with 
similar  results.  In  one  case  the  vapour  was  passed  over  the  heated 
amide,  but  only  traces  of  a  diamine  were  formed ;  in  another  experi- 
ment the  amide,  which  had  been  finely  powdered  under  absolute 
ether,  was  heated  gently  in  a  flask  during  three  hours  with  an 
ethereal  solution  of  ethylenic  bromide.  Only  a  vei'y  slight  action 
had  occurred,  although  a  little  ethylenediamine  appeared  to  have 
been  formed,  but  the  qu.antity  was  far  too  small  for  analysis. 
Finally,  the  two  were  heated  together  in  a  sealed  tube  at  190°  for 
2^  hours.  Considerable  charring  had  occurred,  and  the  solid  matter 
consisted  of  potassium  bromide,  ammonium  bromide,  and  charcoal. 
There  was  no  unchanged  amide,  and  the  mixture  had  a  distinct  fishy 
smell,  whilst  some  gas  had  been  evolved  during  the  acttion.  The 
amount  of  diamine,  or  other  amine  formed  was  inappreciable,  however. 

Sodamide  acts  violently  on  nitrobenzene.  No  change  occurs  in  the 
cold,  but,  if  the  tw^o  be  gently  warmed,  a  very  energetic  action  takes 
place,  the  mass  becoming  incandescent  and  carbonised ;  phenyl  iso- 
cyanide  and  other  products  are  formed. 

Hydrocarbons  and  organic  bases,  such  as  aniline,  quinoline,  &c.,  do 
not  act  on  the  amides  ;  but  the  general  behaviour  of  other  organic 
compounds  is  to  act  violently,  secondary  decompositions  occurring  at 
the  same  time,  which  mar  the  results  considerably.  It  is  interesting 
to  note  that  when  complex  organic  matter  is  charred  by  the  amides, 
sodium  or  potassium  cyanide  is  found  amongst  the  products  of  the 
decomposition. 

The  marked  activity  of  the  hydrogen  of  the  NHj  group  of  the 
metallic  amides,  as  shown  by  the  preparation  of  the  nitrides  of  boron 
and  silicon,  affords  a  ready  means  of  preparing  inorganic  nitrides, 
and  I  wish  to  reserve  the  investigation  of  these  substances  from  this 
point  of  view.  Moreover,  many  oxygenated  organic  compounds,  such 
as  ketones  and  aldehydes,  interact  readily  with  the  amides,  yielding 
interesting  products,  which  are  also  under  investigation. 

In  concluding  this  paper,  I  desire  to  express  my  thanks  to  Dr. 
Charles  A.  Kohn,  at  whose  suggestion  the  work  was  commenced,  for 
the  interest  he  has  taken  in  it  throughout  its  progress ;  and  also  to 
Professor  J.  Campbell  Brown,  for  the  kindly  advice  he  has  at  all 
times  afforded  me. 

Chemical  Laboratories, 

University  College,  Liverpool. 
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XLVI. — Oximidosulphonates  or  Sidjyhazotates. 
By  Edward  Divers,  M.D.,  F.R.S.,  and  Tamemasa  Haga. 

Feemv,  in  1845,  obtained  a  series  of  salts  of  complex  composition,  by 
treating  a  solution  of  potassium  nitrite  and  hydroxide  with  sulphur 
dioxide,  and  although  he  did  not  succeed  in  getting  any  definite  insight 
into  their  chemical  constitution,  he  was  able  to  classify  them  to  some 
extent,  arranging  them  in  three  groups  :  the  sulphazates,  the  sulphazo- 
tates,  and  the  snlphammonates.  He  attached,  and  justly  so,  special 
importance  to  the  sulphazotates,  the  salts  which  are  the  subject  of 
this  paper  ;  these  on  hydrolysis  yield  the  oxyavtidosulphonates,  treated 
of  in  an  earlier  communication  by  us  to  the  Society  (Trans.,  1889,  55, 
760),  and,  as  the  references  to  the  papers  of  Fremy,  Claus,  and  Kaschig 
are  there  given,  it  will  be  unnecessary  to  repeat  them  in  the  present 
paper. 

A  slight  variation  in  the  method  of  working  gave  Fremy  one  or 
other  of  two  salts,  which  he  named  respectively  basic  sulphazotate  and 
neutral  sulphazotate,  because  from  their  chemical  composition  and 
their  ready  passage  into  each  other  he  held  them  to  be  salts  of  the 
same  acid ;  he  also  described  still  more  basic  sulphazotates  of  potass- 
ium with  barium  and  Avith  lead.  Claus,  in  1871,  worked  on  the  two 
sulphazotates,  and  gave  an  account  of  their  composition,  properties, 
and  relations  to  each  other,  which  was  very  different  from  Fremy's ; 
and  as  he  found  that  they  were  not  convertible  one  into  the  other, 
he  referred  them  to  different  acids  and  renamed  them.  He  also 
brought  to  light  the  sulphonic  constitution  of  these  salts,  which, 
however,  had  been  foreshadowed  by  Fremy,  and,  in  consequence, 
named  Fremy's  neutral  sulphazotate,  disulphydroxyazate,  retaining  for 
his  hasic  sulphazotate  the  name  sulphazotate  simply. 

The  sulphazotates  were  again  examined  in  1887  by  Raschig,  who 
established  their  constitution  as  derivatives  of  hydroxylamine,*  and 
discovered  a  potassium  salt  still  more  alkaline  than  Fremy's  basic 
salt.  He,  in  his  turn,  differed  greatly  from  Claus,  and  found  Fremy's 
account  of  the  salts  in  some  respects  more  in  accordance  with  the 
facts  ;  but,  on  other  grounds  than  those  Clans  had  taken,  he  retained 

*  Claus  bad  pointed  out  that  oxyamidosulphonates  were  derivatives  of  hydroxyl- 
amine, but  had  decided  against  such  a  derivation  for  the  (neutral)  sulphazotate. 
In  a  footnote  to  our  preliminary  paper  on  the  "  Reaction  between  Sulphites  and 
Nitrites  "  (Trans.,  1887,  51,  659),  we  erroneously  represented  Raschig  as  not  quite 
accurate  in  stating  that  Claus  so  decided.  We  regret  our  error.  The  facts  are 
that  while  Claus,  in  one  place  in  his  several  lengthy  papers  overlooked  by  us,  ex- 
pressly makes  this  statement,  he,  in  another  place  indicated  in  our  note,  gives 
the  formula;  ONH(S03K)2  and  HO'N(S03K)2  as  alternative,  without  deciding 
between  them. 

2  0  2 
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the  distinction  made  by  the  latter  between  the  neutral  sulphazotate, 
which  he  renamed  hydroxylamme-distolphonate,  and  the  basic  sulph- 
azotate, which  he  agreed  with  Glaus  in  calling  simply  sulphazotate. 
To  the  third  potassium  salt,  Avhich  he  himself  had  discovered,  he  gave 
the  name  of  basic  sulphazotate. 

In  the  present  contribution  to  the  subject,  the  existence  of  sodium 
oximidosulphonates  is  established,  and  these  salts  as  well  as  those  o£ 
ammonium,  calcium,  strontium,  barium,  and  lead  are  described; 
definite  methods  for  preparing  both  sodium  and  potassium  oximido- 
sulphonates are  given  ;  the  reversion  of  these  salts  to  sulphite  and 
nitrite  is  made  known  ;  and  from  the  inter-relations  of  the  salts 
cussed  apart  by  Claus  and  by  Rascliig  it  is  shown  that  the  constitu- 
tion of  both  is  that  of  oximidosulphonates  (Fremy's  sulphazotates). 

Preparation  of  Sodium  and  Potassium  Oximidosulphonates. 

In  practice  two  courses  are  open  for  the  preparation  of  oximido- 
sulphonates from  nitrites,*  namely,  mixing  solutions  of  the  nitrite 
and  sulphite,  and  treatment  of  a  solution  of  the  nitrite  and  hydr- 
oxide or  carbonate  with  sulphur  dioxide.  The  question,  already 
discussed  by  Claus,  whether  these  methods  are  identical  in  principle, 
need  not  be  considered  here,  as  they  will  form  the  subject  of  a  future 
paper. 

Fremy  could  only  obtain  oximidosulphonates  by  the  second  method, 
but  Claus  was  successful  with  both,  although  he  found  the  second  to 
be  far  more  productive.  Raschig  recommended  (Annalen,  241)  the 
first  method  as  being  the  more  convenient  and  productive  when 
sodium  salts  are  worked  with,  these,  by  double  decomposition  with 
potassium  chloride,  yielding  neutral  potassium  oximidosulphonate 
and  also  an  alkaline  potassium  sodium  oximidosulphonate.  Although 
in  discussing  Claus's  views  he  only  incidentally  mentions  that 
the  second  method  of  preparing  the  potassium  oximidosulphon- 
a,tes  occasionally  succeeds,  yet  he  included  this  method  in  the 
specification  of  his  patent  (1887)  (see  abstracts  in  the  Berichte, 
Chem.  Soc.  J.,  and  /.  Soc.  Ghem.  Ind.)  for  the  manufacture  of  hydr- 
oxylamine.  Both  methods  have  been  investigated  by  us,  and  in  what 
follows  it  will  be  seen  that  we  have  found  the  second  to  be  much 
better  for  the  preparation  either  of  the  potassium  or  of  the  sodium 
salt,  but  that  the  first  can  be  made  far  more  successful  than  it  has 
hitherto  proved  to  be. 

*  It  has  been  sliown  by  Easchig  that  oximidosulphonates  are  also  obtainable 
from  nitric  oxide,  namely,  by  first  converting  it  into  nitrososulpkonate,  Pelouze's 
Bait,  and  then  allowing  this  to  decompose  in  alkaline  solution. 
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Oximidosulphonates  Prepared  by  the  direct  Use  of  Sulphite. 

.Introduction. — Claus  supposed  that  he  used  the  normal  or  dipotas- 
sium  sulphite,  but  it  is  clearly  evident  that  in  reality  he  used  mainly 
the  metasulphite.  The  "  neutral "  or  metasulphite  therefore  must 
be  taken  in  the  proportion  of  "  less  than  four  "  molecules,  or  2K2S2O5, 
to  one  of  nitrite,  KNO2,  as  -with  more  than  four  molecules  nitrilo- 
sulphonate,  N(S03K)3,  alone  separates,  and  even  when  less  than  four 
is  used  much  of  the  latter  salt  is  formed ;  both  salts  are  almost  in- 
soluble, but  the  loose,  fine  needles  of  the  nitrilosulphonates  can  be 
mechanically  washed  away  from  the  large  crystals  of  the  oximido- 
sulphonate ;  the  solutions  used  should  not  be  too  dilute.  The  yield 
of  oximidosulphonate  is  very  small.  We  can  confirm  Claus's  ac- 
count of  this  very  unproductive  process. 

To  prepare  the  neutral  salt,  Raschig  runs  into  a  mixture  of  ice 
with  a  solution  of  one  molecular  proportion  of  sodium  nitrite,  a  solu- 
tion of  two  molecular  proportions  of  sodium  bisulphite  (that  is  1  mol.  of 
metasulphite)  adds  two  molecular  proportions  of  potassium  chloride 
in  cold  saturated  solution,  and  leaves  the  whole  to  crystallise. 
Nitrilosulphonate  forms  as  well  as  oximidosulphonate,  but  the  two 
can  be  sejDarated  by  elutriation,  as  directed  by  Claus.  The  yield  of 
potassium  salt  is  stated  to  be  about  half  the  calculated  quantity.  No 
mention  is  made  in  Raschig's  memoir  in  the  Aimalen,  or  in  the  papers 
in  the  Berichte,  of  the  process  being  applied  to  potassium  nitrite  and 
sulphite  so  as  to  get  the  potassium  oximidosulphonate  direct,  the 
above  indirect  process  obviously  being  resorted  to  as  superior  to  it. 
In  the  specification  for  the  patent,  however,  which  of  course  pre- 
ceded the  publication  of  the  memoir,  Raschig  did  give  the  direct 
method  ;  his  process  has  proved  successful  in  our  hands,  but  less  so 
than  in  his. 

The  same  investigator  records  the  preparation  from  sulphite  of  a 
potassium  sodium  oximidosulphonate  having  the  basicity  of  Fremy's 
basic  potassium  sulphazotate  ;  having  on  one  occasion  poured  com- 
mercial solution  of  sodium  bisulphite  on  to  cold  sodium  nitrite,  he 
found  the  mixture  become  boiling  hot,  and  on  adding  a  large  quantity 
of  potassium  chloride  it  yielded  much  potassium  sodium  nitrilo- 
sulphonate  ;  during  the  twenty-four  hours  following,  however,  the 
mother  liquor  deposited  the  new  salt,  together  with  some  potassium 
nitrilosulphonate.  "We  have  not  beea  able  to  confirm  his  experience. 
The  potassium  sodium  salts  we  can  get,  but,  according  to  our  own 
observation,  the  addition  of  alkali  hydroxide,  of  which  he  says  nothing, 
is  requisite  to  form  an  alkali  oximidosulphonate,  and  from  Raschig's 
own  sound  criticism  (op.  cit.,  p.  222)  of  Claus's  method  of  preparing 
the  alkaline  potassium  salt,  it  might  be  supposed  that  he  too  believed 
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in  this  necessity  of  adding  hydroxide  in  order  to  form  any  basic 
oximidosulphonate. 

Preparation  of  Neutral  Potassium  Oximidosulphofiate  from  Meta- 
sulphite. — In  preparing  potassium  oximidosulphonate  from  meta- 
sulphite  we  ourselves  work  with  potassium  salts  from  the  first.  The 
solutions  of  potassium  nitrite  and  metasulphite  have  ice  floating  in 
them,  and  after  the  mixture  has  been  kept  in  ice  for  a  day  or  more, 
the  ice-cold  mother  liquor  is  drained  off  from  the  crystals  which  have 
formed.  Raschig,  as  we  understand  from  abstracts  of  the  specifica- 
tion of  his  patent,  would  allow  the  temperature  to  rise  even  to  40°, 
but  the  result  is  similar  to  that  obtained  by  Claus,  namely,  much 
nitrilosulphonate  and  very  little  oximidosulphonate.  Some  nitrilo- 
sulphonate  forms  even  in  the  ice-cold  mixture,  and  has  to  be  washed 
away  from  the  oximidosulphonate  crystals ;  moreover,  the  mother 
liquor,  when  it  acquires  the  common  temperature,  subsequently  pro- 
duces and  deposits  more  nitrilosulphonate.  The  proportion  of  the 
salts  taken  should  be  somewhat  more  than  three  molecular  pi-opor- 
tions  of  metasulphite  to  two  of  nitrite,  instead  of  one  to  one  as 
Raschig  directs.  Much  sulphite  remains  in  the  mother  liquor,  but 
only  insignificant  quantities  at  most  of  nitrite.  Some  inconvenience 
in  preparing  the  ice-cold  solutions  is  caused  by  the  sparing  solubility 
of  the  metasulphite,  which  entails  the  cooling  of  large  volumes  of 
solution.  The  yield  of  washed  crystals  of  the  oximidosulphonate  is 
about  60  (63)  per  cent,  of  the  calculated  quantity,  and  this  seems  not 
to  have  been  even  remotely  approached  by  previous  workers,  al- 
though it  is  greatly  surpassed  by  that  of  the  sulphur  dioxide  method 
described  on  p.  531.  By  working  at  temperatures  some  degrees 
below  0°,  the  production  of  nitrilosulphonate  seems  to  be  further 
lessened,  and  that  of  oximidosulphonate  somewhat  increased. 

It  is,  moreover,  almost  certain  that  the  formation  of  the  nitrilo- 
sulphonate increases  relatively  to  that  of  the  oximidosulphonate  as 
the  nitrite  remaining  grows  less,  the  sulphite  having  more  and  more 
already-formed  oximidosulphonate  to  work  on  along  with  less  and 
less  nitrite.  This  view  of  the  matter  is  supported  by  experience,  for 
when  the  metasulphite  is  added  to  an  excess  of  nitrite,  the  crystals 
of  oximidosulphonate  produced,  when  washed  from  the  little  nitrilo- 
sulphonate accompanying  them,  amount  to  80  per  cent,  of  what  is 
theoretically  obtainable  from  the  metasulphite  taken. 

Formation  of  Neutral  Sodium  Oximidosulphonate  from  Metasulphite. 
— By  treating  one  molecular  proportion  of  sodium  nitrite  with  two. 
or  a  little  less  than  two,  of  sodium  metasulphite,  the  nitrite  may  be 
wholly  sulphonated,  principally  into  oximidosulphonate,  but  partly 
into  nitrilosulphonate.  To  prevent  heating,  the  solutions  are  best 
mixed  ice-cold,  but  the  mixture  can  then  be  exposed  to  the  ordinary 
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temperature  and  left  so  for  a  day.  This  process  is  of  little  practical 
use,  however,  because  the  very  soluble  sodium  oximidosulphonate 
canuot  be  separated  from  the  sulphite  and  nitrilosulphonate  which 
accompany  it.  The  actual  success  of  the  process  in  forming  much 
oximidosulphonate  could,  therefore,  only  be  ascertained  by  analysis ; 
the  excess  of  sulphite  was  precipitated  as  barium  salt,  the  solution 
hydrolysed,  and  the  hydroxylamine  estimated.  In  this  way  evidence 
was  got  that  88  per  cent,  of  the  nitrite  is  converted  into  oximido- 
sulphonate. 

The  solution  of  the  sodium  salt  thus  obtained,  like  that  prepared 
according  to  Raschig's  directions,  yields  the  potassium  salt  by 
double  decomposition ;  the  product,  however,  is  purer,  and  the 
quantity  markedly  larger.  Raschig  used  only  half  as  much  meta- 
sulphite  as  we  use,  and,  therefore,  according  to  our  results,  must 
have  left  one-third  of  the  nitrite  undecomposed  in  the  solution.  He 
also  added  the  potassium  chloride  just  after  mixing  the  sodium  salts, 
and  did  not,  it  would  seem,  keep  the  solutions  cold,  as  is  necessary 
in  presence  of  potassium  salts.  In  his  method,  consequently,  much 
more  nitrilosulphonate  is  found  than  in  ours,  in  which  the  solution 
of  the  sodium  salts  is  only  treated  with  the  potassium  chloride  after 
it  has  stood  a  day  and  the  reaction  is  nearly  complete,  being  then 
again  cooled  in  ice,  so  as  to  prevent,  as  far  as  possible,  the  formation 
of  nitrilosulphonate,  which  otherwise  goes  on,  especially  in  the  case 
of  the  potassium  salt.  Following  this  method,  the  oximidosulphon- 
ate obtained  contains  so  little  nitrilosulphonate  that  it  only  becomes 
visible  during  the  recrjstallisation  of  the  product.  These  points, 
however,  are  now  of  no  importance  as  regards  the  preparation  of  the 
potassium  salt,  as  we  have  two  far  better  processes  for  its  prepara- 
tion, one  just  given  (p.  526),  and  the  other  described  on  p.  531. 

Oximidosulphonates  Prepared  by  the  Use  of  Sulphur  Dioxide. 

Introduction. — Fremy's  process  for  the  neutral  potassium  salt  is  to 
pass  sulphur  dioxide  into  a  suitably  concentrated  solution  of  potassium 
nitrite  and  hydroxide  until  the  new  salt  separates.  He  found, 
however,  that  if  the  solution  be  sufficiently  concentrated,  the  hasic 
oximidosulphonate  will  make  its  appearance  instead,  whilst,  with 
highly  concentrated  solutions,  the  "  sulphazate,"  and  occasionally  the 
"  metasulphazate,"  will  first  form.  Under  these  circumstances,  water 
must  be  added  in  sufficient  quantity  to  dissolve  these  salts,  and  the 
passage  of  sulphur  dioxide  continued  until  the  neutral  salt  begins  to 
crystallise. 

Claus  found  Fremy's  prescription  too  indefinite  and  uncertain,  and 
therefore  modified  it,  mainly  so  far  as  to  employ  equivalent  quantities 
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of  nitrite  and  hydroxide.  He  could  get  no  such  simple  succession  of 
salts  as  Fremy  had  obtained,  and  he  had  always  much  nitrilosulphon- 
ate  to  deal  with,  a  salt  which  gave  no  trouble  to  Fremy.  By  keep- 
ing the  mixture  cool  during  the  passage  of  the  sulphur  dioxide  he  got 
a  solution  which  gave  crystals  of  the  neutral  oximidosulphonate,  not 
immediately,  as  Fremy  had  found,  but  only  on  standing.  If  the 
mixture  was  allowed  to  get  hot  by  the  action  of  the  sulphur  dioxide, 
crystals  separated  very  like  Fremy 's  sulphazate,  and  these,  Avhen 
treated  with  enough  water,  left  much  insoluble  nitrilosulphonate,  and 
gave  a  solution  which  slowly  deposited  crystals  of  the  neutral 
oximidosulphonate,  along  with  those  of  the  corresponding  basic  salt. 

Raschig,  in  the  specification  of  his  patent,  appends  to  the  account 
of  the  process  for  the  preparation  of  the  neiitral  oximidosulphonate  a 
statement  to  the  effect  that  this  salt  may  also  be  obtained  by  passing 
sulphur  dioxide  in  excess  into  a  solution  of  alkali  nitrite  and  its 
equivalent  of  either  hydroxide  or  carbonate ;  but,  in  his  memoir  in 
tl^e  Annalen,  published  later,  he  makes  no  mention  of  this,  and  con- 
demns Fremy's  and  Claus's  similar  processes  as  being  very  often 
unproductive.  Evidently  he  thought  little  of  this  method  because  of 
its  uncertainty  ;  yet,  as  we  shall  show,  it  is,  when  properly  modified, 
admirably  adapted  for  preparing  both  the  sodium  and  the  potassium 
salts ;  indeed,  it  is  the  only  one  by  which  sodium  oximidosulphonate 
can  be  isolated. 

Fremy  prepared  his  basic  salt  nearly  in  the  same  way  as  his  neutral 
salt,  merely  using  more  concentrated  solutions,  and  so  regulating  the 
passage  of  the  sulphur  dioxide  (assisted,  it  would  seem,  by  the  addi- 
tion of  more  potassium  hydroxide),  that  the  separation  of  crystals 
should  take  place  while  the  solution  was  still  strongly  alkaline. 
Some  care  was  required  as  to  the  degree  of  concentration,  which  was 
adjusted  by  beginning  with  solutions  strong  enough  to  deposit 
sulphazate,  and  then  adding  just  sufficient  water  to  redissolve  this 
before  passing  in  more  sulphur  dioxide.  A  second  method  was  to 
make  sulphazate  and  salts  allied  to  it,  and  then  treat  these  with 
water,  when  the  alkaline  oximidosulphonate  slowly  crystallised  from 
the  solution. 

Claus,  in  following  Fremy's  main  process,  was  unable  to  get  the 
alkaline  salt  except  in  admixture  with  the  neutral  salt  and  other 
compounds.  By  fractional  crystallisation  it  could,  indeed,  be  sepa- 
rated from  these,  bat  he  preferred  a  modification  of  Fremy's  second 
process,  in  which  salts  nearly  the  same  as  Fremy's  sulphazate,  with 
their  adhering  alkaline  mother  liquor,  are  boiled  with  two  or  three 
times  their  volume  of  water,  the  solution  filtered  hot,  and  when 
barely  cold  decanted  from  the  crystals  of  basic  salt  which  have 
formed.     This  Fremy-Claus  process,  in  our  opinion,  is   no  longer  of 
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any  value,  as  the  two  alkaline  salts  can  be  readily  obtained  from  the 
neutral  salt. 

Preparation  of  Neutral  Sodium  Oximidosulphonate  hy  the  Sulphur 
Dioxide  Method. — The  salts  must  be  in  the  proportion  of  2  mols.  of 
sodium  nitrite  to  one  of  sodium  carbonate,  or  two  of  sodium  hydrox- 
ide, but  with  about  a  tenth  extra  of  the  carbonate  or  hydroxide, 
called  for  by  the  unavoidable  conversion  of  about  a  tenth  of  the 
nitrite  into  nitrilosulphonate.  In  our  experience,  this  proportion 
gives  about  the  highest  yield  of  oximidosulphonate,  all  the  nitrite 
being  decomposed.  Suppose  the  nitrite  used  to  contain  96  per  cent, 
of  the  pure  salt,  and  the  quantity  taken  to  be  50  grams  ;  this  is  put 
into  a  500  c.c.  flask  along  with  110  grams  of  sodium  carbonate 
crystals,  or  30'8  grams  of  real  sodium  hydroxide,  a  piece  of  lacmoid 
paper,  and  150  c.c.  of  water  when  carbonate  is  taken,  or  200  c.c. 
when  hydroxide  is  taken,  the  flask  being  fitted  with  a  cork  carrying 
inlet  and  exit  tubes,  and,  if  convenient,  a  thermometer.  The  inlet 
tube,  dipping  into  the  solution,  is  connected  with  the  sulphur  dioxide 
apparatus,  and  the  exit  tube  with  a  washing  bottle  containing  water ; 
the  caoutchouc  tubes  used  for  this  purpose  should  be  long  enough  to 
allow  of  free  movement  of  the  flask.  The  stream  of  sulphur  dioxide 
may  be  rapid  (when  carbonate  is  used,  very  rapid),  but  not  so  as  to 
cause  any  fumes,  either  white  or  red,  in  the  flask  kept  in  active 
motion  and  immersed  in  water  with  ice  floating  in  it ;  hardly  any 
sulphur  dioxide  will  escape  absorption.  In  about  70  minutes  the 
solution  will  have  become  acid  or  nearly  so,  if  the  sulphur  dioxide 
has  been  passed  in  at  a  good  rate.  When  carbonate  is  used,  notice  of  the 
remote  approach  of  neutralisation  is  given  by  the  complete  disap- 
pearance of  the  precipitate  of  sodium  hydrogen  carbonate  formed  by 
the  action  of  the  sulphur  dioxide,  and,  when  sodium  hydroxide  has 
been  used,  by  the  disappearance  of  the  precipitated  sulphite.  By 
eft'ecfcing  the  neutralisation  very  slowly  towards  the  close,  until 
acidity  to  lacmoid  paper  is  just  reached,  the  end  of  the  action  may  be 
so  hit  off  that  the  solution  is  not  only  free  from  nitrite,  but  contains 
only  traces  of  sulphite.  In  practice,  we  find  it  better  to  allow  the 
gas  to  enter  quickly  up  to  distinct  acidity,  and  then  at  once  stop  its 
flow,  for  although  the  solution  is  then  found  to  contain  a  not  incon- 
siderable quantity  of  sulphite,  and  to  give  off"  a  small  quantity  of 
nitrous  fumes,  this  hardly  affects  the  yield  of  oximidosulphonate,  and 
there  is  great  saving  of  time  and  attention.  When  the  operation  is 
finished  slowly,  it  is  usually  necessary  to  add  a  drop  of  dilute  sulph- 
uric acid  at  last  to  destroy  nitrilosulphonate. 

In  the  solution,  prepared  either  Avay,  the  nitrilosulphonate  present 
undergoes  hydrolysis  into  imidosulplionate  and  acid  sulphate.  To 
make  sure  of  the  disappearance  of  every  trace  of  this  very  unstable 
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and  injurious  salt,  the  solution  is  well  cooled  after  the  rapidly  occurring 
hydrolysis,  and  left  in  its  acid  condition  for  from  10  to  15  minutes, 
while  in  the  case  of  its  containing  sulphur  dioxide  a  free  stream  of 
air  is  blown  through  it  to  cairy  this  away ;  in  such  a  solution,  the 
oximidosulphonate  is  able  to  resist  the  hydrolysing  action  of  a  little 
sulphuric  acid  for  15  minutes  or  so.  To  the  solution  deprived  of  all 
nitrilosulphonate,  and  almost  all  sulphur  dioxide,  concentrated  solution 
of  sodium  carbonate  is  now  added  until  alkalinity  is  reached  ;  for 
this  purpose,  about  10  grams  of  the  carbonate  will  be  wanted,  but 
more  should  be  at  hand  to  at  once  arrest  hydrolysis,  should  it  happen 
to  have  set  up  in  the  oximidosulphonate. 

The  solution  now  contains  about  150  grams  of  oximidosulphonate 
in  about  220  grams  of  water,  along  with  15  grams  of  disodium 
imidosulphonate,  and  22  of  hydrated  sodium  sulphate  ;  after  filtration 
from  any  impurities  derived  from  the  nitrite,  it  must  be  evaporated, 
but  as  this  cannot  be  safely  effected  at  a  steam-heat,  it  is  carried 
out  either  at  a  gentle  heat  in  the  air,  or  in  a  vacuum  over  sulphuric 
acid.  When  the  solution  has  been  somewhat  concentrated,  say  to  a 
weight  of  300  grams,  it  is  cooled  in  ice,  and  after  some  hours  strained, 
in  the  refrigerator,  from  the  transparent  magma  of  sodium  sulphate 
crystals  which  has  formed.  Should  the  oximidosulphonate  be  wanted 
for  the  preparation  of  oxyamidosulphonate  or,  through  this,  of  hypo- 
nitrite  (Trans.,  1889,  55,  7t)0),  this  solution  can  be  at  once  used  for 
the  purpose. 

The  solution,  deprived  in  this  way  of  the  greater  part  of  its 
sulphate,  soon  yields  much  of  the  sodium  oximidosulphonate  when 
further  concentrated  in  the  vacuum  evaporator ;  when  90  or  100 
grams  of  the  salt  has  crystallised  out,  the  mother  liquor  may  be 
deprived  of  more  sulphate  by  cooling,  and  it  then  yields  a  further 
crop  of  nearly  pure  oximidosulphonate  crystals  by  evaporation. 

Even  as  first  obtained,  disodium  oximidosulphonate  is  nearly  pure; 
it  is  an  anhydrous  salt  forming  hard  and  dense,  small,  thick  prisms, 
which  are  deposited  as  a  thick  crust  on  the  bottom  of  the  crystallising 
pan  ;  it  may  be  recrystallised  and  evaporated  by  dissolving  it  in  a 
small  quantity  of  hot  water  rendered  slightly  alkaline  by  ammonia. 

Titration  of  some  of  the  original  liquor,  after  hydrolysis  of  the  salt 
into  hydroxyl amine,  shows  the  yield  to  be  90  per  cent.,  more  or  less, 
of  the  quantity  calculated  from  the  nitrite,  but  the  crystals  obtained 
do  not  amount  to  much  more  than  70  per  cent.,  because  the  magma 
of  sodium  sulphate  retains  much  of  the  solution,  which  is  very  con- 
centrated. 

The  thery  of  the  formation  of  the  oximidosulphonates  is  contained 
in  the  theory  of  the  reaction  between  nitrites  and  sulphites,  and  this 
we  hope  to  discuss  in  a  future  paper.     It  will  be  enough  to  point  out 
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here  that  one  molecule  of  nitrite,  one  of  hydroxide,  and  two  of  sulphur 
dioxide  are  theoretically  convertible  into  oximidosulphonate,  without 
any  secondary  product. 

NaNOa  +  NaOH  +  280^  =  HO-NCSOaNa),. 

It  will  be  seen,  therefore,  that  with  these  proportions,  even  if 
sulphite  were  to  be  used  instead  of  hydroxide  or  carbonate  to  begin 
with,  the  use  of  sulphur  dioxide  could  not  be  dispensed  with.  Cooling 
during  the  preparation  of  the  solution  gaards  against  premature 
hydrolysis,  and  lessens  the  production  of  nitrilosulphonate,  and  the 
quantity  of  water  is  limited  because  it  has  to  be  evaporated  afterwards 
in  the  cold ;  if  much  less  is  used,  the  acid  carbonate  or  normal 
sulphite,  as  the  case  may  be,  which  separates  may  thicken  the  solu- 
tion so  that  it  cannot  be  agitated  with  the  sulphur  dioxide  sufficiently 
rapidly  to  prevent  the  injurious  action  of  local  excess  of  the  latter. 

It  is  generally  more  convenient  to  work  with  sodium  carbonate 
than  with  the  hydroxide ;  and  on  a  large  scale  especially,  or  on  a 
moderately  large  scale,  much  more  rapid  working  is  possible  with  the 
carbonate  than  with  the  hydroxide,  as  less  heat  is  developed  when 
the  foi-mer  is  used. 

Preparation  of  Neutral  Potassmm  Oximidosulphonate,  using  Sulphur 
Dioxide. — The  process  just  described  for  getting  sodium  oximidosulph- 
onate is  eminentl}'^  successful  when  employed  for  the  preparation  of 
potassium  oximidosu^lphonate.  Other  processes,  already  published, 
cannot  approach  it  in  certainty  and  in  purity  of  the  salt  produced.  Over 
the  process  described  in  this  paper  (p.  526),  in  which  a  mixture  of  some- 
what more  than  three  molecular  proportions  of  potassium  metasulphite 
with  two  of  nitrite  is  employed,  it  has  the  same  advantages,  although 
in  a  less  degree,  and  in  addition  that  of  not  requiring  the  use  of  large 
quantities  of  solution ;  moreover  it  is  still  more  certain  than  that 
process,  and  gives  a  yield  in  crystals  of  nearly  97  per  cent,  of  the 
calculated  quantity  of  the  salt  when  carbonate  is  used,  and  nearly  95 
per  cent,  when  hydroxide  is  used,  whilst  the  amount  of  nitrilo- 
sulphonate produced  is  so  small  that  it  is  not  visible,  even  on  re- 
crystallising.  It  is  the  sparing  solubility  of  the  potassium  salt  which 
makes  its  preparation  simpler  than  that  of  the  sodium  salt,  and  also, 
by  throwing  it  out  of  solution  when  formed,  removes  it  to  a  very  great 
extent  from  the  influence  of  the  sulphite  and  sulphurous  acid,  thus 
lessening  the  formation  of  nitrilosulphonate.  Our  success  with  this 
method  has  been  much  greater  than  that  attained  by  either  Glaus 
or  Raschig,  mainly  because  "we  have  taken  the  nitrite  and  the  hydr- 
oxide in  the  right  proportion,  and  have  also  guarded  against  local 
excess  of  sulphur  dioxide,  and  kept  the  temperature  low. 

Potassium   nitrite,    assayed   for   real   salt,  and    either    powdered 
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potassium  hydrog-en  cai-bonate  or  concentrated  solution  of  potassium 
hydroxide  in  molecular  proportions  are  put  into  a  capacious  flask, 
with  a  weight  of  water  about  eight  times  that  of  the  real  nitrite, 
and  the  mixture  is  kept  at  0°,  or,  even  better,  at  2°  or  so 
below  zero,  by  means  of  a  brine  bath  with  ice  floating  in  it.  To 
maintain  this  temperature  during  the  passage  of  the  sulphur  di- 
oxide, the  flask  must  be  kept  in  active  motion,  with  a  thermo- 
meter in  it  for  observation.  The  sulphur  dioxide  is  then  rapidly 
passed  in  by  a  wide  inlet  tube,  terminating  high  above  the  surface 
of  the  solution,  in  order  to  guard  against  its  being  choked,  until 
the  carbonate  has  all  dissolved  and  effervescence  has  almost 
ceased,  or  until  the  hydroxide,  if  that  has  been  used,  is  nearly  neu- 
tralised, and  the  gas  is  then  slowly  passed  until  the  solution  has 
become  neutral  to  lacmoid  paper.  The  oximidosulphonate  separates 
during  the  latter  part  of  the  process  as  a  crystalline  powder.  The 
mother  liquor  retains  a  little  of  it  in  solution,  and  contains  besides  some 
nitrilosulphonate,  together  with  small  quantities  of  nitrite  and  sulphite. 
The  precipitated  oximidosulphonate  can  be  got  in  good  and  charac- 
teristic crystals  of  great  purity  and  comparative  stability  by  dissolving 
it  in  hot  water  containing,  for  safety,  a  little  ammonia.  The  quantity 
of  water  used  should  be  such  that  the  liquid  is  not  thickened  by  the 
separation  of  the  insoluble  oximidosulphonate.  When  passing  the 
sulphur  dioxide  into  the  flask  closed  with  a  cork  containing  the  inlet 
and  outlet  tubes  and  the  thermometer,  and  with  the  inlet  tube  ending 
7  or  8  cm.  above  the  surface  of  the  solution,  it  is  remarkable  to 
observe  the  almost  perfect  absorption  of  the  sulphur  dioxide  by  the 
well-agitated  solution,  and  this  even  when  the  alkali  is  used  as 
carbonate,  so  that  carbon  dioxide  is  freely  escaping. 

Preparation  of  Alhaline  Oximidosulphonates  from  the  Neutral  Salts. 

Alkaline  Sodium  Oximidostdphonates. — The  alkaline  sodium  ox- 
imidosulphonate, Na3NS207,  corresponding  to  Raschig's  hasic  jpotas- 
siuin  sulphazotate,  can  be  got  by  dissolving  the  neutral  salt  in  water, 
adding  exactly  the  calculated  quantity  of  sodium  hydroxide,  and 
evaporating  to  the  crystallising  point  in  a  vacuum  desiccator.  The 
possibility  of  obtaining  the  salt  in  this  way  is  of  theoretical  import- 
ance, but,  as  it  is  less  soluble  in  presence  of  sodium  hydroxide,  it  can 
at  once  be  thrown  down  as  a  crystalline  precipitate  by  adding  sodium 
hydroxide  in  excess  to  a  concentrated  solution  of  neutral  sodium 
oximidosulphonate ;  the  crystals  are  drained  on  a  tile  and  recrystal- 
lised  once  or  more  by  dissolving  and  evaporating. 

A  less  alkaline  sodiuvi  salt,  NasH(NS207)3,  is  obtained  when  a  solution 
of  the  neutral  oximidosulphonate  is  evaporated  with  somewhat  less 
sodium  hydroxide  than  is  needed  to  form  the  above  salt,  such  as  half 
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that  quantity ;  it  can  be  parified  by  recrystallisation  from  water.  It 
does  not  correspond  in  composition  to  Premy's  basic  sulphazotate  of 
potassium,  being  more  alkaline  than  that  salt. 

Alkalhie  Potassium  Oximidosulphonates. — The  alkaline  potassium 
salt,  K3N"S207,  discovered  by  Raschig,  was  obtained  by  him  by 
dissolving  the  neutral  salt  in  hot  water  rendered  alkaline,  cooling 
rapidly,  adding  to  the  supersaturated  solution  cold  concentrated 
potassium  hydroxide  solution  until  it  produced  a  turbidity,  and 
leaving  the  mixture,  which  then  deposited  the  new  salt  in  crystals. 
He  also  prepared  it  by  adding  an  excess  of  very  strong  potassium 
hydroxide  solution  to  Fremy's  basic  salt  dissolved  in  a  little  warm 
water,  and  precipitating  by  alcohol.  Not  only  is  excess  of  alkali 
useful,  as  it  diminishes  the  solubility  of  the  salt,  but  it  is,  moreover, 
necessary,  in  order  to  preserve  the  salt  from  decomposition  by  water ; 
this  is  not  the  case  with  the  sodium  salt.  When,  however,  alcohol  is 
to  be  used  as  the  precipitating  agent,  the  excess  of  alkali  used  by 
Raschig  is  uncalled  for,  just  as  in  the  case  of  the  sodium  salt,  for 
a  sufi&ciency  of  alcohol  precipitates  the  salt  even  when  the  calcu- 
lated quantity  only  of  potassium  hydroxide  has  been  added.  Indeed, 
the  best  way  to  purify  the  salt  from  adhering  alkali  is  to  dissolve 
it  in  water  and  precipitate  by  alcohol,  repeating  the  process  once  or 
twice. 

The  less  Alkaline  Potassium  Salt,  l^sH.(N&20i)2- — Fremy  found  that 
the  neutral  salt  in  the  solid  state  combines  at  once  with  potassium 
hydroxide  if  treated  with  an  excess  of  the  latter  in  solution,  and  that 
the  product,  when  dissolved  in  hot  water,  deposits  crystals  of  his  basic 
sulphazotate  on  cooling.  We  have  fully  confirmed  Fremy's  experi- 
ence ;  and,  although  from  the  fact  of  both  salts  being  very  sparingly 
soluble,  the  change  of  the  powdered  neutral  salt  into  the  alkaline  one 
is  not  very  apparent  to  the  eye,  yet  the  powdered  salt  rapidly  with- 
draws the  potassium  hydroxide  from  the  solution,  which  consequently 
loses  all  its  caustic  taste.  When  concentrated,  the  alkali  solution,  as 
Fremy  noted,  causes  heating,  whereas,  if  it  is  dilute,  we  find  it  produces 
a  fall  of  temperature  amounting  to  about  three  degrees,  due,  no  doubt, 
not  so  much  to  the  dissolution  of  salt  as  to  the  liquefaction  of 
three-fourths  of  the  water  of  crystallisation  of  the  neutral  salt  trans- 
formed. 

Claus  denied  altogether  that  the  neutral  salt  could  be  converted 
into  the  alkaline  salt,  and  Raschig  found  it  necessary  for  success  to 
modify  Fremy's  process.  Raschig  uses  twice  the  calculated  quantity 
of  potassium  hydroxide  in  concentrated  solution,  heats  to  boiling,  and 
crystallises  the  salt  by  cooling ;  the  salt  is  then  purified  by  recrystal- 
lisation from  water.  Weak  alkaline  solutions  of  the  neutral  salt  did 
indeed  yield  crystals  of  the  alkaline  salt,  but,  in  order  to  do  so,  it 
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had  to  be  left  to  stand  for  some  weeks.  According'  to  our  experience, 
however,  any  excess  of  alkali  is  unnecessary,  and  best  avoided,  as 
then  the  alkaline  salt  is  at  once  obtained  pure.  N'either  need  the 
solution  of  the  alkali  be  concentrated,  nor  the  mixture  be  heated  to 
boiling,  nor  time  be  given  more  than  is  usual  for  crystallising  out 
salts.  If  crystallisation  is  retarded,  it  may  be  at  once  detei-mined  by 
dropping  in  a  particle  of  the  solid  salt. 

Alhaline  Potassium  Sodium  Oximidosulphonates. — There  is  some 
difficulty  in  preparing  potassium  sodium  salts  having  a  basicity  as 
great  as  that  of  the  more  alkaline  sodium  or  potassium  salt,  but  several 
less  alkaline  can  be  obtained  by  mixing  in  solution  the  neutral  potas- 
sium salt  with  sodium  hydroxide,  or  the  neutral  sodium  salt  with 
potassium  hydroxide,  and  either  evaporating  or  adding  alcohol. 

Alkaline  Barium,,  Strontium,  and  Lead  Salts. — Addition  of  barium 
hydroxide  or  of  oxy-lead  acetate  to  a  solution  of  neutral  potassium, 
sodium,  or  ammonium  oximidosulphonate  causes  a  precipitation  of  an 
alkaline  or  "  basic  "  salt.  Strontium  hydroxide  gives  a  precipitate 
of  alkaline  salt  with  potassium  oximidosulphate  almost  immediately ; 
it,  however,  gives  no  precipitate  with  sodium  or  ammonium  oximido- 
sulphonate, but  causes  an  alkaline  salt  to  crystallise  out  in  a  few 
hours. 

Decomposition  of  Chlorides  and  Nitrates  by  the  Neutral  Oximido- 
sulphonates.— The  neutral  potassium  salt  in  solution,  along  with  potas- 
sium chloride,  potassium  nitrate,  or  sodium  chloride,  when  treated  with 
strong  ammonia  solution,  yields  alkaline  oximidosulphonates,  either 
at  once  or  after  evaporation,  ammonium  chloride  or  nitrate  being 
formed. 

Decomposition  of  Carbonates  and  of  A  cetates  oy  the  Neutral  Oximido- 
sulphonates.— When  a  warm  solution  of  sodium  or  potassium  carbon- 
ate is  saturated  with  the  neutral  potassium  oximidosulphonate,  the 
less  alkaline  potassium  salt  or  an  alkaline  potassium  sodium  salt  crys- 
tallises out  on  cooling.  Neutral  sodium  or  potassium  oximidosulpho- 
nate evaporated  with  either  sodium  or  potassium  acetate  gives  off 
acetic  acid  vapours,  and  yields  a  highly  alkaline  solution  (of  alkaline 
oximidosulphonate). 

Beconversion  of  Alkaline  into  Neutral  and  less  Alkaline  Oximido- 
sulphonates. 

The  conversion  of  the  more  alkaline  back  into  the  alkaline,  and  of 
these  again  into  the  neutral  oximidosulphonates,  described  in  this 
section,  and  the  conversion  of  neutral  into  alkaline  oximidosulpho- 
nates, described  in  the  preceding  section,  demand  particular  attention 
as  being  opposed  to  the  view  maintained  by  Claus  and  by  Raschig 
that  Fremy's  sulphazotates  include  the  salts  of  two  distinct  acids. 
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Solutions  of  the  more  alkaline  and  of  the  neutral  sodium  oximido- 
sulphonates,  if  evaporated  together — ^bestina  vacuum  desiccator^are 
converted  into  the  less  alkaline  salt  in  crystals;  two  equivalents  oE 
the  former  combine  with  one  of  the  latter,  and  this  happens  even 
when  only  one  equivalent  of  the  former  salt  is  taken,  excess  of  the 
latter  then  remaining  in  the  mother  liquor.  We  find  also  that  when 
a  concentrated  solution  of  the  more  alkaline  potassium  salt  is  mixed 
with  a  cold  supersatui^ated  solution  oE  the  neutral  potassium  salt  in 
equivalent  quantity,  crystallisation  of  the  less  alkaline  salt  soon  sets 
in,  or,  if  not,  it  can  at  once  be  determined  by  adding  a  crystal  of  this 
salt. 

Conversely,  the  less  alkaline  salt,  when  treated  with  a  solution  of  a 
lead  or  a  barium  salt,  is  resolved,  as  Fremy  found,  into  the  neutral 
salt  and  the  more  alkaline  salt,  the  latter  separating  as  an  insoluble 
potassium  and  lead  or  barium  salt.  Indeed,  this  conversion  is  the 
basis  of  one  of  Fremy's  methods  of  getting  the  neutral  potassium  salt. 
Fremy 's  observation  was  emphatically  discredited  by  Claus,  and 
ignored  by  Raschig. 

Weak  acids,  including  sulphurous  acid  (c/.  Fremy),  and  even  strong 
acids  diluted  and  cautiously  used,  convert  the  alkaline  salts  into  the 
neutral  salts,  provided  they  are  not  added  in  excess  so  as  to  hydrolyse 
the  oximidosulphonate  ;  Claus  emphatically  denied  this  to  be  the 
case,  but  Fremy  was  right.  Metasulphite  also,  added  not  in  excess, 
removes  alkali  from  the  alkaline  salts,  and  becomes  normal  sulphite 
as  shown  by  the  mixed  solutions  being  neutral  to  methyl-orange. 

Several  metallic  salts,  such  as  those  of  zinc  and  manganese, 
behave  like  acids  with  the  alkaline  salts,  converting  them  into  the 
neutral  salts,  and  depositing  their  own  metal  as  hydroxide,  as  was 
observed  by  Fremy.  Water  alone,  when  present  in  large  quantity, 
suflB.ces  to  convert  the  more  alkaline  potassium  salt  into  a  mixture  of 
the  less  alkaline  salt  and  potassium  hydroxide  {cf.  Raschig),  but  has 
little,  if  any,  action  on  the  sodium  salt. 

Constitution — Identity  of  Oximiidosulphonates  and  SulpJiazotates. 

The  constitution  of  the  oximidosulphonates  as  sulphonic  deriva- 
tives of  hydroxylamine  follows  from  their  formation  by  the  union 
of  nitrite  with  sulphite,  and  from  their  hydrolysing  in  stages  into 
hydroxylamine  and  sulphate.  From  the  account  we  have  given,  and 
Fremy  before  us,  of  the  conversion  of  the  neutral  into  the  alkaline, 
and  of  the  alkaline  into  the  neutral  salts,  it  might  also  be  accepted 
without  hesitation  that  they  are  all  the  salts  of  one  acid,  were  it  not 
for  the  dissent  of  Claus  and  of  Raschig  from  this  conclusion. 

It  seems  to  us  that  all  the  compounds  described  in  this  paper  are 
as  clearly  salts  of  one  acid  as  that  the  acid,  neutral,  and  alkaline 
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orthophosphates  are  all  salts  of  one  phosphoric  acid.  This  acid, 
Fremy's   salphazotic  acid,  is  oximidosulphonic   acid,  a  tribasic   acid 

H0-S02 
•with  the  constitutional  formula  HO'N    ,  but  unknown  as  the  hydrogen 

HO-SOa 
salt.     Of  this  acid,  the  salts  with  neutral   or  slightly  acid  reaction 
are  monhydrogen  salts,  and  those  with  three  monad  atoms   of  metal 
(or  their  equivalent),   which  we  have  hitherto  designated  the  more 
alkaline  salts,  are  normal  salts.     For  example, 

HO-N-(S03Na)2;  N-aO-I^CSOs^a)^ ;    Ba<2;^^J^^J^g^. 

The  less  alkaline  salts,  called  in  the  case  of  potassium,  hasic  sulph- 
azotate  by  Fremy,  and  sulphazotate  by  Claus  and  by  Raschig,  are 
double  salts  of  the  normal  with  the  acid  of  hydrogen  salts,  thus — 

HO-N(S03K)2,KO-N(S03K)2  and  HO-N(S03Na)2,2NaO-N(S03l^a)2, 

pentapotassium  hi-oximidosulpTionate  and  octasodium  ter-oximido- 
sulpJionate. 

Nothing  is  wanting  in  the  evidence  as  to  the  truth  of  the  views 
here  set  down.  Any  acid  serves  to  displace  the  third  atom  of  metal 
in  the  normal  salts  by  hydrogen ;  many  salts,  such  as  zinc  sulphate, 
do  the  same  (p.  535)  ;  potassium  or  sodium  hydroxide  directly  reacts 
with  the  hydrogen  salts  to  displace  some  or  all  of  the  hydrogen  by 
metal,  and  that  just  as  readily  as  it  does  in  the  case  of  phosphoric 
acid,  which,  as  is  well  known,  does  not  exchange  all  its  hydrogen  for 
metal  unless  the  alkali  is  used  in  considerable  excess. 

That  the  pentapotassium  and  octasodium  compounds  are  double 
salts  is  a  conclusion  in  accordance  with  all  that  is  known  of  them. 
They  are  formed  by  the  simple  union  of  the  hydrogen  salt  with  the 
normal  salt  in  solution,  even  when  the  quantities  of  these  salts 
deviate  to  a  not  inconsiderable  extent  from  the  proportions  in  which 
they  occur  in  the  compound  salts ;  and  they  have  an  action  on  litmus, 
phenolphthalein,  &c.,  the  same  as  that  of  the  normal  salts  alone.  In 
reaction  they  decompose  into  their  component  salts,  one  only  being 
active.  Fremy  observed  that  lead  and  barium  salts  added  to  a  solu- 
tion of  the  pentapotassium  salt  gave  precipitates  more  basic  than  it, 
and  left  in  solution  the  neutral  potassium  salt ;  but  as  he  did  not 
know  of  the  existence  of  the  normal  potassium  salt,  and  got  complex 
basic  precipitates,  he  could  not  represent  the  change  quite  as  we  do. 
Even  now  it  still  remains  open  to  say  with  him  that  when  the  basic 
salt  is  precipitated,  the  acid  of  the  precipitant  converts  another 
portion  of  the  alkaline  potassium  salt  into  the  neutral  one,  though  to 
do  so  is  to  pay  no  consideration  to  the  fact  that  normal  salts  are 
known,  and  that  the  barium  salt  is  one  of  them  and  the  lead  salt 
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finother,  though  in  the  latter  the  lead  is  half  as  hydroxide.  It 
seemed  of  interest  to  examine  the  precipitation  by  barium  chloride 
quantitatively  ;  on  adding  this  salt  in  moderate  excess  to  a  solution 
of  the  pentapotassium  salt,  the  proportion  of  ox imidosul phonic 
radicle  precipitated  was  found  to  be  eight-ninefceenths  of  the  whole, 
a  result  which,  after  allowing  for  the  solubility  of  barium  oximido- 
sulphonate,  may  be  accepted  as  proof  that  the  pentapotassium  salt 
had  acted  as  tripotassium  salt  united  with  indifferent  dipotassium 
salt.  One  thing  more  is  to  be  pointed  out  in  support  of  the  double 
salt  character  of  the  pentapotassium  oximidosulphonate.  Although 
this  salt  so  readily  and  frequently  ciystallises  from  solution  as  to 
have  become  the  best  known  of  the  three  potassium  salts,  matters 
are  quite  otherwise  with  the  sodium  salts  ;  the  pentasodium  salt  in 
fact  cannot  even  be  prepared ;  the  salt  intermediate  between  the 
normal  sodium  and  the  disodium  salts  is  troublesome  to  get,  the 
normal  salt  being  the  only  one  which  readily  crystallises  out  from  a 
suflSciently  alkaline  solution. 

There  is  a  strikingly  characteristic  test  w^hich  is  common  to  these 
salts,  from  which  it  may  be  assumed  that  they  have  a  common  con- 
stitution. A  solution  of  either  neutral  or  alkaline  oximidosulphonates, 
and  no  other  salts,  yields,  at  once  and  in  the  cold,  an  intensely  coloured 
salt  when  gently  oxidised  in  the  absence  of  acids,  the  reaction  being 
one  of  the  most  remarkable  in  the  domain  of  inorganic  chemistry 
(p.  5-i4).  This  reaction  was  described  by  Fremy,  and  his  accuracy 
iully  confirmed  by  Raschig. 

Failing  entirely  to  convert  Fremy 's  two  potassium  sulphazotates  into 
each  other,  or  believing  that  he  had  failed,  Claus  held  them  to  be  salts 
of  distinct  acids,  and  gave  them  the  distinctive  formulae  HN0(S03K)j 
and  NH(S03K)3-NO(OK)(S03K),  with  the  nitrogen  quinquevalent. 
He  believed  that  he  had  evidence  of  the  latter  salt  being  always 
formed  from  the  nitrilosalphonate  N(S03K)3,  which  for  him  was  tri- 
sulphammonate,  NH2(S03K)3.  As  Claus 's  observations  and  conclu- 
sions were  examined  at  length  by  Raschig  and  satisfactorily  refuted 
by  him,  they  need  not  be  discussed  by  us. 

Having  rejected  Claus's  views,  Raschig  gave  the  hydroxylamine 
constitution  to  the  neutral  salts,  but  proposed  a  distinct  constitution 
for  the  two  alkaline  salts  in  which,  like  Claus,  he  made  the  nitrogen 
quinquevalent, 

(S03K),NK<^>N-H(S03K)2  and  (S0,K:)2NK<^>NK(S03K)2. 

The  character  of  this  constitution  need  not  be  noticed  here,  we  shall 
probably  retarn  to  it  in  our^paper  on  the  sulphazilates. 

One  argument  given  by  Raschig  for  regarding  as  distinct  the 
acids  of  the  neutral  and  alkaline  salts  was  that  although  acids  at 
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once  convert  the  latter  salts  into  the  former,  alkalis  effect  the  oppo- 
site change  only  with  difficulty.  "Weak  alkali,  he  found,  must  be 
in  excess,  and  requires  weeks  in  order  to  effect  the  conversion, 
whilst  a  concentrated  solution  of  alkali,  in  order  to  act  quickly, 
must  be  boiling  hot  and  also  in  excess.  Our  experience,  recorded 
on  page  533,  lends  no  support  to  this  finding.  The  delay  he  observed 
in  the  appearance  of  crystals  of  the  salt,  a  fact  to  which  he  attached 
weight,  must  have  been  due  to  the  salt  remaining  in  supersaturated 
solution,  although  he  himself  dismissed  this  explanation  of  the 
matter  as  inapplicable,  averring  that  this  salt  does  not  show  the 
phenomenon  of  supersaturation,  although  he  did  not  test  the  matter 
by  adding  a  fragment  of  the  salt  to  start  the  crystallisation.  The 
salt  does  not  indeed  form  supersaturated  solutions  to  the  same  degree 
as  the  neutral  potassium  salt,  but,  nevertheless,  its  hot,  strong  aqueous 
solution  can  be  readily  cooled  and  then  kept  an  hour  or  more  without 
crystallising,  and  there  is  nothing  against  the  supposition  that  the 
phenomenon  of  supersaturation  may  occur  to  a  still  greater  extent  in 
presence  of  the  other  salts  in  the  mother  liquor.  In  preparing  it, 
the  mixture,  if  cold,  yields  the  salt  at  once  if  a  crystal  of  it  is  dropped 
in,  or  if  alcohol  is  added ;  in  the  latter  case  free  alkali  remains  in 
solution  if  it  is  in  excess  of  that  required  to  form  the  normal  salt, 
and  the  normal  salt  occurs  in  the  alcoholic  precipitate  if  the  alkali  is 
in  excess  of  that  necessary  to  form  the  pentapotassium  salt.  But 
apart  entirely  from  the  question  of  supersaturation,  there  is  another 
proof  that  cold  dilute  alkali  converts  the  neutral  salt  at  once  into 
the  alkaline  salt,  namely,  Fremy's  experiment,  repeated  by  us,  of 
acting  upon  the  solid  neutral  salt  with  potassium  hydroxide  in  aque- 
ous solution  (p.  538).  The  neutral  sodium  salt  also  passes  readily 
and  at  once  into  the  normal  salt  on  adding  sodium  hydroxide  to  it. 

Raschig  gave  as  a  chemical  property  which  distinguished  the  neutral 
from  the  alkaline  salts,  the  activity  of  alkali  sulphite  on  the  former 
and  its  want  of  activity  on  the  latter;  Raschig  adduced  Glaus  in 
evidence  of  this  statement,  but  we  have  not  succeeded  ourselves  in 
finding  anything  in  Claus's  writings  upon  this  subject.  Fremj^'s 
writings,  however,  are  sufficient  to  show  that  the  above  distinction, 
so  far  as  it  holds  good,  serves  only  to  mark  the  alkalinity  of  the 
alkaline  salt,  for  he  points  out  that  sulphurous  acid  first  converts  the 
basic  sulphazotate  into  the  neutral  sulphazotate,  and  then  aots  upon 
this  salt.  To  this  we  may  add  that  metasulphite  and  alkaline  oximido- 
sulphonate,  when  mixed,  change  into  normal  sulphite  and  neutral 
oximidosulphonate,  and  that  if  enough  metasulphite  is  added,  all 
the  oximidosulphonate  is  quickly  destroyed. 

There  yet  remains  for  considei-ation  one  other  ground  on  which 
Raschig  separates  the  alkaline  sulphazotates  from  the  neutral  salts. 
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According  to  him  there  is  a  salt  isomeric  with.  Fremy's  basic  sulph- 
azotate,  but,  unlike  the  latter,  it  cannot  be  recrystallised  from  water, 
its  alkaline  solution  depositing  neutral  oximidosulphonate  ;  it,  rather 
than  Fremy's  basic  sulphazotate,  must  therefore  be  held  to  be  half- 
basic  oximidosulphonate.  The  Fremy-Claus  process  for  preparing 
neutral  oximidosulphonate  had  yielded  him  the  new  salt,  but  only 
once,  and  many  repetitions  of  the  experiment  failed  to  reproduce  it. 
The  difficulties  in  the  way  of  accepting  the  existence  of  this  salt  are 
very  great.  As  just  stated,  it  could  not  be  got  again  by  the  method 
which  seemed  to  have  yielded  it ;  moreover,  it  cannot  be  obtained  by 
treating  the  neutral  salt  with  potassium  hydroxide,  and  it  is  hard  to 
see  why  this  should  be  so,  if  it  really  is  a  basic  derivative  of  that 
salt  decomposable  by  water.  Neutral  oximidosulphonate  recrystallised 
from  water  containing  potassium  hydroxide  is  strongly  alkaline,  so 
that  Clans  found  the  percentage  of  potassium  to  become  some  units 
higher  than  in  the  pure  salt,  and  such  a  preparation  behaves  with 
water  like  Raschig's  salt;  according  to  Fremy's  observations,  how- 
ever (which  we  can  confirm),  this  is  due  merely  to  the  production  of 
some  basic  sulphazotate,  and  the  two  salts  can  be  separated  by 
recrystallation  from  water.  On  the  other  hand,  the  process  which 
gave  Raschig  his  salt  may,  according  to  Claus,  give  not  only  the 
neutral  salt  but  also  some  basic  salt,  and  therefore  a  combined  pro- 
duct behaving  with  water  like  Raschig's  preparation.  But  if  we 
accept  the  results  of  the  analysis  of  the  salt,  it  could  not  have  been 
other  than  a  new  salt,  for  Fremy's  basic  sulphazotate  does  not  decom- 
pose with  water  into  the  neutral  salt.  We  are  strongly  of  opinion, 
and  venture  here  to  suggest,  that  some  mistake  such  as  may  happen 
to  any  one  at  times,  crept  into  Raschig's  work  or  the  record  of  his 
work.  He  made  but  one  analysis,  and  in  that  determined  only  the 
potassium  and  the  sulphur  ;  of  these  two,  the  sulphur  content 
happens  to  be  a  factor  of  no  account  in  the  present  case,  for  the 
percentage  of  sulphur  is  nearly  the  same  in  the  neutral  and  the 
basic  sulphazotate  (or  its  isomer),  namely,  20"93  and  21'57,  and 
Raschig's  preparation  could  not  from  the  circumstances  claim  any 
high  degree  of  purity.  There  is,  however,  a  wide  degree  of  differ- 
ence between  the  percentage  of  potassium  in  the  neutral  and  that  in 
the  basic  salt,  and  that  got  by  Raschig  agrees  well  with  that  for  the 
basic  sulphazotate  with  its  one  molecule  of  water  of  crystallisation. 
In  concluding  this  criticism,  we  may  add  that  Raschig  ends  by 
affixing  a  note  of  interrogation  to  the  formula  of  his  salt. 

Reconversion  of  Oximidosulphonates  into  Nitrite  and  Sulphite. 

Sodium  or  potassium  oximidosulphonate  digested  in  the  cold  for 
some  hours  with  highly  concentrated  solution  of  sodium  or  potassium 
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hydroxide,  or  boiled  with  it  for  a  few  minutes,  is  largely  converted 
into  nitrite  and  sulphite  ;  some  of  the  latter  salt  crystallises  out,  and 
the  solution  evolves  sulphur  dioxide  and  oxides  of  nitrogen  when 
acidified  ;  or,  if  neutralised  and  mixed  with  barium  chloride,  it  gives 
a  precipitate  of  barium  sulphite,  leaving  abundance  of  nitrite  in 
solution.     The  following  equation  expresses  this  change, 

KO-N(S03K)2  +  2K0H  =  H^O  +  KNO2  +  2K,.S03; 

but  the  reversion  is  attended  with  some  other  changes,  resulting  in 
the  escape  of  nitrous  oxide  and  perhaps  nitrogen,  a  consideration  of 
which  will  be  found  following  the  paragraph  on  hydrolysis  (p.  541). 

The  normal  salts  in  solution,  or  as  solids  not  quite  free  from 
moisture,  soon  suffer  some  reversion  in  the  cold,  and  very  much  more 
when  the  solutions  are  boiled,  even  when  no  alkali  is  added, 
KO-N'CSOaK)^  =  KNO2  +  K^S.Os. 

The  five-sixths  normal  potassium  salt,  when  well  prepared  and 
preserved  in  a  dry  atmosphere,  can  be  kept  for  months  without 
suffering  noticeable  change,  although  when  damp  it  is  unstable,  as 
noticed  by  Claus  and  by  Raschig.  Even  the  best  preparations  of  it, 
however,  ultimately  decompose,  and  we  have  found  that  this  is  due  to 
the  reversion  which  slowly  goes  on  in  it — 

K5H(NS207)2  =  HO-N(  8207)2  +  KNO2  +  K2S2O5. 

Such  a  mixture  of  salts  must  be  very  unstable,  liable  to  hydrolysis 
and  other  changes,  and  sufiiciently  so  to  account  for  that  entire  break 
up  of  the  salt  which  finally  happens.  Even  before  the  change  has 
proceeded  far  enough  to  affect  the  appearance  of  the  crystals,  the 
reversion  can  be  detected  by  the  presence  of  sulphite.  The  latter 
cannot  be  easily  detected  by  direct  acidification,  because  of  secondary 
reactions  which  use  up  the  sulphui-ous  acid;  if,  however,  the  salt 
thus  slightly  decomposed  is  dissolved  in  water,  barium  chloride 
added,  and  the  washed  precipitate  acidified,  the  sulphite  can  be 
readily  found. 

The  disodium  and  dipotassium  salts,  as  neutral  or  nearly  neutral 
salts,  should  be  liable  to  neither  reversion  nor  hydrolysis,  but  their 
equilibrium  is  so  unstable  that,  as  a  fact,  they  are  especially  prone  to 
rapid  change.  It  is  probable  that  they  do  not  really  suffer  reversion, 
but  in  practice,  in  consequence,  doubtless  of  the  traces  of  alkaline  salt 
purposely  left  in  them  as  a  guard  against  rapid  hydrolysis,  they  do, 
when  kept  dry,  develop  a  little  sulphite  before  they  hydrolyse.  The 
disodium  salt,  which  is  an  anhydrous  salt,  may,  however,  be  kept  for 
years  in  a  desiccator  without  suffering  sensible  reversion.  In  com- 
parison with  the  others,  the  five-sixths  normal  potassium  salt  and 
the  disodium  salt  are  the  salts  of  their  respective  metals  best  fitted 
to  keep  in  stock  for  any  considerable  time. 
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The  dry  lead  salt  reverts  when  heated.  This  salt  is  a  basic  or 
hydroxy-salt,  and  when  moderately  heated  is  decomposed,  thus — 

(HO-Pb)3NS20T  =  HO-PbNOi  +  2PbS03  +  H^O. 
The  residue,  if  further  heated,  evolves  red  fumes,  and  If  moistened 
with  sulphuric  or  hydrochloric  acid,  evolves  much  sulphur  dioxide. 

Other  Chemical  Properties  of  Oximidosulphonates. 

Hydrolysis. — The  hydrolytic  decomposition  of  oximidosulphonates 
has  been  repeatedly  referred  to  in  this  paper,  and  is,  besides,  a  fact 
long  known.  Its  almost  inevitable  occurrence  in  every  alkali  oximido- 
sulphonate  is  all  that  needs  further  notice ;  when,  by  circumstances 
or  intentionally,  the  salt  is  rendered  acid,  hydrolysis  always  quickly 
ensues  ;  moreover  an  alkaline  salt,  when  there  is  any  water  avail- 
able, always  becomes  acid  in  time  by  suffering  reversion,  and  its 
hydrolysis  is  in  this  way  brought  about. 

In  acidified  dilute  solutions  of  oximidosulphonates,  hydrolysis  pro- 
ceeds without  complication,  but  in  strong  solutions, and  when  the  change 
is  carried  through  to  hydroxyl amine  sulphate  by  heating,  some  gas  is 
pi'oduced,  consisting  of  nitrous  oxide  and  nitrogen.  In  hydrolysing 
for  analytical  purposes,  this  is  manifested  by  pressure  in  the  sealed 
tube,  and  by  a  deficiency  in  the  quantity  of  hydroxylamine  (cf. 
Raschig). 

When  moistened  dipotassium  oximidosulphonate  hydroJyses  spon- 
taneously, it  also  gives  out  at  the  same  time  much  nitrous  oxide  and 
a  little  nitrogen,  whilst  strong,  hot  solutions  of  it  or  of  the  disodium 
salt  efiervesce  a  little  when  acidified.  Dipotassium  salt  which  has 
been  kept  as  far  as  possible  in  a  desiccator,  also  effervesces  when 
dissolved  in  water,  even  in  presence  of  an  alkali.  In  these  changes, 
a  little  ammonia  is  also  generated. 

It  thus  appears  that  oximidosulphonates  decompose  in  several  ways 
combined ;  by  reversion,  by  hydrolysis,  and  by  secondary  reactions 
with  the  sulphurous  acid  generated  by  the  other  changes.  As  pro- 
ducts we  therefore  get  in  the  first  line,  nitrite,  sulphite,  oxyamido- 
sulphonate,  and  sulphate,  from  the  sulphite  and  oxyamidosulphonate 
we  may  get  imidosulphonate  hydrolysing  to  amidosulphonate,  and 
from  sulphite  and  oximidosulphonate,  nitrilosulphonate.  By  the 
hydrolysis  of  the  oxyamidosulphonate,  hydroxylamine  will  be  pro- 
duced, and  by  its  reversion,  hyponitrite.  From  the  hydroxylamine  or 
from  the  amidosulphonate  (slowly),  ammonia  may  be  formed,  and 
from  the  former  in  alkaline  solution  also  nitrous  oxide  and  nitrogen. 
Nitrous  oxide  may  also  come  from  hyponitrite,  or  from  hydroxylamine 
and  nitrous  acid,  and  nitrogen  from  ammonia  and  nitrous  acid.  But 
with  all  these  possibilities  before  us,  there  are  points  which  remain 
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obscure,  particularly  the  evolution  of  nitrous  oxide  and  nitrogen  in 
the  acid  decomposition  of  oximidosulphonates. 

Behaviour  when  Heated. — The  dipotassium  salt  is  hydrolysed  by 
its  water  of  crystallisation  quite  suddenly  when  heated  to  90°  in  a 
limited  space,  but  by  very  gradual  heating  in  a  roomy  air  bath  it  can 
be  rendered  anhydrous  and  the  temperature  raised  to  100°  and  a  little 
above  without  change  (Claus).  The  disodium  salt,  which  is 
anhydrous,  can  be  safely  heated  to  the  same  extent.  In  a  current  of 
dried  air,  both  salts  can  be  heated  much  above  100°  without  being 
changed.  The  alkaline  salts,  though  they  contain  water,  may  also  be 
heated  to  100°,  or  a  little  above,  without  undergoing  change. 

At  about  105°,  for  the  two-thirds  normal  oximidosulphonates,  and 
at  110°  for  the  alkaline  salts,  they  slowly  take  moisture  from  the  air, 
increase  consequently  in  weight,  and  become  hydrolysed  and  acid. 
In  this  behaviour,  they  are  like  imidosulphonates  (Trans.,  1892,  61, 
954).  Claus  observed  that  the  dipotassium  salt  gained  thus  in 
weight,  but  set  this  down  to  absorption  of  oxygen  ;  any  oxidation, 
however,  would  be  attended  with  a  loss  of  nitrogen  or  oxides  of 
nitrogen  greater  than  the  weight  of  the  oxygen  absorbed.  Besides, 
we  find  that,  if  heated  for  hours  at  120°  in  a  current  of  well-dried  air, 
oximidosulphonates,  even  the  two-thirds  normal  potassium  salt,  gain 
nothing  in  weight. 

The  effect  of  higher  temperatures  was  investigated  by  Claus,  who 
found  that  the  anhydrous  dipotassium  salt  gives  off  some  acid-reacting 
vapour  which  is  not  sulphur  dioxide,  that  on  further  heating,  a  little 
ammonium  sulphate  sublimes  (?),  and  that  the  residue  then  consists 
apparently  of  potassium  pyrosulphate.  His  experience  on  heating  the 
five-sixths  normal  potassium  salt  was  that,  above  200°,  the  crystals 
swell  up  and  spring  asunder,  give,  first,  nitric  oxide,  then  ammonium 
sulphate,  and  leave  a  residue  which  does  not  fuse  and  is  normal 
potassium  sulphate.  Fremy,  Claus,  and  Raschig  all  state  that  this 
salt  decomposes  suddenly  at  about  200°,  Raschig  gives  150°  with 
evolution, of  red  vapours. 

We  have  experimented  more  particularly  with  the  sodium  oximido- 
sulphonates, for  the  disodium  salt  being  anhydrous  is  better  fitted 
than  the  dipotassium  salt  for  testing  the  effects  of  dry  heat  upon 
oximidosulphonates.  With  the  object  of  collecting  the  gases  evolved, 
the  heating  was  conducted  in  a  vacuum  as  well  as  in  open  vessels. 

The  dried  normal  sodium  salt  remains  unchanged  until  the  tem- 
perature has  risen  to  182 — 183°,  when  it  suddenly  decomposes  into 
a  loose,  unfused  residue,  vapours  depositing  a  very  small  sublimate, 
and  gases.  The  residue  is  neutral  or  slightly  alkaline,  and  consists 
of  sodium  sulphate  with  a  very  little  thiosulphate.  The  very  small 
sublimate  consists  of   sulphur  and   ammoniacal   salt,  which,  when 
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acidified,  yields  a  solution  milky  from  sulphur  and  smelling  faintly 
of  sulphur  dioxide.  The  gases  are  sulphur  dioxide  and  nitrogen  in 
nearly  equal  volumes.  Neglecting  the  very  small  quantities  of 
sulphur,  thiosulphates,  and  ammonia,  all  due  to  water  retained  by 
tlie  salt,  the  decomposition  may  be  written 

2Na3NS207  =  SNa^SOi  +  SO2  +  N2. 

The  anhydrous  disodium  salt  begins  to  give  off  gas  in  a  vacuum 
at  about  140",  but  exceedingly  slowly,  and  continues  to  do  so  nearly 
as  slowly  while  the  temperature  is  rising  to  about  170°,  or  while  it  is 
maintained  steadily  at  any  intermediate  point.  When  the  tempera- 
ture is  allowed  to  rise  continuously,  though,  slowly,  the  full  decom- 
position of  the  salt  occurs  suddenly  at  171°,  whilst  if  kept  steady  for 
an  hour  or  more  at  about  165°  and  then  slightly  raised,  full  decom- 
position occurs  suddenly  at  167 — 168°;  at  the  moment  of  active 
decomposition,  the  salt  fuses  and  effervesces,  and,  like  the  trisodium 
salt,  yields  a  small  sublimate  as  well  as  gases.  The  residue  is  ex- 
ceedingly acid  and  consists  of  sodium  hydrogen  sulphate,  with  a  not 
inconsiderable  quantity  of  ammonium  hydrogen  sulphate,  or,  more 
probably,  the  corresponding  pyrosulphates.  The  sublimate  is  a  com- 
pound of  ammonia  and  sulphur  dioxide,  and  the  gases  consist  of 
nitrogen  and  sulphur  dioxide,  the  former  in  somewhat  greater  volume 
than  the  latter.  We  were  unable  to  detect  the  presence  of  nitrous 
oxide,  but  in  one  experiment  the  sulphur  dioxide  constituted  more 
than  half  the  total  gas,  a  result  only  to  be  explained  as  due  to  some 
undetected  error  or  to  the  presence  of  a  little  nitrous  oxide  along  with 
the  nitrogen.  The  nitrogen  obtained  was  about  fourth-fifths  of  the 
total  nitrogen  of  the  salt,  the  i-est  remaining  in  the  residue  as 
ammonia.  So  far  as  was  ascertained,  and  observation  is  difiicult, 
because  of  the  explosive  character  of  the  salt,  the  first  portions  of 
gas  are  richer  in  sulphur  dioxide  than  the  last ;  if  this  be  really  so, 
it  points  to  the  not  improbable  intermediate  formation  of  some 
imidosulphonate. 

From  the  facts  observed,  the  decomposition  of  the  disodium  salt 
seems  to  vary  between  that  expressed  by 

2NaoHNS.A  =  2NaHS04  +  Na^SOi  +  SO2  +  N^ 

and  that  expressed  by 

SNa^HNSaOT  =  SNa^SO,  +  SNa^SaO:  +  (NH4)2S207  +  3^2  +  SO2. 

It  will  be  seen  that  our  observations  as  to  the  nature  of  the  pro- 
ducts of  the  decomposition  of  oximidosulphonates  by  heat  are  not  in 
agreement  with  those  made  by  Glaus.  Fi-emy,  Glaus,  and  Raschig  all 
state  that  the  five-sixths  normal  potassium  salt  gives  red  fumes  when 
heated,  but  this  also  we  are  unable  to  confirm  ;  whether  in  a  crucible 


544  DIVERS  AND  HAGA  : 

or  in  a  tube,  heated  slowly  or  quickly,  it  has  never  given  us  such 
fumes.  Only  where  reversion  to  nitrite  and  sulphite  has  taken  place^ 
as  with  lead  oximidosulphonate  as  already  noticed,  does  heat  generate 
red  fumes. 

Oxidisability. — Characteristic  of  the  oximidosnlphonates  are,  firstly, 
that  they  do  not  reduce  copper  salts  in  presence  of  alkali,  unless 
they  have  been  previously  hydrolysed  with  acid ;  secondly,  that,  on 
gentle  oxidation,  they  yield  Fremy's  sulphazilates,  unstable  salts, 
blue-violet  in  solution,  yellow  and  crystalline  in  the  solid  state. 
Traces  of  almost  any  oxidising  agent  capable  of  acting  in  alkaline 
solution  effect  this  change  in  the  alkaline  salts,  but  oxidising  agents 
of  a  basic  character  act  also  on  the  neutral  salts.  Silver  oxide  and 
lead  peroxide  are  the  best  reagents  for  detecting  any  oximidosnlph- 
onates;  these  oxides  were  used  by  Fremy.  In  hoc  acid  solution, 
oxidising  agents  such  as  nitric  acid,  bromine,  and  potassium  chlorate 
convert  oximidosnlphonates  into  sulphates  and  oxides  of  nitrogen, 
but  the  decomposition  is  seldom  so  complete  as  to  be  available  for 
determining  the  sulphur  quantitatively. 

Action  of  Strong  Sulphuric  acid. — That  strong  sulphuric  acid  dis- 
engages nitric  oxide,  as  stated  by  both  Fremy  and  Claus,  we  cannot 
admit;  when  heated  with  this  acid,  the  sodium  or  potassium  salt  dis- 
solves, but  evolves  no  gas  until  sulphuric  acid  vapours  are  freely 
escaping,  and  then  nitrous  oxide  and  sulphur  dioxide  are  slowly 
generated.  Indeed,  sulphuric  acid  should  be  added  before  igniting 
oximidosnlphonates  for  analytical  purposes,  in  order  to  avoid  loss 
through  explosive  decomposition. 

Behaviour  with  other  Salts  in  Solution. — Disodium,  dipotassium,  or 
diaramonium  oximidosulphonate  does  not  precipitate  other  salts,  and 
appears  often  not  even  to  react  with  them,  since  on  evaporation  a 
mixture  of  the  salts  crystallises  out  unchanged  ;  this  interesting  fact 
was  observed  by  Fremy  in  the  case  of  the  dipotassium  salt  when 
mixed  with  those  of  zinc,  manganese,  copper,  and  silver.  Claus 
denied  its  truth,  but  we  have  fully  verified  it  in  the  case  of  the  di- 
sodium salt  and  copper  sulphate.  These  salts  in  about  equivalent 
quantities  were  dissolved  in  water  and  a  minute  quantity  of  sodium 
hydroxide  added  so  as  to  render  the  solution  slightly  turbid  with 
copper  hydroxide  in  order  to  guard  against  hydrolysis  ;  by  sponta- 
neous evaporation,  copper  sulphate  crystallised  out  first,  and  then  the 
sodium  oximidosulphonate,  that  is,  in  the  order  of  their  solubilities. 
This  behaviour  of  the  alkali  oximidosnlphonates  serves  to  show  that, 
as  sulphonates,  they  have  the  stability  of  sulphates  themselves. 

A  normal  alkali  oximidosulphonate  reacts  generally  as  alkali 
hydroxide  towards  salts  the  hydroxides  of  whose  bases  are  insoluble ; 
disodium,  potassium,  or  ammonium  oximidosulphonate  remaining  in 
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solution.  Silver  oxide  thus  formed  acts  slowly  as  an  oxidising  agent. 
Triammonium  oximidosulphonate  added  in  excess  to  copper  sulphate 
gives  a  chromium-green  solution,  which  is  turned  blue  by  ammonia, 
and  which,  with  excess  of  copper  sulphate,  behaves  as  usual,  yielding 
a  precipitate  of  copper  hydroxide  and  leaving  diammonium  oximido- 
sulphonate  in  solution. 

The  two-thirds  normal  and  the  normal  salts  of  the  alkalis,  how- 
ever, enter  into  some  reactions  of  complete  double  decomposition. 

Thns,  a  two-thirds  normal  or  a  normal  oximidosulphonate  gives  a 
precipitate  with  hydroxy-lead  acetate  in  excess,  or  with  barium  hydr- 
oxide ;  a  normal  salt  yields  a  precipitate  also  with  suflEicient  normal 
lead  acetate  or  with  barium  chloride,  but  to  secure  precipitation  of 
a  lead  salt  the  solutions  must  be  dilute ;  the  barium  precipitates,  too, 
are  very  slightly  soluble  in  solutions  of  alkali  oximidosulphonates. 
Calcium  compounds  yield  no  precipitate,  but  its  hydroxide  forms 
salts  by  decomposing  the  ammonium  oximidosulphonates.  Strontium 
compounds  and  potassium  oximidosulphonates  give  solutions  which 
remain  clear  for  a  moment,  and  then  become  filled  suddenly  with  a 
voluminous,  silky  precipitate.  Fremy  could  get  no  precipitate  with 
strontium  salts,  nor  Claus  either,  strange  to  say.  With  sodium  or 
ammonium  oximidosulphonates,  strontium  salts  do  not  yield  pre- 
cipitates, but  in  a  few  hours  the  solution  deposits  silky  crystals  in 
large  hemispherical  groups  on  the  sides  of  the  vessel. 

The  precipitates  of  barium,  strontium,  and  lead  salts  are  soluble  in 
acids  and  in  ammonium  salts,  including  ammonium  oximidosulphon- 
ates. The  lead  precipitates  are  also  soluble  in  sodium  or  potassium 
hydroxide. 

Barium  sulphate  is  distinctly  soluble  to  a  small  extent  in  solutions 
of  the  normal  oximidosulphonates.  Thus,  barium  chloride  may  be 
added  in  very  small  quantity  to  a  solution,  not  too  dilute,  of  a  normal 
alkali  oximidosulphonate  containing  sulphate,  without  occasioning 
any  permanent  precipitate,  even  on  standing.  But  when  the  alka- 
linity of  the  solution  is  about  neutralised  with  hydrochloric  acid, 
the  solution  becomes  turbid  from  the  separation  of  barium  sul- 
phate. 

Barium  or  lead  oximidosulphonate  can  be  decomposed  by  sulphates, 
and  very  completely  by  carbonates,  and  thus  be  used  to  furnish  other 
oximidosulphonates.  The  ammonium  salts  which  can  be  formed  in 
this  way  serve  in  turn  for  the  preparation  of  salts  of  metals  which 
do  not  unite  with  ammonia,  by  evaporating  their  solution  with  the 
oxide  or  hydroxide  of  the  metal.  However,  the  oximidosulphonates 
obtained  in  this  way  are  the  more  unstable  of  these  salts,  and  we  have 
not  pursued  their  examination. 

Oximidosulphonates  combine  readily  with   each   other   and  with 
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other  salts,  a  fact  which  will  be  made  fully  evident  in  the  brief  des- 
criptions which  follow  of  the  salts  we  have  prepared. 

Sodium  Oximidosulphonates. 
Normal  Sodium  Salt,  NaaNSzOv.SHjO. — This  salt  forms  rhombic 
prisms,  often  a  centimetre  in  length.  It  is  strongly  alkaline,  soluble 
in  1-3  parts  of  water  at  20°,  and  tends  to  form  supersaturated  solu- 
tions. It  is  only  partly  precipitated  by  alcohol,  but  without  decom- 
position, and  is  less  soluble  in  sodium  hydroxide  solution  than  in 
water. 

Its  analysis  gave — 

Calculated.  Found. 

Sodium 22-05  21-94 

^                    Sulphur 20-45  20-38 

Oximide  residue   9-58  9'32 

Water 17-28  17-86 

This  and  other  oximidosulphonates  were  decomposed  for  the  esti- 
mation of  hydroxylamine  and  sulphuric  acid  by  hydrolysing  in  sealed 
tubes  with  dilute  hydi-ochloric  acid,  which,  after  being  kept  for  some 
time  at  100°,  were  then  heated  to  130°.  Some  of  the  attempts  to 
estimate  hydroxylamine  were,  however,  defective  for  the  reason 
already  given  (p.  541).  The  sodium  was  directly  estimated  by 
cautious  ignition  with  sulphuric  acid,  the  presence  of  which  prevents 
explosive  decomposition  of  the  salt  by  heat. 

Disodium  Salt,  N'a2HNS207. — This  salt  is  anhydrous,  and  is  soluble 
in  somewhat  more  than  its  own  weight  of  water  at  14°.  It  just 
reddens  litmus.  Its  crystals  are  usually  small,  dense,  brilliant 
prisms,  united  into  hard  masses,  and  firmly  adhering  to  the  glass. 
On  analysis,  it  has  given — 

Found. 
Calculated.  ,, * ^ 

Sodium 19-41  19-21         19-53 

Sulphur 27-00  27-06        26-98 

Eight-ninths  Normal  Sodium  Salt,  'NgL2lINS20^,2NsL3NS20^,SB.20. — 
The  solutions  intermediate  in  composition  between  those  of  the  tri- 
sodium  and  disodium  salts  which  yield  this  salt  on  evaporation,  may 
be  prepared  by  adding  either  sodium  hydroxide  or  trisodium  salt  to  a 
solution  of  disodium  salt  in  approximately  the  calculated  quantity. 
Twice,  when  the  solutions  were  left  in  the  desiccator  to  evaporate,  and 
were  of  the  composition  of  the  unknown  five-sixths  normal  salt,  good- 
sized  prisms  and  plates  of  some  salt  filled  the  solution,  which,  when 
the  attempt  to  remove  them  was  made,  rapidly  melted  away,  very 
remarkably,  to  give  place  to  a  precipitate  of  the  eight-ninths  sodium 
salt.     Possibly  they  were  crystals  of  the  five-sixths  salt.     The  eight- 
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mnths  salt,  redissolved  in  water  or  in  its  diluted  mother  liquor,  gives 
on  evaporation  small  nodules  of  the  salt.  Only  under  the  microscope 
can  this  precipitate  and  these  nodules  be  made  out  to  be  composed  of 
prismatic  crystals.  The  crystals  are  efBorescent.  Like  the  other 
sodium  salts,  it  is  exceedingly  soluble  in  water,  requiring  less  than 
1'5  parts  at  14"  to  dissolve  it,  and  can  be  repeatedly  crystallised  un- 
changed. It  has  a  strong  tendency  to  form  supersaturated  solutions. 
We  have  made  the  following  analyses  of  specimens  of  the  salt  pre- 
pared under  different  conditions  : — 

Found. 

Calculated.  a.               h.              c.              d. 

Sodium 2277  22-51  22-64  22-63  2-2-77 

Sulphur 23-73  23-76  24-04  23-73  23-49 

Oximide  residue    11-13  11-14         —  11-13  — 

Water 6-68  3-59        3-53        —  — 

Sodium  giving  alkalinity       5-69  ■ —           5-45         —  5-83 

The  alkalinity  of  the  preparations  was  determined  with  decinormal 
acid  and  methyl-orange.  The  water  was  estimated  by  drying  at  110°, 
and  it  will  be  seen  that  half  of  it  was  retained  at  this  temperature. 
Similar  retention  of  water  will  be  seen  in  the  case  of  the  five-sixths 
potassium  salt,  of  one  of  the  sodium  and  potassium  salts,  and  in  that 
of  the  barium  salts,  and  is  not  due  to  the  fixation  of  the  water  by 
hydrolysis.  It  is  remarkable  that  there  should  be  such  a  difference 
in  this  respect  between  this  and  the  normal  salt. 

Preparation  a  was  deposited  by  evaporating  in  the  cold  a  solution 
in  the  proportion  of  2  mols.  of  the  disodium  salt  to  one  of  sodium 
hydroxide  ;  preparation  6  was  the  same  salt  recrystallised  from  water, 
and  separated  as  a  precipitate  on  stirring  the  supersaturated  solu- 
tion ;  c  was  obtained  by  evaporating  the  mother-liquor  of  &,  and  d 
was  prepared  by  evaporating  a  solution  of  the  calculated  quantities 
of  the  disodium  and  tHsodium  oximidosulphonates. 

Potassium  Oximidosulphoiiates. 

Normal  Potassium  Salt,  K3NS2O7,  H2O ;  also,  KsNSzOt,  2H2O.— We 
have  several  times  prepared  and  analysed  this  salt  with  results  very 
nearly  agreeing  with  those  obtained  by  Raschig,  but  while  he  has 
given  to  the  salt  only  1  mol.  of  water  to  KsNaSiOu,  we  find  that  there 
is  1  mol.  to  K3NS2O7.  ^Neither  he  nor  we  happen  to  have  succeeded 
in  getting  the  salt  quite  free  from  excess  of  alkali ;  we  say  "  happen  " 
because  we  feel  sure  that  it  could  be  prepared.  We  have  tabulated 
his  and  our  analyses  which  show  least  excess  of  alkali,  and  give 
calculations  for  his  formula  and  for  ours. 
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Eascliig.  Divers  and  Haga. 


A.  Calculated.  Found.  Calculated.  Found. 

Potassium 37-09  36-67  36-06  36-29 

Sulphur .. ..      20-25  19-33  19-67  19-42 

Water 2-85  —  5-53  5-61 

Prom  this  we  see  that  his  analysis  is  less  incompatible  "with,  our 
formula  than  with  his,  the  sulphur  being  much  too  low,  although 
agreeing  with  his  other  determinations  of  sulphur  and  with  all  ours. 
We  estimated  the  water  in  our  preparation,  and  it  will  be  seen  that 
potassium,  sulphur,  and  water,  all  agree  well  with  our  formula.  Our 
analysis  was  made  on  a  precipitate  got  by  adding  alcohol  to  a  solu- 
tion of  dipotassium  salt  and  potassium  hydroxide  in  about-the  calcu- 
lated proportions. 

We  now  tabulate  the  other  analyses  by  Raschig  and  those  we  have 
made,  along  with  a  calculation  for  KsNSaO;,  |^KOH,  fHsO,  which 
matches  Raschig's  preparation. 

Rascliig.  Divers  and  Haga. 

( ' ■ ^  < ' N 

B.  Calculated.      Found.  a.  h. 

Potassium 37-53         37-65  37-48         37-37 

Sulphur 19-66         19-56  19-23         19-54 

Water 4-15  —  3-86  — 

Our  a  preparation  was  got  by  using  excess  of  concentrated  alkali,  and 
after  draining  on  a  tile,  was  washed  with  alcohol ;  h  was  got  by  re- 
crystallising  from  water  an  unwashed  salt  prepared  like  a.  This 
was  the  only  time  we  succeeded  in  recrystallising  this  salt  from  water 
without  adding  fresh  alkali.  It  will  be  seen  that  both  Raschig's 
results  and  ours  agree  much  better  in  composition  with  the  formula 
of  an  impure  salt  than  with  that  for  a  salt  with  ^  a  mol.  of  water 
to  1  mol.  of  oximidosulphonate,  and  from  such  results  no  deduction 
can  be  safely  made  as  to  the  degree  of  hydration  of  the  pure  salt. 

We  once  obtained  the  normal  potassium  salt,  crystallised  with 
2H2O,  from  the  salt  precipitated  by  adding  excess  of  potassium 
hydroxide,  by  draining  it  on  a  tile,  redissolving  in  water,  and  pre- 
cipitating by  alcohol ;  in  other  trials  made  in  this  way  we  got  the 
salt  with  only  IH2O  as  above.  Our  analysis  included  the  estimation 
of  the  oximide  radicle  as  hydroxylamine. 

Calculated.  Found. 

Potassium 34-17  34-10 

Sulphur 18-64  18-81 

Oximide  residue 8-74  8-44 

Dipotassium  Salt,  K.^KNSiO^,  2H2O. — Besides  the  two  excellent 
methods  of  preparing  this  salt  from  potassium  nitrite  it  can  also  be 
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Obtained,  sometimes  conveniently,  from  the  disodiura  salt  by  pre- 
cipitating it  with  potassium  chloride,  and  is  then  more  certainly  free 
from  nitrilosulphonate ;  the  yield  in  this  way  can  be  made  as  much  as 
80  per  cent.,  reckoned  on  the  disodinm  salt  taken.  Freray's  method  of 
preparing  it  pure  from  the  alkaline  five-sixths  potassium  salt  by  pre- 
cipitating the  latter  with  zinc  or  lead  or  barium  salt,  thus  leaving 
the  dipotassium  salt  in  solution,  and  which  did  him  good  service,  is 
now  only  of  interest  as  establishing  that  the  two  potassium  salts  are 
salts  of  one  and  the  same  acid. 

The  dipotassium  salt  forms  detached  hard  crystals  remarkable 
in  shape,  being  like  somewhat  flattened,  very  acute  octahedrons ; 
the  crystals  belong  to  the  oblique  rhombic  system  (Raschig  and 
Fock).  The  analyses  of  Claus  and  Raschig  established  the  composi- 
tion of  this  salt,  and  although  Fremy's  recorded  results  are  im- 
probable and  insufficiently  concordant,  the  identity  of  his  sulphazotate 
with  dipotassium  oximidosulphonate  is  beyond  doubt. 

According  to  Claua,  the  dipotassium  salt  is  practically  insoluble  in 
cold  water,  whilst  Raschig  states  that  it  is  very  sparingly  soluble  ; 
we  find,  however,  that  although  the  crystals  can  be  washed  without 
much  loss,  the  salt  in  fine  powder  is  far  from  insoluble,  dissolving  to 
the  extent  of  about  one  part  in  30  of  water.  When  quite  free 
from  alkaline  salt,  it  is  faintly  acid  to  litmus.  It  readily  forms 
supersaturated  solutions,  as  observed  by  Raschig,  and  in  the  pre- 
paration of  the  salt  the  mother-liquors  retain  far  more  of  it  than 
could  water  alone.  We  find  that  about  4  c.c.  of  a  saturated  solution 
of  sodium  chloride  are  able  to  dissolve  1  gram  of  the  dipotassium 
salt,  but  the  solution  quickly  deposits  a  compound  of  the  two  salts. 
Other  salts  also  increase  its  solubility.  Potassium  or  sodium 
hydroxide,  or  normal  oximidosulphonate  acts  upon  it  and  thus  affects 
its  solubility. 

Five-sixths  normal  Fotassium  Salt. — K2HNS2O7,  K3NS2O7,  H2O. — 
There  is  really  only  one  way  of  preparing  this  salt,  namely,  by  dis- 
solving the  dipotassium  salt  in  a  hot  solution  of  enough  potassium 
hydroxide  (or  salts  equivalent  to  it)  and  crystallising ;  the  dipotas- 
sium salt  should  not  be  put  into  cold  water  or  even  into  potassium 
hydroxide,  and  then  heated  to  dissolve  it,  unless  the  mixture  is  con- 
tinuously stirred,  as  undissolved  salt  lying  on  the  hot  bottom  of  the 
vessel  is  liable  to  hydrolyse ;  if  this  precaution  is  observed,  the  pre- 
paration of  the  salt  presents  no  difficulties.  The  belief  that  the  salt 
can  be  formed  from  the  nitrite  direct  is  unfounded,  as  the  dipotas- 
sium salt  is  first  produced  and  then  yields  it  by  the  action  of  the 
alkaline.  The  five-sixths  potassium  salts  forms  rhombic  plates, 
crystallising  in  masses  on  the  walls  of  the  vessel ;  it  is  only  sparingly 
soluble  in  Avater.     It  was  analysed  by  Fremy  and  by  Claus  with  re- 
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suits  identical  as  to  the  sulphur  and  not  greatly  differing  from  each 
other  as  to  the  potassium ;  Raschig  got  results  for  potassium 
exactly  intermediate  between  theirs,  but  for  sulphur  1  per  cent,  less, 
and  he  rightly  gave  the  composition  of  the  salt  as  containing  a 
molecule  of  water,  although  Claus  had  emphatically  stated  it  to  be 
anhydrous,  since  he  foand  it  could  be  heated  to  120°  without  any 
change  or  loss  of  weight.  Raschig,  moreover,  so  far  from  establish- 
ing the  presence  of  this  molecule  as  crystallisation-water,  wrote  of  the 
salt  that  it  "remains  wholly  unchanged  at  120°,"  a  statement  almost 
the  same  as  that  which  Claus  had  made  in  proof  that  it  contained 
no  water.  The  facts,  we  find,  are  that  it  does  lose  in  weight  when 
heated,  in  fine  powder,  to  120°,  and,  therefore,  contains  water,  but, 
as  is  usual  in  our  experience  with  sulphazotised  salts,  it  gives  up  this 
water  very  slowly ;  we  further  find  that  at  120°  it  slowly  increases 
in  weight  again  by  re-absorbing  water  from  the  atmosphere,  and  in  so 
doing  becomes  hydrolysed  and  acid.  When  the  hydrated  salt  is 
rapidly  raised  to,  and  maintained  at  120°,  such  hydrolysis  also  occurs 
and  thus  fixes  the  water,  causing  the  salt  to  suffer  scarcely  any  change 
in  weight. 

The  results  of  our  determinations  of  sulphur  and  potassium  agree 
with  those  of  Raschig,  but  with  the  potassium  a  little  lower  than  the 
calculated  number.  As  our  methods  of  preparing  the  salt  were 
somewhat  exceptional,  we  submit  the  results  of  our  analyses  along 
with  those  got  by  the  other  investigators,  also  interesting  from  the 
peculiarities  of  their  agreements  and  variations. 

Divers  and  Haga. 

Claus.    Raschig.        ,- * ., 

Mean.      Mean.  a.  b.  c. 

33-6      32-8      32-38       32-41     32-04- 

22-4      21-4      21-43       2123    21-19 

4-9       —  _         .  _         _ 

_        _  9-05        —       10-23 

—        —  3-00       3-29       — 

Sample  a  was  prepared  by  adding  to  a  cold  supersaturated  solution 
of  dipotassium  oximidosulphonate  the  calculated  quantity  of  potassium 
hydroxide  in  solution,  and  leaving  it  to  crystallise.  Sample  h  was 
prepared  by  dissolving  the  tripotassium  salt  in  warm  water  and  crys- 
tallising. Sample  c  was  obtained  by  adding  potassium  chloride  to 
dipotassium  oximidosulphonate  solution  and  then  excess  of  ammonia. 

Dipotassium  Oximidosulphonate  and  Potassium  Nitrate. 
Dipotassium  oximidosulphonate  unites  with  potassium  nitrate,  but 
not  with  sodium  nitrate  or  with  sulphates;    again,  it  unites  with 
sodium  chloride,  but  not  with  potassium  chloride. 


Calculated. 

Fremr. 

Potassium  . . 

32-89 

32-d 

Sulphur  . .  . . 

21-53 

22-2 

Nitrogen. . . . 

4-71 

4-4 

Oximide    re- 

sidue . . . . 

10-27 

— 

Water 

2-97 

— 
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The  potassium  nitrate  compound  is  obtained  when  a  cold  saturated 
solution  of  potassium  nitrate  is  mixed  with  a  warm  concentrated 
solution  of  dipotassium  oximidosulphonate.  The  compound  begins, 
almost  at  once,  to  crystallise  out  in  long,  silky  needles,  which,  by 
their  abundance  and  by  interlacing,  often  make  the  mixed  solutions 
set.  Drained  on  a  tile,  the  compound  proved  to  be  the  simplest 
double  salt  of  the  two  radicles,  K.,HNS207,KN03,H30.  The  two  pre- 
parations were  analysed. 

Calculated.  a.  b. 

Potassium 30-lo  30-86  — 

Sulphur 41-24  41-52  41-83 

Nitrogen 7-22  6-83  — 

When  heated,  it  explodes,  giving  off  much  red  fumes.  Water 
decomposes  it  into  its  component  salts.  Its  reaction  to  litmus  is 
neutral. 

Dipotassium  Oximidosulphonate  and  Sodium  Chloride. 

The  compound  of  the  dipotassium  salt  with  sodium  chloride  is 
obtained  by  dissolving  the  finely  powdered  potassium  salt  in  a  cold 
saturated  solution  of  sodium  chloride  ;  operating  sufficiently  quickly, 
35 — 40  c.c.  of  the  salt  solution  may  be  made  to  dissolve  9  grams  of 
the  potassium  salt  before  the  compound  begins  to  crystallise  out. 
The  compound  salt  forms  small,  striated,  good  crystals,  belonging  to 
the  orthorhombic  system,  and  is  neutral  to  litmus.  Two  preparations 
were  analysed,  and  gave  results  agreeing  with  the  formula 

5KoHNS,07,8NaCl,3H20, 

but,  as  water  decomposes  the  compound  into  indefinite  potassium 
sodium  oxiraidosulphonates  and  chlorides  of  both  metals,  this  formula 
can  only  claim  to  be  the  simplest  expression  of  the  composition  (see 
further,  p.  557). 

Calculated.  a,  b. 

Potassium 20-89  20-83  — 

Sodium 9-86  9-73  — 

Sulphur 17-14  17-32  — 

Chlorine 15-21  14-96  14-90 

Mixed  sulphates  . .      76-87  76-50  76-60 

Potassium  Sodium  Oximidosulphonates. 

It  is,  perhaps,  not  impossible,  but  it  is  certainly  difficult  io  obtain 
potassium  sodium  oximidosulphonates  of  very  simple  composition  ; 
nor  is  it  generally  easy  to  get  a  salt  of  the  same  composition  again 
and  again.  The  salts  now  to  be  described  must  be  regarded  as 
examples  only  of  an  apparently  indefinite  number,  which  it  is  possible 
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to  prepare."Most  of  tlieni  occur  in  very  small  crystals,  sometimes 
microscopic,  generally  aggregated  in  hard  crusts  and  nodules.  They 
were  all,  however,  obtained  in  transparent,  though  minute,  prismatic 
crystals,  and,  under  the  microscope,  appeared  to  be  homogeneous. 

Normal  Sodium  Potassium  Salt. — Our  attempts  to  produce  normal 
mixed  salts  by  adding  the  hydroxide  of  one  metal  to  a  hydrogen 
oximidosulphonate  of  the  other  metal  have  been  unsuccessful.  With 
any  great  excess  of  alkali,  evaporation  leads  to  the  destruction  of  the 
oximidosulphonate  and  crystallisation  of  potassium  sulphite,  whilst 
with  a  moderate  excess  of  alkali  and  evaporation  in  a  vacuum,  un- 
crystallisable,  or  nearly  uncrystallisable,  solutions  are  obtained ;  such 
mixtures  also  fail,  for  the  most  part,  to  give  a  solid  precipitate  with 
alcohol,  or,  at  most,  liquid  droplets  form,  which  then  sometimes 
slowly  solidify  to  granules  of  microscopic  crystals.  Besides  this, 
sodium  oximidosulphonate  in  presence  of  alkali  is  largely  soluble  in 
strong  spirit.  When  the  alkali  is  used  in  only  slight  excess,  salts  are 
formed  on  evaporation,  but  these  generally  fall  short  of  normal  salts 
in  composition.  However,  from  the  two  single  normal  salts  we  did 
succeed  in  getting  a  mixed  normal  salt  nearly  pure,  which  we  now 
describe. 

This  mixed  normal  salt,  2N'a3NS207,3K3NS207,2H20,  but  with  one- 
fourth  of  the  water  replaced  by  its  equivalent  of  potassium  hyd]-oxide. 
was  obtained  by  evaporation  in  the  desiccator  of  a  solution  of  a 
mixture  of  normal  sodium  and  potassium  oximidosulphonates  in 
molecular  proportion,  together  with  a  little  sodium  and  potassium 
hydroxides,  also  in  molecular  proportion.  The  salt  appeared  as  a 
powdery  deposit  of  microscopic  crystals,  and  was  drained  dry  on  a 
tile,  out  of  free  contact  with  air,  Eeference  to  the  description  of  the 
normal  potassium  salt,  as  obtained  both  by  Raschig  and  by  ourselves, 
will  show  that  the  small  excess  of  potassium  in  the  mixed  salt  is  not 
peculiar  to  this  mode  of  preparation.  Potassium  and  sodium  were 
estimated  by  the  Finkener-Dittmar  method.  The  calculation  A  is  for 
the  true  normal  salt,  B  for  the  salt  with  the  small  excess  of  potash 
mentioned  above. 

Calculated. 

A.                B.  Found. 

Potassium 23-85  24-85  24-89 

Sodium 9-35           9-23  9-40 

Sulphur 21-68  21-40  21-35 

A  seven- eighths  normal  potassium  sodium  salt, 
K,8Na3H3(NS2Ov)8,20H2O, 
was  obtained  in  nodular  masses  of  minute,  transparent  prisms,  on 
evaporating  in  a  vacuum  desiccator  a  solution  of  the  five-sixths  normal 
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potassium  salt  with  sodium  hydroxide  in  quantity  calculated  to  form 
normal  salt.  The  composition  of  this  salt  is  not  very  far  removed 
from  that  of  a  much  simpler  mixed  eight-ninths  normal  salt, 
K7NaH(NS207)3,8H20,  corresponding  to  the  eight-ninths  sodium  salt, 
but  the  deviation  is  a  little  beyond  the  probable  errors  of  analysis. 
In  the  table,  the  calculated  numbers  marked  A  are  for  the  eight- 
ninths  formula,  and  those  marked  B  for  the  seven-eighths  formula. 

Calculated. 

A.                 B.  Found. 

Potassium 27-05  26-51  2Cv58 

Sodium 2-27           2-59  2-49 

Sulphur 18-98  19-28  19-22 

Mtroxy-radicle,  NO    . .        8-90           9-03  9-01 

A  six-sevenths  normal  potassium  sodium  salt,  K2N'ai6H3(NS207)7,5H20, 
was  obtained  in  some  quantity  by  the  evaporation  of  a  solution  of 
disodium  oximidosulphonate,  to  which  a  small  proportion  of  potassium 
hydroxide  and,  unintentionally,  some  sodium  hydroxide  also  had  been 
added ;  it  formed  on  the  bottom  of  the  vessel  as  a  hard  crust  of  small 
prisms.  Attempts  to  prepare  this  salt  again  were  unsuccessful ;  the 
products  then  obtained  will  be  noticed  a  few  paragi'aphs  later  on. 
After  being  preserved  for  many  months,  the  salt  was  again  examined, 
to  confirm  the  results  first  obtained.  This  salt  scarcely  alters  in 
weight  in  the  vacuum  desiccator,  although  it  contains  water  ;  it  is  not 
so  freely  soluble  in  water  as  are  other  potassium  sodium  oximido- 
sulphonates  rich  in  sodium,  and  may  be  recrystallised  from  its  solution 
almost  unaltered.  The  analysis  marked  a  was  made  with  the  original 
preparation,  and  that  marked  b  with  the  recrystallised  salt. 

Found. 

, " ^ 

Calculated.  a.  b. 

Potassium 4-17  4-10  4-27 

Sodium ]  9-69  19-43  19-79 

Sulphur ,  2.3-97  23-75  23-84 

Nitroxy-radicle,  NO   . ,  11-24                   —  10-81 

A  five-sixths  normal  potassium  sodium  salt,  Ki5NasH4(XS207)8,9H20, 
or  not  very  far  from  the  five-sixths  normal  monosodium  salt, 
KiNaH(NS207)2,2H20,  may,  from  its  mode  of  preparation,  possibly 
not  be  a  single  salt,  yet  is  interesting  on  account  of  the  way  in  which 
it  was  obtained,  and  for  its  relation  in  composition  to  the  salt  next 
described.  When  the  dipotassium  salt  was  mixed  with  the  calculated 
quantity  of  sodium  hydroxide  and  the  solution  evaporated  to  a  small 
bulk  over  sulphuric  acid,  no  salt  separated,  and  when  alcohol  was 
added  there  occurred  only  a  formation  of  droplets  on  the  bottom  of 
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the  vessel ;  bat  gradually  these  solidified  to  masses  of  minute,  crystal- 
line particles,  having  the  composition  formulated  above  instead  of 
that  of  a  normal  salt  or  mixture  of  normal  salts,  as  it  would  have  had 
if  compounds  of  either  metal  had  alone  been  present. 

The  calculation  A  is  for  the  simpler,  and  B  for  the  more  complex, 
formula  given  above. 

Calculated. 

A.                 B.  Found. 

Potassium 26-23  24*57  24-66 

Sodium 3-86  4-82  4-93 

Sulphur 21-46  21-44  ■    21-37 

The  five-sixths  normal  monopotassium  sodium  salt, 
KNa4H(NS20,)2,H20, 

is  nearly  represented  by  two  salts  obtained  in  different  ways.  Both 
salts  were,  however,  slightly  more  basic  than  calculated ;  moreovei", 
in  the  first  to  be  noticed  the  potassium  was,  to  a  small  extent,  re- 
placed by  sodium,  and  in  the  second  salt  the  sodium  by  potassium,  as 
will  be  seen  from  the  numbers  given.  The  first  salt,  a,  was  in  small, 
well-formed,  prismatic  crystals,  and  was  got  accidentally  by  the 
spontaneous  evaporation  of  an  ammoniacal  solution  of  disodium 
oximidosulphonate  containing  some  potassium  chloride ;  it  was  readily 
soluble  in  water,  but  could  not  be  reerystallised  unchanged.  It  was 
free  from  chlorine.  The  second  salt,  h,  was  obtained  in  one  of  the 
attempts  to  get  again  the  six-sevenths  mixed  salt  already  described  ; 
to  7  mols.  of  disodium  oximidosulphonate  in  solution  were  added  two 
of  sodium  hydroxide  and  two  of  potassium  hydroxide,  and  the  solutioii 
evaporated  in  a  vacuum  until  crystallisation  occurred. 

Found. 

Calculated.  a.  h. 

Potassium 7*36  6-89  7-61    , 

Sodium 17-36  17  69  17-25 

Sulphur 24-15  23-93  23-96 

A  five- sixths  normal  potassium  sodium  salt,  K.l.^Nili.sH.(NS20^)i,Tl20f 
was  obtained  as  a  crust  of  microscopic  orthorhombic  prisms  when  a 
mixture,  in  unknown  proportions,  of  disodium  oximidosulphonate  in 
solution  and  potassium  hydroxide  was  evaporated  in  the  desiccator. 

A  salt,  differing  only  a  little  in  composition  from  this,  was  obtained 
in  another  attempt  to  form  the  "  six-sevenths  "  mixed  salt.  In  this 
case,  1  mol.  of  dipotassium,  two  of  disodium,  and  four  of  trisodium 
oximidosulphonates  were  brought  together  in  solution  and  evaporated 
in  the  desiccator;  the  solution  became  somewhat  viscid,  and  only 
yielded   a  crystalline  deposit  when  stirred  with  a  glass  rod.     The 
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deposit  or  precipitate  was  thoroughly  drained  on  a  porous  tile,  dis- 
solved iu  a  little  water,  and  the  solution  evaporated  to  crystallisation. 
A  salt  now  formed  as  a  crust  on  the  bottom  of  the  vessel,  and 
resembled  the  salt  sought  for,  from  which,  however,  it  differed 
materially  in  composition.  The  results  of  analysis  of  this  preparation 
are  given  under  6,  and  those  of  the  other  preparation  under  a ;  the 
latter  approximates  closely  to  five-sixths  normal,  while  h  is  slightly 
less  basic,  and  in  other  points  deviates  a  little  from  the  calculation. 

Found. 

, ' . 

Calculated.  a.  h. 

Potassium 10-20  lOlG  971 

Sodium 15-43  15-46  15-83 

Sulphur 23-86  23-82  24-27 

Alkalinity   calc.  as 

sodium 4  29  4-29  4-30 

Raschig's  potassium  sodium  sulphazotate  is  a  salt  a  little  less  basic 
than  that  just  described  as  b;  he  represents  it  as  being,  that  is,  in 
the  nomenclature  of  this  paper,  the  five-sixths  7iormal  monosodium 
oxiviidosulphonate,  K4!N'aH(N 8207)2,21120,  and  was  justified  in  doing 
so  by  his  analysis,  but  from  his  results  the  salt  would  nevertheless 
appear  to  have  had  a  composition  approaching  more  nearly  that  of  a 
four-fifths  normal  salt  than  of  a  five-sixths  normal,  and  hence,  in  the 
order  of  basicity  of  these  potassium  sodium  salts,  stands  between  that 
last  described  and  that  to  follow.  Raschig  describes  the  salt  as 
forming  opaqae,  spherical  masses  of  the  size  of  millet  seeds,  and 
therefore  resembling  some  of  our  preparations. 

A  four-fifths  normal  potassium  sodium  salt, 

K2.iNao.3Ho.6NS207,0-72H20, 

was  obtained  by  dissolving  dipotassium  oximidosulphonate  in  sodium 
chloride  solution,  and  then  adding  ammonia  in  excess  (p.  534).  It 
separated  as  a  precipitate  of  exceedingly  minute  prisms,  slightly 
opaque  when  viewed  under  the  microscope.  It  was  free  from 
chlorine  and  ammonia.  The  atomic  ratio  of  the  metals,  it  will  be 
seen,  is  NalKv,  and  of  the  metals  to  the  hydrogen  as  (KNa)^!!!. 

Calculated.  Found. 

Potassium 28-06  28-08 

Sodium 2-36  2-40 

Sulphur 21-87  21-86 

A  four-fifths  n&rmal  potassium  sodium  salt,  but  a  little  less  basic,  so 
as  to  be  nineteen- twenty -fotirths  normal,  K>:8NaHi.25(NS207)2,l-8H20, 
was  obtained  almost  in  the  same  way  as  the  last.  Dipotassium 
oximidosulphonate,  in  fine  powder,  was  dissolved  in  such  quantity  in 

2  Q  2 
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a  saturated  solution  of  sodium  chloride  that  crystallisation  of  an 
oximidosulphonate  chloride  (p.  551)  took  place.  This  salt  was  redis- 
solved  by  -vvarming  in  its  mother  liquor,  to  which  some  ammonia 
water  had  been  added,  and  the  solution  set  aside.  On  cooling,  the 
above  salt  crystallised  out  in  minute  prisms,  which  did  not  lose 
weight  in  a  good  vacuum  over  sulphuric  acid,  although  they  con- 
tained water.     The  salt  was  free  from  chlorine  and  ammonia. 

Calculated.  Found. 

Potassium 25"13  25'11 

Sodium 3-94  3-92 

Sulphur 21-94  21-95 

A  seven-ninths  normal  potassium  sodium  salt,  K6N^aH2(NS207)3,2H20, 
forms  hard  crusts  of  small  rhombic  prisms  ;  it  is  only  moderately 
soluble  in  water,  and  can  be  recrystallised  without  undergoing 
change.  It  is  obtained  from  the  dipotassium  oximidosulphonate, 
which  exchanges  one-third  of  its  hydrogen  for  sodium  on  treatment 
with  either  sodium  hydroxide,  or  sodium  carbonate,  or  sodium 
chloride  and  ammonia.  In  working  with  sodium  hydroxide,  some 
small  excess  of  this  may  be  used  without  alSecting  the  composition 
of  the  crystals.  Analysis  a  was  made  with  crystals  prepared  by 
adding  NaOH  to  2K2HNS207,  that  is,  in  the  proportion  calculated 
for  the  five-sixths  noi'mal  salt.  The  dipotassium  salt  dissolved  in  an 
excess  of  warm  solution  of  sodium  carbonate  gave,  on  cooling,  the 
crystals  of  which  h  is  the  analysis.  Analysis  c  is  of  crystals  obtained 
by  dissolving  together  in  warm  water  NaCl  +  2K2HNS2O7,  and 
then  adding  concentrated  ammonia  in  moderate  quantity,  and  leav- 
ing to  cool.  The  sodium  chloride  was,  it  will  be  seen,  taken  in  small 
excess,  namely,  in  the  quantity  calculated  to  produce  the  fi.ve-sixths 
normal  salt.  When  the  effect  of  a  great  excess  of  sodium  chloride 
was  tried,  the  result  was  less  satisfactory,  the  crystals  being  then 
somcAvhat  opaque  and  less  definite  in  composition.  As  best  pre- 
pared, this  salt  made  by  the  use  of  sodium  chloride,  is  somewhat  less 
than  a  seven-ninths  normal  salt,  being  half-way,  in  composition, 
between  this  and  a  three-fourths  normal  salt. 

Found. 

r " > 

Calculated.  a.  b.  c. 

Potassium 27-10  27-01         27-22         26-73 

Sodium 2-66  2-53  2-50  2-62 

Sulphur 22-18  22-00         22-08         22-27 

Two-thirds  Normal  Potassium  Sodium  Salt,  KNaHNS207,3H20. — 
This  salt,  but  slightly  more  basic  from  the  presence  of  about  l/20th 
of  an  atom  of  potassium  in  excess  of  that  in  the  formula,  and  being, 
therefore,  a  28/39th  normal  instead  of  two-thirds  normal  salt,  was 
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obtained  in  long,  rhombic  prisms  of  small  size  by  dissolving  5*2 
grams  of  dipotassiam  salt  (slightly  alkaline)  in  30  c.c.  of  a  saturated 
solution  of  sodium  chloride  and  5  c.c.  of  water,  by  the  aid  of  a  gentle 
heat,  and  leaving  the  solution  to  cool. 

Calculated.  Found. 

Potassium 12-70  14*62 

Sodium 7*49  7*60 

Sulphur 20-85  20-87 

Reaction  between  the  dipotassium  salt  and  sodium  chloride  gives 
also,  as  already  described  on  p.  551,  a  double  oximidosulphonate 
chloride,  besides  other  compounds  allied  to  this  and  the  salt  just 
described.  It  is  a  reaction  which  requires  fuller  investigation  than 
we  have  found  time  to  make  of  it,  and  what  follows  is  all  we  can  add 
concerning  it.  From  a  solution  of  sodium  oximidosulphonate  and 
potassium  chloride,  potassium  oximidosulphonate  crystallises  out 
nearly  free  from  sodium ;  but  when  potassium  oximidosulphonate  is 
dissolved  in  suflScient  quantity  in  a  hot  concentrated,  but  not  satu- 
rated, solution  of  sodium  chloride,  a  crystallisation  of  oximido- 
sulphonate is  obtained — half  potassium,  half  sodium.  If  the  sodium 
chloride  solution  is  saturated,  and  the  potassium  oximidosulphonate 
is  dissolved  in  it  in  the  cold,  what  appeal's  to  be  a  compound  of  these 
salts,  already  described,  quickly  sepai-ates.  But  if,  by  the  aid  of 
heat,  more  potassium  oximidosulphonate  is  dissolved,  the  salt  which 
crystallises  out  is  what  may  be  represented  as  sodium  chloride  in 
combination  with  potassium  sodium  oximidosulphonate.  And  if  in 
the  mother  liquor  of  this  salt,  now  containing  sodium  oximido- 
sulphonate in  place  of  some  of  its  sodium  chloride,  potassium 
oximidosulphonate  is  again  dissolved  by  heat,  the  crystals  which 
form  on  cooling  consist  of  an  oximidosulphonate,  containing  more 
sodium  than  potassium,  and  with  only  very  little  sodium  chloride 
along  with  it.  We  give  an  example  of  the  composition  of  such  a 
salt,  which  was  obtained  in  small,  transparent,  well-defined,  rhombic 
prisms. 

Potassium 7'45 

Sodium 12-98 

Sulphur 23-65* 

Chlorine 0-63 

The  potassium  is  to  the  sodium  as  K :  Nas,  plus  a  very  little  for  the 
chlorine. 

By  dissolving  dipotassium  oximidosulphonate  in  a  warm  concen- 
trated solution  of  disodium  oximidosulphonate,  it  is  practically 
certain,  from  what  precedes,  that  a  potassium    sodium    salt  would 

•  Tliis  number  is  calculated,  as  the  sulpViur  was  lost. 
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crystallise  out.     "We  regret  we  have  no  experience  to  record  on  this 
point. 

Ammonium  Oximidosulphonates. 

When  hydroxy-lead  oximidosulphonate  (p.  568)  is  shaken  with 
enough  solution  of  ammonium  hydrogen  carbonate  to  convert  its  lead 
into  carbonate,  it  at  once  yields  a  solution  of  normal  ammonium 
oximidosulphonate  almost  pure.  Barium  oximidosulphonate  may  be 
used  in  place  of  the  lead  salt ;  but,  not  being  basic,  it  requires  the 
normal  instead  of  the  acid  ammonium  carbonate  to  be  used  with  it. 
The  solution  smells  slightly  of  ammonia,  but  may  be  preserved  un- 
changed in  a  closed  vessel.  When  the  solution  is  heated  with 
exposure  to  air,  it  loses  ammonia,  and  becomes  converted  into  the 
diammonium  salt.  Guarding  against  hj'-drolysis,  to  which  this  salt 
is  very  liable,  by  adding  a  drop  of  strong  solution  of  ammonia  occa- 
sionally so  as  to  maintain  its  alkalinity,  the  solution  of  the 
diammonium  salt  may  be  evaporated  on  the  water  bath  to  a  ver}' 
small  volume  without  decomposing,  and  if  this  very  concentrated 
solution  be  quickly  evaporated  cold  over  sulphuric  acid,  it  is  possible 
to  get  the  diammonium  salt  in  good  prismatic  crystals,  very  soluble 
in  water.  If,  on  the  other  hand,  the  solution  is  mixed  with  concen- 
trated solution  of  ammonia,  and  evaporated  in  an  ammoiiiacal 
atmosphere  over  solid  potassium  hydroxide,  crystals  of  another  very 
soluble  salt  are  obtained,  having  an  unconquerable  tendency  to  climb 
the  sides  of  the  vessel  and  exfoliate  there  ;  these  crystals,  which  occur 
in  masses  of  overlapping  flat  prisms,  slowly  efiloresce  in  the  desic- 
cator. They  are  believed  to  be  the  Jive-sixths  normal  ammonium 
oxim,idosulphonate,  corresponding  to  Fremy's  basic  potassium  sulph- 
azotate.  We  have  no  analyses,  as  the  diammonium  salt  hydrolysed 
before  it  could  be  freed  from  its  mother  liquor.  The  alkaline  salt  also 
has  not  been  obtained  in  quantity  in  such  definite  form  as  to  promise 
quantitative  analytical  results  of  any  value.  When  heated,  this  salt 
decomposes  suddenly  like  other  oximidosulphonates,  leaving  a  residue 
of  ammonium  hydrogen  sulphate. 

On  evaporating  a  solution  of  normal  ammonium  oximidosulphon- 
ate with  ammonium  acetate  over  a  water  bath,  ammonia  escaped  as 
usual,  and  the  concentrated  solution,  on  cooling,  yielded  a  magma  of 
lustrous  needles.  This  magma  slowly  dried  on  the  tile,  and  for  days 
evolved  the  vapour  of  acetic  acid  without  the  oximidosulphonate 
hydrolysing,  or  the  compact  dry  mass  losing  its  silky  lustre.  In  the 
course  of  weeks,  however,  hydrolysis  occurred,  and  the  mass  changed 
to  loose  opaque  crystals  of  ammonium  hydrogen  sulphate.  It  thus 
seems  that  diammonium  oximidosulphonate,  like  the  potassium  salt, 
combines  with  other  salts  such  as  ammonium  acetate. 
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Barium  Oximidosuljphonates. 

Barium  cliloride  does  not  precipitate  a  solution  of  dipotassium  or 
disodium  oximidosulphonate,  but  the  mixed  solutions  are  very  un- 
stable, soon  hydrolysing  into  sulphate  and  oximidosulphonate  {cf. 
Claus).  On  adding  it  to  the  normal  potassium  or  sodium  salt, 
barium  oximidosulphonate  is  precipitated,  in  combination  always 
with  some  potassium  or  sodium  oximidosulphonate,  and  with  very 
much  when  the  alkali  salt  is  in  concentrated  solution,  and  kept  in 
excess.  The  alkali  salts  intermediate  between  the  normal  and  two- 
thirds  normal  salts  behave  towards  barium  chloride  as  mixtures,  the 
two-thirds  normal  alkali  salt  remaining  un precipitated  except  in  con- 
centrated solutions  when,  if  it  is  the  potassium  salt,  much  of  it  becomes 
insoluble  in  combination  with  the  barium  salt.  The  precipitates 
dissolve  to  some  extent  in  warm  concentrated  solutions  of  the  normal 
and  two-thirds  normal  alkali  oximidosulphonates,  but  separate,  for 
the  most  part,  on  cooling,  sometimes  richer  in  alkali  salt. 

Barium  hydroxide  precipitates  solutions  of  the  two-thirds  normal 
as  well  as  the  normal  salts,  and  all  the  precipitates  are  combinations 
of  barium  with  potassium  or  sodium  salts.  With  excess  of  hydroxide, 
or  in  the  case  of  the  normal  or  the  intermediate  salts,  when  barium 
chloride  is  used  in  excess,  the  precipitates  are  generally  basic,  that 
is,  have  some  of  the  barium  as  hydroxide. 

Ammonium  oximidosulphonates  behave  much  like  the  potassium, 
and  sodium  salts,  but  have  a  much  larger  solvent  action  upon  the 
barium  precipitates.  We  have  made  no  analyses  of  the  ammonium 
barium  salts. 

There  are  apparently  three  barium  salts,  Ba3(N'S207)2,  BaHNS207, 
and  (HOBa)2HNS207  or  (HOBa)BaNS207 ;  of  which,  however,  the 
second  is  so  unstable  as  to  be  known  only  in  solution,  whilst  the 
third  is  known  only  in  combination. 

Normal  Barium  OximidosulpJwuate,  Ba3(NS207)2,4H20  and  8H2O. — 
The  precipitate  obtained  by  using  barium  chloride  or  hydroxide  in 
excess  with  a  potassium  or  sodium  oximidosulphonate  is  washed,  and 
then  nearly  all  dissolved  by  adding  dilute  hydrochloric  acid  with 
continual  stirring  until  a  solution  is  obtained  neutral  or  only  slightly 
alkaline  to  litmus;  the  turbid  solution  is  then,  by  aid  of  a  vacuum- 
pump,  filtered  as  quickly  as  possible  into  excess  of  warm  baryta 
water.  The  precipitate  thus  obtained,  when  washed  with  well-boiled 
water,  hot  or  cold,  is  the  normal  barium  salt  free  from  alkali  and 
from  carbonate  ;  it  is  a  voluminous,  curdy  precipitate  at  first,  but 
generally  changes  to  a  denser  powder,  crystalline  under  the  micro- 
scope but  to  the  naked  eye  chalk-like  when  dry ;  it  is  practically 
insoluble  in  water,   but  soluble  in  ammonium  chloride.     It  is  fully 
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decomposed  in  the  cold  by  ammonium  or  sodium  carbonate  solution. 

If  heated  dry,   it  suddenly  decomposes   into   barium   sulphate   and 

gases.    It  loses  water  at  ordinary  temperatures  in  dry  air,  and  nearly 

all  at  110°.     Its  composition,  calculated  and  found,  is  shown  by  the 

following  table,  in  which  A  refers  to  one  preparation  with  4Aq.,  and 

B  to  another  with  8Aq, 

A.  B. 

t '' ^  I " ^ 

Calculated.      Found.  Calcxilated.      Found. 

Barium 47-62        47-50  43-96        43'74 

Sulphur 14-83         14-80  13'69        13-46 

Two-thirds  normal  barium,  oximidosuljphonate,  BaHNSjO;,  can  be 
obtained  in  solution  by  adding  just  enough  acid  to  the  normal  barium 
salt ;  when  the  normal  salt  is  free  from  alkali,  and  the  acid  is  sulph- 
uric, the  solution  filtered  is  pure.  When  the  normal  barium  salt  is 
combined  with  any  potassium  or  sodium  salt,  the  solution  obtained 
by  means  of  an  acid  is  treated  as  described  for  getting  the  pure 
normal  salt,  which  is  then  again  converted  into  the  two- thirds  normal 
salt  by  sulphuric  acid.  The  solution  of  this  salt  is  distinctly  acid  to 
litmus,  and  seems  to  hydrolyse  too  readily  to  admit  of  the  salt  being 
crystallised  from  it. 

Barium,  Sodium  Oximidosulphonates. — A  normal  one-fifth  sodium 
salt,  Ba6Na3(NS207)6,7H20,  is  obtained  when  barium  chloride  (1  mol.) 
is  added  to  normal  sodium  oximidosulphonate  in  strong  solution 
(1  mol.) ;  it  was  also  obtained  by  adding  baryta  water  to  a  strong 
solution  of  the  normal  sodium  salt  kept  in  excess.  The  precipitate, 
either  unwashed  or  slightly  washed,  is  dried  on  a  porous  tile.  It 
loses  only  one-third  of  its  water  at  120°.  a  was  obtained  by  means 
of  barium  chloride,  and  6  by  barium  hydroxide. 

Found. 

Calculated.                   a.  b. 

Barium    41-79                 42-02  4224 

Sodium 3-51                   3-60  3*44 

Sulphur 16-27                15-69  15-97 

Another  normal,  only  one-seventh  sodium  salt, 

can  be  obtained  by  adding  baryta  water  to  a  mixed  solution  contain- 
ing disodium  salt  and  barium  chloride  in  molecular  proportion,  and 
in  other  ways,     a  and  b  were  separate  preparations. 

Found. 

/ ' \ 

Calculated.  a.  b. 

Barium 44-71  44-70        44-18 

Sodium 2-50  240  2-47 

Sulphur 16-24  15-83  — 
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A  normal  salt,  richer  in  sodium,  was  got  by  grinding  together 
8  mols.  of  trisodium  and  3  mols.  of  disodium  salt  with  hardly  enough 
water  to  dissolve  all,  and  then  adding,  very  gradually  and  with 
trituration,  a  dilute  solution  of  1  mol.  of  barium  chloride ;  no  preci- 
pitate was  produced  in  the  now  dissolved  salts  until  half  of  the 
chloride  was  added,  but  the  mixture  then  quickly  thickened  to  a  nearly 
opaque,  firm  jelly,  which,  after  a  time,  separated  into  a  liquid  and  a 
powdery  precipitate ;  the  precipitate  was  drained  on  a  tile,  and  then 
had  changed  from  a  powder  to  a  horny,  hard  mass.*  This  was 
ground  fine  in  a  mortar,  and  dried  in  a  good  desiccator,  the  grinding 
being  once  or  twice  repeated.  When  analysed,  it  proved  to  be 
BaNaNS;0T,H20  with  a  little  Ba3(NS207)2,9H20. 

Found. 

Bai8Nai5(NS207)i7,24HoO.    , ^ ^ 

Barium 38-10  38-36         38-01 

Sodium 5-33  —  6-26 

Sulphur 16-81  —  16-72 

Barium  Potassium  Oximidosulphonates. — The  normal  potassium  salt 
decomposes  so  quickly  in  aqueous  solution  into  the  five-sixths  normal 
salt  and  potassium  hydroxide,  that  constant  and  simple  i-esults 
would  probably  not  be  obtained  with  it  as  a  precipitating  agent. 
We  have  used,  as  Fremy  did,  the  K3  salt,  or  with  baryta  the  Kg  salt. 

The  seven-ninths  salt,  Ba3K8H4(NS207)6,9H20,  is  obtained  as  a  crys- 
talline powdery  precipitate  when  a  concentrated  solution  of  barium 
chloride  (2  mols.)  is  added  to  the  five- sixths  normal  potassium  salt 
(3  or  more  mols.)  in  warm  concentrated  solution ;  this  salt,  it  should 
be  remembered,  being  very  little  soluble  in  cold  water.  •  The  precipi- 
tate first  formed,  redissolves  in  its  mother  liquor  up  to  the  point 
when  only  half  the  barium  chloride  has  been  added,  but  is  again  pre- 
cipitated on  adding  the  rest  of  the  barium  chloride  and  allowing  the 
mixture  to  cool.  The  mother  liquor  must  be  decanted  soon,  and  the 
precipitate  drained  on  a  tile,  because  the  former,  in  about  an  hour 
after  cooling,  begins  to  deposit  potassium  salt.  The  results  of  the 
analysis  of  the  precipitate  were — 

Calculated.  Found. 

Barium 20-25  20-40 

Potassium 15-41  15-66 

Sulphur 18-92  18-25 

The  sulphur,  it  will  be  seen,  is  a  little  too  low  for  the  formula,  a 
deviation  attributable  perhaps  to  the  presence  of  a  little  K5  salt 
derived  from  the  mother  liquor. 

*  The  behaviour  of  the  mixture  in  gelatinising  and  in  subsequently  breaking  up 
into  a  thin  liquor  and  a  precipitate  which  became  horny  on  drying,  is  very  mucU 
like  that  of  one  of  Fremy's  potassium  salts,  his  met  a  sulpha  zate. 
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In  this  salt,  the  oximidosulphonate  exists  one-third  as  normal  barium 
salt,  and  two-thirds  as  dipotassium  salt.  In  its  formation,  the  K.^ 
salt  behaves,  as  nsual,  as  mixed  normal  and  dipotassium  salts,  of 
which  one  part  of  the  former  suffers  decomposition  with  the  barium 
chloride  and  the  other  remains  in  solution,  while  the  dipotassium 
salt  is  precipitated  in  combination  with  the  barium  salt 

4K6H(NS207)2  +  3BaCl2  =  Ba3(NS30,)2,4K2HN'S207  + 

2K3NS2O;  +  6KC1. 

On  adding  barium  chloride  (1  mol.)  to  a  warm  concentrated  solu- 
tion of  the  K5  salt  (3  mols.),  agitating  to  redissolve  the  precipitate, 
and  then  letting  the  solution  cool,  a  relatively  very  large  quantity  of 
a  crystalline,  powdery  precipitate  is  obtained,  which,  from  its  quan- 
tity, must  consist  largely  of  potassium  salt ;  but,  as  we  were  un- 
certain whether  it  was  free  from  separate  potassium  salt,  we  have  not 
analysed  it.  It  can  be  redissolved  in  its  warm  mother  liquor,  and 
recovered  by  cooling,  again  and  again ;  but  if  the  mother  liquor,  after 
being  decanted,  is  allowed  to  stand  some  hours  to  deposit  most  of  its 
potassium  salt,  and  is  then  redecanted  on  to  the  barium  precipitate, 
it  now  fails  to  dissolve  this  when  warmed  with  it,  though  it  effects 
great  change  in  its  composition,  dissolving  out  potassium  salt ;  after 
being  thus  treated,  the  precipitate  was  found  to  differ  only  a  little 
from  a  salt  having  the  formula  BaKNS207,H20,  and  could  be  regarded 
as  this  salt  retaining  a  little  of  the  salt  from  which  it  had  been 
prepared.     It  had  the  composition  expressed  by  the  formula 

Ba,2Ku(NS2O0i3,10H2O. 

Calculated.  Found. 

Barium 33-95  33-93 

Potassium 11-35  11-57 

Sulphur 17-18  17-03 

The  attempt  to  get  the  salt  BaKNSjOT  directly,  thus, 

KsHCNSzOz  +  BaCl2  =  BaKNS207  +  K2HNS2O7  +  2KC1, 

was    only  partly  successful.     The   precipitate   obtained   on  adding 

barium  chloride  (1  mol.)  to  a  warm  concentrated  solution  of  the  K5 

salt  (1  mol.)  had  the  composition  shown  by  the  formula 

(HO)2BasK4H(NS20r)5,H20, 

or  very  probably  HO'Ba6Ki(NS207)52H20.     This  composition  would 

agree  with  that  of  the  barium  sodium  salt,  Ba6N^a3(NS207)5,  already 

described,  if  an  atom  of  barium  were  not  half  displaced  by  one  of 

potassium. 

Calculated.  Found. 

Barium 41-49  41*68 

Potassium 7*89  8*22 

Sulphur 16-15  16-06 
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This  precipitate  may  be  represented  as  a  mixture  or  compound  of 
4BaKNS207  with  (HO-Ba)2HNS207,H20  (see  the  lead  salts,  3,  p.  568, 
and  7,  p.  571),  and  it  is  probable  that  the  precipitate  first  formed 
consists  largely  of  the  latter  salt,  and  that  when,  by  the  accumula- 
tion [of  dipotassium  salt,  the  mother  liquor  lessens  in  basicity,  the 
BaK  salt  alone  precipitates.  The  reaction  representing  the 
formation  of  the  hydroxy- barium  salt  2BaCl2  +  2K3N"S207  -|-  2H2O  = 
(HO-Ba)2HNS207  +  K2HNS2O7  +  4KC1,  in  which  (HO-Ba)2HNS207, 
when  doubled,  is  equivalent  to  Ba(0H)2  +  Ba3(NS207)2  +  H2O, 
shows  the  normal  sodium  salt  behaving  with  a  salt  of  barium  sorae- 
•what  as  it  does  with  zinc,  manganese,  copper,  and  other  salts,  that  is, 
as  dipotassium  salt  and  potassium  hydroxide  (p.  535). 

Fremy,  by  treating  the  K5  salt  with  barium  chloride,  got  a  precipi- 
tate, gelatinous  at  first,  afterwards  crystalline,  the  composition  of 
which,  as  given  by  him,  may  be  expressed  pretty  closely  by 
(HO)3Ba8K8(NS207)7  (1)  or  by  BaKN'S207  (2)  as  an  approximation 
sufficiently  near  to  Fremy's  analytical  results,  considering  the  liability 
to  impurity  of  his  preparations,  and  his  imperfect  methods  of 
analysis. 

Calculated. 

( * ^  Found. 

1.  2.  (Fremy.) 

Barium 3929         37-43  3990 

Potassium 11-19         10-65  11-55 

Sulphur 16-07         17-49  15-80 

He  must  have  kept  the  potassium  salt  in  excess  when  precipitating. 
He  found  that  baryta  water  gave  the  same  salt.  Although  much 
reliance  cannot,  we  admit,  be  placed  on  Fremy's  analytical  i-esults  as 
strictly  accurate,  we  are  not  inclined  to  adopt  the  simpler  formula 
(2)  as  our  own  results,  here  and  in  the  case  of  the  strontium  and  lead 
salts,  where  we  have  been  sure  of  the  comparative  purity  of  our  pre- 
parations and  the  accuracy  of  our  methods  of  analysis,  have  taught  us 
that  compound  oximidosulphonates  are  generally  of  complex  compo- 
sition. Claus  pronounced  Fremy's  results  to  be  worthless,  as  he 
found  that,  after  10  minutes  or  so,  the  barium  precipitates  began  to 
decompose  and  to  contain  sulphate ;  we  have  not  met  with  this  difii- 
culty,  the  barium  salt  (except  the  two-thirds  normal  salt,  as  already 
noticed)  being  stable,  and  free  from  sulphate  when  analysed.  As  the 
barium  salts  are  hydrolysed  with  extreme  rapidity  when  acidified,  the 
best  way  to  test  their  freedom  from  sulphate  is  to  digest  them  with 
sodium  carbonate,  collect  and  wash  the  barium  carbonate,  and  observe 
whether  it  dissolves  completely  in  nitric  or  hydrochloric  acid. 

Claus's  experience  may  be  accounted  for  by  the  presence  of  much 
dipotassium  oximidosulphonate  in  the  mother  liquor,  which,  with 
barium  chloride,  very  rapidly  yields  sulphate   by  hydrolysis.      He 
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refused  credence  to  Fremy's  statement  as  to  the  formation  of  the 
dipotassium  salt  when  the  K5  salt  is  precipitated  by  barium  chloride 
or  other  salts,  and  consequently  took  no  steps  to  protect  himself 
against  this  source  of  error. 

On  adding  warm  bai-yta  Avater  not  in  excess  to  a  supersaturated 
solution  of  the  dipotassium  salt,  we  obtained  a  precipitate  somewhat 
poor  in  potassium ;  but  then  neither  a  supersaturated  solution  of  th& 
dipotassium  salt  nor  a  warm  one  of  barium  hydroxide  is  at  all  con- 
centrated, which  is  the  condition  for  the  precipitate  to  contain  much 
potassium.  The  composition  of  the  precipitate  agrees  with  that  re- 
quired by  the  formula  Ba9K3(]N'S207)7,14H20,  and  corresponding  ta 
this,  except  as  to  water,  there  is  a  barium  sodium  salt  which  has^ 
been  already  described  on  a  previous  page. 

Calculated.  Found. 

Barium 42-05  42-14 

Potassium 4-01  4-19 

Sulphur  16-28  15-32 

2  mols.  of  dipotassium  salt  react  with  1  mol.  of  barium  hydroxide 
to  yield  BaKKSjOv,  which  is  resolved  by  water  into  normal  potassium 
salt  and  normal  barium  salt,  retaining  a  twelfth  of  the  former, 
thus : — 

I8K2HNS2O,  +  9Ba(OH)2  =  Ba9K3(NS207)7  +  IIK3NS2O;  +  ISH^O. 

To  show  the  effect  of  excess  of  barium  hydroxide  on  the  normal 
potassium  salt  found  in  the  mother  liquor,  it  was  added  in  some 
excess  to  a  warm  solution  of  the  Kg  salt ;  the  precipitate  obtained 
had  a  composition  which  may  be  regarded  as  resulting  from  the 
addition  of  barium  hydroxide  to  the  preceding  salt,  or  as  that  of  a 
hydroxy-derivative  of  that  salt,  in  which  half  the  barium  is  as  half •■ 
hydroxide.     The  composition  of  the  salt  was 

(HO)3Ba8K2(NS207)5,14H20, 
which   is   nearly  equivalent   to  (HO'Ba)6Ba6K3(NS207)7,19^H20,  or 
3Ba(OH)2  +  Ba9K3(NS207)7.      It   is   also  related   to   Fremy's   salt,. 
being  that  salt  with  K5  replaced  by  (H0*Ba)3Ba. 

Calculated.  Found. 

Barium 45-17  45-29 

Potassium 321  3-21 

.     Sulphur 13-18  13-11 

The  reaction  has  been  one  in  which  potassium  hydroxide  is  largely 
formed— 

5K5H(NS207)2  +  16Ba(0H)o  =  2(HO)3Ba8K2(]SrS207)5  + 

21K0H  +  5H2O. 
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Themotlierliqaor  was  tested,  and  foand  to  contain  much  potassium 
hydroxide  and  some  barium  hydroxide,  but  nothing  else. 

When  barium  chloride  in  slight  excess  and  in  moderately  dilute 
solution  is  added  to  the  K5  salt,  it  yields  a  compound  similar  to 
that  obtained,  by  excess  of  baryta  water,  but  with  some  chloride 
in  place  of  hydroxide  of  barium.  The  pi'ecipitate  had  the  com- 
position 

Cl(HO)2Ba,2K3(NSA)8,  /H^O,  or  BaClj  +  2Ba(OH)2  +  BasCN'SA)^ 

-t-  2Ba9K3(NS20,)7  +  I4H2O 
(see  lead  salt,  4,  p.  569). 

Calculated.  Found. 

Barium 47-29  47-78 

Potassium 3-37  3-24 

Sulphur 14-73  14-67 

Chlorine 1-02  096 

StrouHum  Oximidosulphonates. 

We  have  not  made  a  general  examination  of  the  strontium  salts ; 
what  we  have  observed  qualitatively,  and  at  variance  with  Premy's 
statement,  we  have  recorded  on  p.  545.  On  adding  warm,  concen- 
trated strontia  solution  to  the  five-sixths  normal  potassium  salt,  the 
mixed  solutions  remain  clear  for  a  few  moments,  but  then  become 
suddenly  filled  with  fine  needles  of  very  silky  lustre.  This  precipitate, 
which  retains  its  lustre  when  dry,  has  a  composition  as  complex  as 
that  of  any  barium  salt  we  have  examined,  the  formula  for  it  being 
(IIO)3SriiK8(NS207)9,16H20  ;  which  maybe  expi-essed  more  simply  as 
(HO-Sr)3NS207,8(SrKNS207,2H20),  and  in  other  ways. 

Calculated.  Found. 

Strontium 28-96  28-69 

Potassium 9-39  9-39 

Sulphur 17-33  17-41 

Mtroxy-radicle,  NO. .  . .        8-12  8-16 

Water 8-44  8-67 

Hydroxyl 1-53 

A  strontium  sodium  salt  crystallises  out  in  hemispherical  tufts  of 
brilliant  silky  needles,  some  hours  after  mixing  either  the  disodium 
salt  with  warm  concentrated  strontia  solution,  or  the  normal  sodium 
salt  with  strontium  chloride.     No  analysis  has  been  made  of  the  salt. 

Calcium  Oximidosulphonates. 

Calcium  salts,  including  calcium  hydroxide,  are  not  precipitated  by 
alkali  oximidosulphonates.  When  a  solution  of  the  normal  or  the 
two-thirds  normal  ammonium  salt  is  mixed  with  pure  eoft  calcium 
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hydroxide,  1  mol.  of  the  salt  dissolves  about  1  mol.  of  the  hydroxide, 
if  this  has  not  been  added  in  excess,  and  ammonia  is  liberated.  The 
solution  when  evaporated  on  the  water  bath  gives  off  ammonia,  and 
leaves  a  crystalline  residue,  which  may  be  regarded  as  a  compound 
or  mixture  of  the  salts  Ca(NHi)NS207  and  CaHNSzOT ;  if  this  is 
treated  with  water,  some  nearly  insoluble  calcium  oximidosulphonate 
is  left,  but  the  greater  part  dissolves  as  calcium  ammonium  salt.  If 
after  dissolving  2  mols.  of  calcium  hydroxide  in  2  mols.  of  the 
ammonium  salt,  a  third  mol.  of  the  softest  moist  calcium  hydroxide 
be  stirred  in,  it  is  converted  into  a  voluminous  precipitate,  which 
most  probably  is  normal  calcium  oximidosulphonate ;  this  precipitate 
is  only  sparingly  soluble  in  water,  and  is  so  free  from  ammonia  as  to 
evolve  none  when  mixed  with  calcium  hydroxide,  a  test,  however, 
which  is  not  quite  conclusive. 

Lead  Oxiniidosulphonates. 

Beactions  of  Alkali  Oximidosulphonates  ivith  Lead  Acetates. — The 
reactions  of  oximidosulphonates  with  lead  salts  are  complex.  The 
disodium  and  dipotassium  salts  give  no  precipitate  with  normal  lead 
acetate,  but  do  with  the  basic  acetates ;  with  highly  basic  acetates  in 
o-ood  excess,  the  precipitate  is  mainly  or  wholly  the  normal  hydroxy- 
lead  salt  (numbered  2  in  the  description  of  these  salts  which  follows)  .^ 
With  a  basic  acetate  not  in  excess,  and  if  the  solution  is  not  concen- 
trated, the  precipitate  is  the  salt  numbered  3 ;  whilst  with  medium 
quantities  of  basic  acetate  and  concentrated  solution?,  the  precipitate 
is  approximately  the  salt  4.  The  precipitates  usually  contain,  espe- 
cially when  strong  solutions  are  employed,  acetate  and  alkali  salt 
only  partially  removable  by  washing  with  hot  water. 

Normal  sodium  oximidosulphonate  and  normal  lead  acetate  give 
no  immediate  precipitate  unless  the  solutions  are  dilute ;  with 
enough  of  the  sodium  salt,  that  is,  2  mols.,  or  more,  to  1  mol.  of  the 
acetate,  and  using  concentrated  solutions,  the  mixture  in  a  few  hours 
becomes  filled  more  or  less  with  a  soft  mass  of  minute  crystals  of  a 
lead  sodium  salt,  7.  Using  much  less  sodium  salt,  the  mixed  solu- 
tions, if  not  dilute,  also  remain  clear,  but  very  slowly  deposit  spherical 
crystalline,  hard  grains  of  the  salt  4 ;  the  mother  liquor  of  this  salt 
gives  a  precipitate  on  dilution  with  water.  If  less  concentrated,  the 
mixed  solutions  yield  a  precipitate  at  once,  which,  however,  redissolves 
on  heating ;  concentrating  the  mixture  on  a  water  bath  causes  the 
precipitate,  in  what  are  even  dilute  solutions,  to  gradually  redissolve 
Evaporation  to  dryness  yields  a  gum-like  mass  soluble  in  a  littl<? 
water,  but  decomposed  by  much. 

Normal  potassium  oximidosulphonate  and  also  the  Kg  salt  give  an 
immediate  precipitate  with  normal  lead  acetate,  soluble  in  excess  of 
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either  mother  salt  iu  strong  solution,  but  the  solution  remains  clear 
for  only  a  few  moments,  and  then  gives  a  crystalline  precipitate 
unlike  the  flocculent  and  voluminous  one  first  formed  (c/.  Fremy). 
When  the  oximide  salt  is  in  excess,  the  precipitate  is  6;  with  the 
acetate  in  excess  it  is  5.  Normal  ammonium  oximidosulphonate  re- 
sembles the  sodium  salt  in  the  solution  keeping  clear  for  a  long  time 
after  being  mixed  with  normal  lead  acetate,  if  moderately  concen- 
trated, and  in  precipitating  when  largely  diluted.  Its  behaviour  has 
not  been  further  observed. 

The  normal  sodium  salt  gives  no  precipitate  with  a  basic  lead 
acetate,  when  the  former  is  in  the  proportion  of  1  mol.  or  more  to 
1  mol.  of  hemihydroxy-lead  acetate,  even  after  a  long  time  or  upon 
dilution  with  water.  With  basic  lead  acetate  in  excess,  precipitation 
of  the  normal  hydroxy-lead  salt,  2,  is  immediate. 

The  normal  potassium  salt  in  excess  and  in  concentrated  solution 
remains  clear  for  a  very  short  time  after  being  mixed  with  basic  lead 
acetate ;  it  then  deposits  a  crystalline,  flocculent  precipitate,  redis- 
solving  on  heating,  and  re-forming  on  cooling,  6  ;  if  the  basic  acetate 
is  in  excess,  precipitation  takes  place  instantly.  The  K5  salt  in  excess 
with  basic  lead  acetate  behaves  as  with  the  normal  acetate  (cf.  Fremy), 
but  if  the  basic  acetate  is  in  excess  it  acts  in  the  same  way  as  the 
normal  potassium  salt.  The  normal  ammonium  salt  behaves  with 
basic  lead  acetate  essentially  as  the  sodium  salt,  but  the  solvent  action 
of  ammonium  salts  prevents  complete  precipitation.  Except  when  a 
basic  acetate  in  excess  is  used,  the  mother  liquors  of  the  lead  pre- 
cipitates are  rich  in  the  two- thirds  normal  salt  of  the  alkali  metal 
used,  a  fact  pointed  out  by  Fremy,  but  emphatically  denied  by 
Claus. 

Description  of  the  Salts. — Like  other  oximidosulphonates,  the  lead 
salts  combine  readily,  and  in  varying  proportions  with  other  salts. 
Accordingly,  several  double  salts  of  lead  and  sodium,  of  lead  and 
potassium,  and  even  of  lead  and  hydrogen,  can  be  prepared  ;  these  are 
partly  decomposed  by  water,  but  washing,  even  with  hot  water,  never 
removes  all  alkali  salt.  In  nearly  all  the  salts,  the  lead  is  present, 
lialf  as  hydroxide  or  oxide ;  an  exception  being  the  unstable  two- 
thirds  normal  lead  salt.  With  admissible  and  only  slight  qualifica- 
tions, all  the  salts  we  have  analysed  may  be  expressed  as  derivatives 
of  1,  2,  3,  or  4  mols.  of  the  acid. 

1. — Ttvo-thirds  Normal  Lead  Oximidosulphonate,  PbHNSjOT. — This 
salt  can  be  obtained  from  the  normal  hydroxy-lead,  2,  which  is  in- 
soluble in  water,  by  stirring  it  with  water  containing  almost  enough 
sulphui-ic  acid  to  deprive  it  of  two-thirds  of  its  lead.  The  mother 
liquor,  which  is  slightly  acid,  if  concentrated  moderately  in  the  desic- 
cator, gives   a  crust   of   minute   crystals ;    these   appear   under   the 


568  DIVERS   AND   HAGA  : 

microscope  as  transparent  prisms,  somewhat  hollowed  at  their  middle 
to  a  dumb-bell  shape.  The  salt  is  only  sparingly  soluble,  and  is  veiy 
unstable.     We  have  not  analysed  it. 

2.  Normal  Hydroxy -lead  Oximidosulphonate,  (HO"Pb)3N"S207,3H2Q. 
— Hemihydroxy-  or,  still  more,  basic  lead  acetate,  if  in  considerable 
excess  of  the  calculated  quantity,  yields  this  salt  in  the  pure  state 
when  normal  sodium  oximidosulphonate  is  poured  into  it,  with  stir- 
ring, but  if  the  lead  solution  is  poured  gradually  into  the  sodium 
salt,  the  precipitate  generally  contains  a  little  lead  hydroxide,  free  or 
combined.  The  salt  is  quite  stable,  and  may  be  freely  washed  with 
water,  hot  or  cold  ;  it  is  a  very  voluminous,  flocculent  precipitate, 
not  in  the  least  slimy  or  gelatinous,  and  evidently  crystalline  under 
the  microscope.  The  reaction  by  which  it  is  formed  is  expressed  by 
the  equation 

NasNSaOT  +  3(Pb-0H)0Ac  =  (HO-Pb)3:N'S,07  +  SN'aOAc. 

The  salt  can  also  be  prepared,  if  care  is  taken,  by  adding  a  solution 
of  the  disodium  salt  to  a  good  excess  of  tribasic  lead  acetate.  The 
reaction  then  is 

Na^HNSjOT  +  Pb3(OH)4(OAc)2  =  (HO-Pb)3NS20T  + 

2NaOAc  +  H2O. 

This  lead  salt,  when  heated,  decomposes,  as  already  described 
(p.  541),  into  sulphite  and  nitrite.  It  is  soluble  in  acetic  and  other 
acids,  in  sodium  hydroxide,  and  in  ammonium  chloride  and  other 
ammonium  salts,  including  ammonium  oximidosulphonate.  It  is  easily 
and  completely  decomposed  in  the  cold  by  sodium,  potassium,  or 
ammonium  hydrogen  carbonate  ;  the  last-named  salt  gives,  as  an 
intermediate  product,  a  soluble  ammonium  salt,  7.  The  results  of 
analysis  agree  well  with  calculation. 

Calculated.  Found. 

Lead 67-79  67*57 

Sulphur 6-99  6-89 

3.  Two-thirds  Normal  Hydroxy-lead  Oximidosulphonate, 

(HO-Pb)2H]S^S20„H20. 

— Hemihydroxy-lead  acetate,  added  to  a  solution  of  dipotassium 
oximidosulphonate,  the  latter  in  small  excess,  gives  a  precipitate  of 
this  salt,  not  quite  pure,  however,  but  containing  small  quantities  of 
potassium,  acetic  acid,  and  lead  in  excess.  The  corresponding  sodium 
salt  could,  no  doubt,  be  used  in  place  of  the  potassium  salt,  but  has 
not  been  tried.  The  precipitate  is  voluminous  and  flocculent.  Its 
formation  is  represented  by  the  equation 

K2HNS2O,  +  2(Pb-0H)0Ac  =  (H0-Pb)2HNSA  +  2K0Ac. 
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Analysis  of  a  prepai'ation  freest  from  potassium  gave  the  following 
results,  which  are  compared  with  those  calculated  for  the  above 
formula  with  one-ninth  of  an  atom  of  PbO  additional. 

Calculated.  Found. 

Lead 64-10  63-92 

Potassium —  0-2.3 

Sulphur 9-39  9-36 

The  near  approach  in  composition  to  the  normal  hydroxy-lead  salt, 
which  the  small  excess  of  lead  indicates,  is  in  agreement  with  what 
is  observed  in  preparing  the  dipotassium  salt,  which  is  apt  to 
crystallise  with  a  slight  excess  of  potassium.  Calculation  for  the 
pure  salt  gives  lead,  63-01  ;  and  sulphur,  9-74  per  cent. 

4.  Five-sixths  Normal  Aceto-hydroxij-lead  OximidosrdpJwnate, 
(AcO-Pb)(HO'Pb),H(NS207)2,2^H,6.— When  to  two  molecules  of 
normal  sodium  oximidosulphonate  in  somewhat  concentrated  solu- 
tion, excess — say  3  to  6  mols. — of  normal  lead  acetate  is  added,  the 
mixture,  in  some  hours  or  days,  deposits  hard,  almost  opaque, 
spherical  granules,  of  radiating  crystalline  structure,  some  at  the 
surface  of  the  solution,  others  adherent  to  the  sides  and  bottom  of 
the  vessel;  these  granules  are  the  required  salt,  not  quite  pure, 
however,  and  incapable  of  being  purified  because  slowly  decom- 
posed by  water.  The  preparation,  of  which  the  analysis  follows, 
contained,  it  will  be  seen,  acetic  acid  in  excess  of  that  indicated 
by  the  formula.  It  would  be  possible  to  include  this  extra  eighth 
of  acetic  acid  in  a  complex  formula,  but  this  would  be  vain,  as  the 
excess  is  variable. 

Calculated.  Found. 

Lead 65-18  65-10 

Sulphur 8-06  8-14 

Acetic  acid 3-78  4-29 

5.  Five-sixths  Normal  Hydroxy-lead  Potassium  Oximidosulphonate^ 
(HO'Pb)5K5H2(N'S207)4. — To  form  this  salt,  calculation  points  to  the 
use  of  7  mols.  of  the  Kj  salt  and  5  mols.  of  normal  lead  acetate. 
We  obtained  it  by  taking  8  mols.  to  6  mols.  of  the  respective  salts, 
the  former  in  warm  concentrated  solution,  and  the  latter  also  in 
concentrated  solution  ;  almost  immediately  after  mixing,  a  dense, 
granular,  but  still  somewhat  curdy  precipitate,  separated,  which  was 
drained  on  a  tile.  After  being  air  dried,  it  loses  weight  in  a  desic- 
cator equal  to  5-3  per  cent.;  the  loss  of  2H.0  would  bo  about  that. 
It  was  the  dehydrated  salt  which  was  analysed.  The  equation  ex- 
pressing its  formation  is 

TK^HCNS^Ov).  +  5Pb(0Ac),  -h  SHjO  =  (HO-Pb)3K,H2(NS,O0« 

-^  lOKOAc  +  lOKjHNS.O,, 
VOL.  Lxy.  2  u 
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This  salt  is  somewliat  soluble  in  its  mother  liquor.  On  adding 
more  of  the  potassium  salt  to  the  mother  liquor,  a  precipitate  was 
formed  consisting  apparently  of  the  salt  next  to  be  described. 

Calculated.  Found. 

Lead 4979  50-04 

Potassium 9*42  9-15 

Sulphur 12-34  12-46 

6.  Eight-ninths  Normal  Ox>i-lead  Potassium  Oximidosulphonate, 
(0Fh,)kji(NS^0^)3,  or  the  Normal  Salt  (HO'Pb)PbKe(NS207)3.— 
Proceeding  as  for  the  last-described  salt,  but  taking  for  every  2 
mols.  of  the  potassium  salt  only  1  mol.  of  the  lead  salt,  a  clear 
solution  was  obtained  after  agitating  to  dissolve  the  precipitate 
first  formed,  and  this,  when  stirred  with  a  glass  rod,  yielded  a 
sandy  crystalline  precipitate  of  the  composition  expressed  by  either 
of  the  above  formulae,  but  with  nearly  l/16th  of  the  potassium  re- 
placed by  hydrogen,  as  the  calculation  shows. 

Calculated.  Found. 

Lead 33-51  3346 

Potassium 18-98  18-33 

Sulphur 15-54  15-82 

The  mother  liquor  was  free  from  lead,  and  practically  neutral.  The 
following  equation  expresses,  therefore,  the  reaction  which  had 
iaken  place  : — 

4K5H(NS207)2  +  2Pb  (0Ac)2  +  H^O  =  (OPb)2K6H(NS207)3 

-f  4K0Ac  +  5K2HNSA. 
Fremy's  Salt. — Almost  in  the  same  way,  that  is,  by  adding  normal 
lead  acetate,  drop  by  drop,  to  warm  concentrated  solution  of  the  K5 
salt,  agitating  to  dissolve  the  precipitate  as  it  is  produced,  and  going 
on  until,  suddenly,  a  second  crystalline  precipitate  appeared,  Fremy 
got  a  salt  having  nearly  the  same  content  of  sulphur  as  our  salt  just 
described,  but  with  more  lead  and  less  potassium,  and  not  admitting 
of  any  simple  representation  by  a  formula,  although  the  proportion 
of  lead  to  potassium  is  very  nearly  K4 :  Pb.  We  give  the  calculation 
for  PbKi(NS207)2,  along  with  Fremy 's  results. 

Calculated.  (Fremy.) 

Lead 27-85  28-40 

Potassium 21-04  21-44 

Sulphur 17-22  1565 

Nitrogen 3*77  .3-48 

from  which  it  will  be  seen  that  his  sulphur  is  about  one-tenth  too  low 
for  this  formula,  which  is  besides  improbable  from  the  fact  of  the 
lead  in  it  being  wholly  combined  with  the  oximide  radicle. 
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7.  EigM-ninths  Normal  Sydroxy-lead  Sodium  OximidusulpJionate, 
(HO-Pb)2Na6H(N'S207)3,14H20. — Concentrated  solutions  of  2  mols.  of 
the  normal  sodium  salt  and  1  mol.  of  normal  lead  acetate  are  mixed 
and  left,  protected  from  the  air,  till  crystallisation  occurs  ;  the  solution 
then  becomes  filled,  or  partly  filled,  with  a  soft  magma  of  minute 
crystals,  which  are  drained  from  their  mother  liquor,  and  pressed 
between  porous  tiles.  They  are  efflorescent,  and  are  dissolved  and 
decomposed  by  water.  Two  quantities  were  prepared  and  analysed, 
the  one  more  effloresced  than  the  other.  Calculation  A  is  for  14  aq, 
and  B  for  10  aq. 

A.  B. 


Calculated.  Found.  Calculated.  Found. 

Lead 29-38  29-31  30-97  31-32 

Sodium 9-79  9-69  10-32  10-05 

Sulphur 13-63  1373  1436  1435 

This  salt,  like  the  potassium  salt,  can  be  formulated  as  a  normal  salt, 
(HO-Pb)PbN'a6(NS207)3,15H20,  or  as  an  oxy-lead  salt, 

(OPb,)Na6H(N"SA)3, 
but  with  water  of  crystallisation.     The  mother  liquor  of  the  crystals 
contains  mnch  disodium  oximidosulphonate, 

4N"a3NSA  +  2Pb(OAc)2  +  2H,0  =  (HO-Pb)2Na6H(N-S2O03  + 

4NaOAc  +  NasHNSA- 

8.  Normal  Diammoniuvi  Hydroxy  -  lead  OxiTnidosulphonate, 
HOPb(NH4)NSo07. — A  normal  salt  with  1  atom  of  the  hydroxy-lead 
radicle  to  2  of  ammonium  has  not  been  isolated  in  the  pure  state, 
but  can  be  got  in  solution  almost  pure,  and  the  solution  can  be 
evaporated  in  a  desiccator  to  dryness  with  the  loss  of  a  small  frac- 
tion only  of  its  ammonia.  Normal  hydroxy-lead  oximidosulphonate, 
2,  is  precipitated  from  a  known  quantity  of  normal  sodium  oximido- 
sulphonate, washed  by  decantation,  and  its  last  washing-water  de- 
canted off  as  far  as  possible.  The  precipitate,  even  on  long  standing, 
still  occupies  a  large  volume  of  liquid,  and  if  to  it  there  is  now  added 
powdered  ammonium  hydrogen  carbonate  sufficient  to  decompose 
barely  two-thirds  of  the  lead  salt,  and  the  mixtare  is  well  agitated, 
and  then  left  to  stand,  lead  carbonate,  filling  a  very  small  space, 
settles  down,  and  a  clear  mother  liquor  can  be  decanted  having  only 
the  faintest  odour  of  ammonia,  and  containing  1  atom  of  lead  to 
2  of  ammonium,  practically  all  the  oximidosulphonic  radicle,  and  no 
carbonic  acid.  The  addition  of  much  water  renders  it  milky.  It 
can  be  evaporated  to  dryness  in  the  cold,  and  the  residue  redissolved 
in  water. 

The  disodium  and  dipotassium  hydroxy-lead  salts  cannot  be  pre- 
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pared  in  a  similar  way,  but  a  solution  of  either  of  these  salts,  or  of 
the  diammonium  salt,  along  with  acetate,  seems  to  be  obtained  on 
mixing  concentrated  solutions  containing  hemihydroxy-lead  acetate 
and  normal  oximidosulphonate  of  sodium,  potassium,  or  ammonium 
in  molecular  proportion.  The  solution  dries  up  to  a  vitreous  mass, 
with  a  little  confused  crystalline  matter,  and  is  precipitated  on  dilu- 
tion  with  water.  ' 


XLYII. — Tlie  Cis-  and  TrSLns-Modifications  of  1  -.2- 
Tetramethylenedicarhoxylic  acid,  and  1 :  2-Penta- 
methylenedicarhoxylic  acid. 

By  W.  H.  Perkin,  Jun. 

Tn  the  course  of  his  interesting  researches  on  the  reduction  of  phthalic 
acid  (Annalen,  258,  145 ;  269,  145),  Baeyer  has  shown  that  hexa- 
hydrophthalic  acid  exists  in  two  modifications,  which  differ  very 
widely  in  their  properties,  and  which  he  distinguishes  by  the 
prefixes  "  fumaroid  "  or  "  trans  "  and  "  maleino'id  "  or  "  cisJ' 
Graphically,  these  two  acids  may  be  represented  thus — • 


f    COOH^ 


COOIPt-H 


\7 


H:;l-COOH 


H^-COOH 


H^-COOH 


Trans-  or  fumaroid 
modification. 


CiS'  or  maleino'id 
modification. 


but  it  is  not  easy  to  clearly  understand  the  different  arrangement  of 
the  groups  of  atoms  in  these  two  formulae  unless  models  are  used. 
The  properties  of  the  trans'  and  cts-hexahydrophthalic  acids  which 
have  a  direct  bearing  on  the  results  described  in  this  paper  are  the 
following. 

The  trans-acid  (m.  p.  215°)  distils  unchanged  if  quickly  heated,  but 
when  kept  at  a  temperature  slightly  above  its  melting  point,  water  is 
eliminated,  and  the  acid  is  partly  converted  into  the  anliydride  of  the 
fis-acid. 

The  CM-acid  (m.  p.  192°)  is  gradually  decomposed  at  its  melting 
point,  yielding  the  anhydride,  which  melts  at  32°,  and  when  heated 
with  hydrochloric  acid  at  180°,  it  is  converted  into  the  ^?-an5-acid. 
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One  of  the  most  interesting  results  obtained  in  the  examination  of 
these  acids  is  the  observation  tliat  the  ^rans-acid,  when  heated  with 
acetyl  chloride,  also  yields  an  anhydride  melting  at  140°,  which,  at  a 
temperature  of  210 — 220°,  is  gradually  converted  into  the  anhydride 
of  the  m-acid.  ^ 

Baejer  points  out  the  great  similarity  there  is  between  these  acids 
and  the  dimethylsuccinic  acids,  which  also  exist  in  two  modifica- 
tions— 

CHs  CH3 

H-C-COOH  H-C-COOH 

COOH-C-H  H-C-COOH 

CH3  CH3 

JVrtMs-inodification.  Cis-modificaLion. 

These  two  modifications  are  convertible  the  one  into  the  other,  by 
the  same  methods  as  those  used  in  the  case  of  the  hexahydrophthalic 
acids  ;  both  yield  anhydrides,  melting  at  87°  and  38°  respectively,  the 
former  being  converted  into  the  latter  by  heating. 

It  is  quite  easy  to  understand  from  an  examination  of  the  models 
that  the  cis-acids  should,  like  maleic  and  succinic  acids,  yield  an- 
hydrides, but  it  is  somewhat  more  difficult  to  explain  the  existence  of 
the  ^rans-anhydrides,  especially  when  the  fact  is  taken  into  account 
that  it  has  not  been  found  possible  to  produce  an  anhydride  of  f umaric 
acid. 

However,  as  Baeyer  carefully  points  out,  the  study  of  the  molecule 
models  of  these  ^rans-acids  at  once  reveals  the  fact  that  the  relative 
directions  of  the  afiinities  holding  the  carboxyl  groups  are  not  by  any 
Tneans  the  same — the  affinities  in  the  case  of  f umaric  acid  being 
inclined  at  an  angle  of  180°,  whereas  in  the  case  of  the  ^rans-hexa- 
hydrophthalic  acid  and  iraws-dimethylsuccinic  acid  the  angle  is 
approximately  109°. 

It  may  be  assumed,  therefore,  that  the  reason  why  fnmaric  acid 
does  not  give  an  anhydride  is  because  the  distance  between  the  two 
carboxyl  groups  is  too  great ;  in  the  case  of  ^ra?^s-hexahydrophthalic 
acid  and  fran^- dimethylsuccinic  acid,  the  distance  is  far  less,  and  the 
strain  necessary  to  bring  the  two  carboxyl  groups  together  is  not 
sufficient  to  prevent  the  formation  of  an  anhydride  ;  nevertheless,  as 
the  strain  is  still  much  greater  than  in  the  anhydrides  of  the  cts-acids, 
it  may  be  assumed  that  there  is  a  tendency  in  the  ^rarw-anhydrides 
to  change  into  the  more  stable  cw-forms. 

From  considerations  such  as  these,  Baeyer  concludes  that  the  trans- 
jnodification  of  1  :  2-p^ntamethylenedicarboxylic  acid  must  also  yield 
an  anhydride,  because  the  conditions  of  strain  in  this  acid  are  almost 
exactly  the  same  as  in  ^rans-hexahydrophtlialic  and  ^raws-dimethyl- 
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succinic  acids ;  he  also  states  that  it  is  clear,  from  the  examination 
of  the  models,  that  iraws- trimethylenedicai^boxylic  acid, 

COOH      H 

CH2<9  » 

C 

/\ 
H      COOH 

cannot  yield  an  anhydride,  whereas  in  the  case  of  ^raws-tetramethyl- 
COOH      H 
\/ 

enedicarboxylic  acid,      i        i  ,  it  is  doubtful  whether  an  an- 

H       COOH 

hydride  could  be  formed  or  not.  These  theoretical  deductions  agree 
with  the  known  facts  as  far  as  trimethylenedicarboxylic  acid  is  con- 
cerned ;  the  ifraws- modification  of  this  acid  does  not  give  an  anhydride, 
although  the  m-modification  does. 

With  regard  to  the  intermediate  tetramethylene-  and  pentamethyl- 
enedicarboxylic  acids,  the  cis-  and  irans-modifications  of  these  acids 
had  not  at  that  time  been  prepared ;  and,  indeed,  some  preliminary 
experiments  which  I  made  with  the  object  of  obtaining  two  modifi- 
cations of  1  :  2-tetramethylcnedicarboxylic  acid  gave  results  which, 
I  thought,  pointed  to  the  existence  of  only  one  form  of  this  acid 
(compare  Ber.,  26,  2245). 

This  want  of  success  was  doubtless  due  to  the  very  slight  difference 
in  the  melting  points  of  the  two  tetramethylene  acids,  as  some  time 
since,  on  again  carefully  experimenting  on  the  subject,  I  found  that 
both  tetramethylene-  and  pentamethylene-dicarboxylic  acids  exist  in 
well  defined  cis-  and  ^raws-modifications. 

Tetramethylenedicarboxylic  acid  (m.  p.  138°)*  has  been  described 
in  a  previous  paper  (Trans.,  1890,  57,  18).  It  was  prepared  by  the 
following  series  of  reactions,  which  leave  no  doubt  as  to  its  constitu- 
tion. 

When  ethylene  dibromide  acts  on  the  sodium  compound  of  ethylic 
malonate,  ethylic  trimethylenedicarboxylate  is  formed,  together  with 
small  quantities  of  ethylic  butanetetracarboxylate,  the  latter  result- 
ing from  the  direct  action  of  1  mol.  of  ethylene  bromide  on  2  mols.  of 
the  sodium  compound,  thus — 

2(COOC2H5)2CHNa  +  BrCHa-CH^Br  = 

(COOC2H5)2CH-CH2-CH2-CH(COOC2H5)2  +  2NaBr. 

This   ethereal   salt   yields   a    disodium    compound,   which,    when 
•  The  melting  point,  130°,  previously  given,  is  too  low. 
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treated  witli  bromine,  is  converted  into  ethyl ic  tetramethylenetetra- 
carboxylate. 

CH2-C]^a(COOC.H,)2    ,    33     =  CH2-C(C00C,H,),       ^^  ^ 

On  hydrolysis,  this  ethereal  salt  yields  the  corresponding  tetra- 
carboxylic  acid,  which,  at  a  temperature  of  200°,  is  rapidly  decora- 
posed  with  formation  of  1  :  2-tetramethylenedicarboxylic  acid  or  its 
anhydride. 

CH2-C(COOH)2        CH2-CH-C00H 
II  ^    =    11  -f  2CO2. 

CH2'C(COOH)2        CH2-CH-C00H  ^         ' 

The  yield  of  ethylic  butanetetracarboxylate  obtained  by  this 
method  is  so  small  (about  3  per  cent.)  that  it  was  found  impossible, 
at  that  time,  to  submit  the  tetramethylene  derivatives  obtained  to  a 
detailed  examination ;  since  then,  however,  by  substituting  ethylene 
chloride  for  ethylene  bromide,  and  introducing  other  modifications  in 
the  method  of  preparation,  as  fully  described  in  this  paper,  the  yield 
has  been  so  much  improved  that  considerable  quantities  of  material 
can  now  be  obtained  with  comparative  ease. 

The  first  fact  that  was  established  in  re-examining  tetramethylene- 
dicarboxylic  acid  was  that  the  acid  obtained  in  the  above  synthesis 
under  the  conditions  described  in  this  paper,  and  which  melts  at  138% 
is  the  czs-modification  ;  when  heated  with  acetyl  chloride  it  is  con- 
verted into  an  anhydride  (m.  p.  75°),  which  dissolves  readily  in  boil- 
ing water,  with  regeneration  of  the  same  acid. 

jTrans-tetramethylenedicarboxylic  acid  is  prepared  by  heating  the 
ci«-acid  with  concentrated  hydrochloric  acid  at  190"" ;  it  melts  at  131°, 
or  only  7°  lower  than  the  cz's-acid,  and,  like  the  latter,  it  is  very  readily 
soluble  in  water ;  to  this  great  similarity  in  properties  must  be 
attributed  the  fact  that  in  the  first  experiments  the  existence  of  the 
second  modification  was  overlooked. 

Generally  speaking,  when  an  acid  exists  in  two  forms,  the  trans- 
melts  at  a  higher  temperature  than  the  ciV- modification,  notable 
exceptions  being  the  aa-dimethylglutaric  acids, 

COOH-CH(CH3)-CH2-CH(CH3)'COOH, 
and  the  hexahydroisophthalic  acids  ;  to  these  must  now  be  added  the 
tetramethylenedicarboxylic  acids,  as  in  this  case    the    trans-    melts 
lower  than  the  cis-modification. 

The  determination  of  the  dissociation  constants  for  the  electric  con- 
ductivity of  the  two  isomeric  tetramethylenedicarboxylic  acids,  which 
Dr.  Walker  kindly  undertook,  has  given  very  interesting  results,  the 
values  found  being  the  following. 

rra?i«-tetramethyleuedicarboxylic  acid K  =  0'0028 

Cis.  „  „  , K  =  0-0066 
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Here,  again,  these  two  acids  show  an  unusual  behaviour,  as,  in 
nearly  all  cases  which  have  been  investigated,  the  /raws-acid  has  a 
higher  constant  than  the  cis ;  for  example — 

Traws-dimethylsuccinic  acid    ....,,  K  =  0'0191 

Cis.  „  „  „      K  =  0-0123 

Trans-hexahydrophthalic  acid K  =  0*0062 

Cis.  „'  „  „    K  =  00044 

But  this  is  not  always  so,  and,  as  an  exception,  the  case  of  the 
diethylsuccinic  acids  may  be  cited. 

2Vaws-diethylsuccinic  acid K  =  0*0245 

Cis.  „  „  K  =  00343 

Although  the  two  tetramethylenedicarboxylic  acids  possess,  in  many 
ways,  very  similar  properties,  they  are  very  sharply  characterised  by 
their  behaviour  towards  acetyl  chloride. 

The  c^?-acid,  when  digested  for  a  short  time  with  this  reagent,  is 
completely  converted  into  its  anhydride,  but  the  trans-a.cid  may  be 
heated  at  160 — 170°  with  acetyl  chloride  for  1|  hours  without  any 
perceptible  change  taking  place  ;  again,  the  c^s-acid  decomposes  on 
distillation,  with  formation  of  the  anhydride,  but  the  trans-acid,  when 
rapidly  heated  in  small  quantities,  distils  almost  unchanged,  and  it  is 
only  when  repeatedly  distilled  that  water  is  eliminated,  and  then  with 
formation  of  the  anhydride  of  the  ct's-acid,  the  conversion  being, 
apparently,  very  incomplete,  even  after  four  distillations. 

In  this  behaviour,  the  cis-  and  ^raws-tetramethylenedicarboxylic 
acids  show  great  similarity  to  the  corresponding  hexahydrophthalic 
acids,  with  the  exception,  however,  that  ^raw5-tetramethylenedicarb- 
oxylic  acid  does  not  yield  a  distinct  anhydride,  whereas  ^ra»s-hexa- 
methylenedicarboxylic  acid  does,  this  being  in  strict  accordance  with 
the  properties  which  Baeyer  predicted  for  these  acids. 

1  : 2'PentamethijlenedicarhoxyUc  acid  has  already  been  prepared 
(Trans.,  1887,  51,  244)  from  ethylic  pentanetetracarboxylate, 

(COOC2H5),CH-CH2-CH2-CH,-CH(COOC2H5)2, 

by  a  series  of  reactions  exactly  analogous  to  those  employed  in  the 
synthesis  of  tetramethylenedicarboxylic  acid,  as  described  above. 
The  acid  thus  obtained  melts  at  160°,  and  is  ^ra?z5-pentamethylene- 
dicarboxylic  acid,  whereas,  in  the  corresponding  synthesis  of  the 
tetramethylenedicarboxylic  acid,  the  aVmodification  is  produced. 

2Vares-pentamethylenedicarboxy]ic  acid  is  attacked  by  acetyl  chloride 
with  difficulty ;  it  is,  for  example,  not  appreciably  acted  on  when 
heated  with  this  reagent  at  100°  for  three  hours,  but  at  140 — 150°  it 
is  decomposed,  with  formation  of  the  anhydride  of  the  cis-acid. 
This  same  change  takes  place  when  the  acid  is  distilled,  the  conver- 
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sion,  after  two  or  three  distillations,  beiug'  apparently  complete ;  in 
this  respect  it  differs  from  ^rans-tetramethylenedicarboxylic  acid, 
which  is  much  more  stable,  and  only  partially  convertefl  into  the 
anhydriile  of  the  cis-acid  on  distillation. 

It  is  remarkable  that,  in  spite  of  numerous  experiments,  I  have 
not  been  able  to  prepare  an  anhydride  corresponding  to  /ra«s-penta- 
methylenedicarboxylic  acid,  although,  according  to  Baeyer's  theory, 
such  an  anhydride  should  be  formed  with  about  the  same  ease  as  the 
anhydride  of  ^raws-hexahydrophthalic  acid.  Possibly,  under  other 
conditions,  such  an  anhydride  might  be  obtained,  but  this  seems 
improbable. 

Cis-pentamethylenedicarboxylic  acid  is  readily  obtained  by  dissolv- 
ing the  anhydride,  prepared  by  distilling  the  /ra«s-acid,  in  dilute 
potash.  It  melts  at  141°,  and  is  much  more  readily  soluble  in  water 
than  the  trans-Rcid ;  when  heated  with  concentrated  hydrochloric 
acid  at  180",  it  is  converted,  apparently  quantitatively,  into  the  trans- 
acid  (m.  p.  160°). 

The  dissociation  constants  for  the  two  pentamethylenedicarboxylic 
acids  were  determined  by  Dr.  Walker,  with  the  following  results. 

Trans-pentamethylenedicarboxylic  acid K  =  0"0120 

Cis-  „  „  "      „        K  =  0-0158 

Here  again  the  as-acid  has  the  higher  constant,  as  was  also 
observed  in  the  case  of  the  tetramethylenedicarboxylic  acids. 

It  is  very  remarkable  that  the  constants  of  the  pentamethylenedi- 
carboxylic acids  should  be  so  very  much  larger  than  the  constants 
either  of  the  tetramethylene-  or  hexamethylene-dicarboxylic  acids,  as 
the  following  comparison  shows. 

Tetramethylenedicarboxylic  acid  . 

Pentamethylenedicarboxylic  acid  . 

Hexamethylenedicarboxylic  acid  , 

(Hexahydrophthalic  acid) 

In  this,  and  in  many  other  respects,  which  will  be  at  once  noticed  in 
comparing  the  properties  of  these  acids,  there  are  sharp  differences  in 
their  behaviour.  There  is  no  gradual  change  in  properties  in  passing 
from  the  teti-am ethylene  to  the  hexamethylene  derivatives,  such  as 
might  have  been  expected.  Obviously,  then,  these  acids,  although 
they  are  analogously  constituted,  and  differ  from  each  other  by  CHj, 
cannot  be  considered  as  true  members  of  a  homologous  series ;  they 
behave  rather  as  if  they  belonged  to  three  distinct  series,  and  a 
similar  deduction  may  be  drawn  from  a  consideration  of  the  pro- 
perties of  the  other  derivatives  of  tetra-,  penta-,  and  hexa-methylene. 
I  propose  to  return  to  this  point  in  a  subsequent  paper. 


Trans-. 

CiS: 

0-0028 

0-0066 

0-0120 

0-0158 

0-0062 

0-0044 
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The  results  of  this  investigation  show  once  again  that  it  is  not  safe 
to  attempt  to  deduce  the  configuration  of  stereoisomeric  acids  from 
their  melting  points  or  dissociation  constants  ;  the  only  sure  method 
is  to  investigate  the  behaviour  of  the  isomers  vs^hen  treated  with 
acetyl  chloride  and  with  hydrochloric  acid  at  a  high  temperature. 

Preparation  of  Ethylic  Butanetetracarhoxylate, 
(COOC2H5)2CH-CH,-CH2-CH(COOC2H5)2. 

This  substance  is  best  obtained,  as  explained  in  the  Introduction 
to  this  paper,  by  treating  the  sodium  compound  of  ethylic  malonate 
with  ethylene  chloride,  the  reaction  proceeding  thus — 

2(COOC2H5)2CHNa  +  CICHa-CH.Cl  = 

(COOC2H6)2CH-CH2-CH2-CH(COOCoHs)2  +  2XaCl. 

The  details  of  the  preparation  are  as  follows. 

9"2  grams  of  sodium  is  dissolved  in  120  c.c.  of  absolute  alcohol,  and 
the  solution,  when  quite  cold,  transferred  to  a  soda-water  bottle,  64 
grams  of  ethylic  malonate  and  21  grams  of  ethylene  chloride  added, 
and  the  whole  mixed  as  thoroughly  as  possible  by  shaking,  an  opera- 
tion, rendered  somewhat  difficult  on  account  of  the  separation  of  solid 
particles  of  the  sodium  compound  of  ethylic  malonate,  which  some- 
times cause  the  liquid  to  set  to  a  jelly-like  mass.  The  soda-water 
bottle  is  securely  corked  and  tied  down,  and  heated  in  a  water  bath 
at  100°  for  eight  hours ;  usually  four  to  six  such  bottles  were  heated 
at  the  same  time.  When  cold,  the  alcoholic  solution  is  carefully 
decanted  from  the  cake  of  sodium  chloride  which  has  separated,  and 
the  alcohol  distilled  off  on  a  water  bath  ;  the  residue,  together  with 
that  remaining  in  the  bottles,  is  then  mixed  with  sufficient  water  to 
dissolve  the  salt,  and  extracted  three  times  with  ether. 

The  ethereal  solution  is  well  washed  with  water,  dried  over  calcium 
chloride,  the  ether  distilled  ofF,  and  the  brownish,  oily  residue,  which 
from  four  bottles  weighs  always  about  220  grams,  is  fractioned  under 
reduced  pressure*  (40  mm.)  until  the  thermometer,  immersed  in  the 
boiling  liquid,  rises  to  150°. 

The  colourless  oil  (125  grams)  which  passes  over  consists  of  a 
mixture  of  ethylic  trimethylenedicarboxylate  with  unchanged  ethylic 
malonate ;  the  very  dark  coloured  residue  (70  grams)  which  remains 
in  the  distilling  flask  contains  ethylic  butanetetracarhoxylate.  The 
distillate  of  low  boiling  point  is  now  fractioned  under  the  ordinary 
pressure,  and  the  fraction  180 — 225°  collected  and  used  again  in  pre- 

*  In  this  and  in  subsequent  distillations,  when  the  amount  of  liquid  to  be 
fractioned  was  not  less  than  50  c.c.,  the  distillation  flasks  recommended  by 
Claisen  {Annalen,  277,  177)  were  found  to  be  very  useful,  as,  with  these,  there  is 
much  lesB  risk  of.  frothing  over  than  when  the  ordinary  fractioning  flasks  are  used. 
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paring  further  quantities  of  ethylic  butanetetracarboxylate,  the  opera- 
tion being  conducted  in  the  same  way  as  before,  except  that,  as  this 
fraction  is  assumed  to  contain  only  50  per  cent,  of  ethylic  malonate, 
the  relative  quantities  employed  are  128  grams  of  oil,  9*2  grams  of 
sodium,  and  21  grams  of  ethylene  chloride;  the  isolation  and  separa- 
tion of  the  product  into  two  fractions  is  carried  out  as  before. 

It  is  very  remarkable  that  the  yield  of  crude  ethylic  butanetetra- 
carboxylate is  now  very  much  larger  than  in  the  first  series  of 
operations ;  from  four  bottles  (in  each  of  which  128  grams  of  recovered 
oil  had  been  treated),  no  less  than  440  grams  of  oil,  boiling  above 
150°  (40  mm.),  was  obtained,  or  at  least  double  that  resulting  from 
the  treatment  of  pure  ethylic  malonate ;  and  it  is  also  noticeable  that 
the  product  obtained  in  the  second  preparation  is  not  nearly  so  dark 
coloured,  and  is  much  more  easily  purified. 

The  crude  ethylic  butanetetracarboxylate  is  now  submitted  to  frac- 
tional distillation  under  reduced  pressure  (40  mm.),  not  more  than 
100  grams  being  distilled  at  once ;  a  small  quantity  of  oil  passes  over 
below  200°,  but  the  temperature  rises  rapidly  to  230°,  between  which 
and  250°  the  principal  portion  distils  as  an  almost  colourless  oil,  a 
small  quantity  of  a  tarry  mass  remaining  in  the  flask. 

The  distillate  is  once  more  fractioned,  and  the  fraction  230 — 250° 
(40  mm.)  collected  for  use  in  subsequent  experiments ;  the  amount 
obtained  from  500  grams  of  crude  oil  boiling  above  150°  (40  mm.)  is 
about  300 — 320  grams.  That  this  oil  is  nearly  pure  ethylic  butane- 
tetracarboxylate is  shown  by  the  following  analysis. 

Theory. 
Found.  CigHjeOg. 

C   55*21  per  cent.  55"49  per  cent. 

H 7-67         „  7-51         „ 

Pure  ethylic  butanetetracarboxylate  boils  at  240 — 245°  (50  mm.) . 
The  oil  from  the  second  preparation,  boiling  below  150°  (40  mm.),  is 
fractioned  as  before  under  ordinary  pressure,  and  the  portion  boiling 
at  180 — 225°  mixed  with  one- third  of  its  weight  of  ethylic  malonate, 
and  again  treated  with  sodium  ethoxide  and  ethylene  chloride,  the 
quantities  to  be  employed  being  calculated  on  the  assumption  that 
the  mixture  now  contains  50  per  cent,  of  ethylic  malonate. 

As  the  result  of  a  number  of  experiments  it  was  found  that  this 
method  could  be  continued  apparently  indefinitely ;  after  the  first 
preparation,  the  yield  of  ethylic  butanetetracarboxylate  is  always 
very  good.  This  reaction  is  at  present  being  cai-efully  investigated 
with  a  view  to  affording  some  explanation  of  the  remarkable  series  of 
decompositions  which  evidently  take  place. 
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,       ,.       .,  CH2-C(COOH)2 

1:1:2:  2-Tet7'amethylenetetracarooxyhc  acid,   I  ^^   X/^^^t-tn  • 

^  -^  CH2-C(COOH)2 

This  acid  has  already  been  obtained  by  the  hydrolysis  of  ethylic 
tetramethylenetetracarboxylate  by  means  of  alcoholic  potash,  the 
crude  product  being  purified  by  conversion  into  the  lead  salt  (Trans., 
1887,  51,  21),  but,  in  preparing  large  quantities  of  this  acid,  this 
method  proved  too  laborious,  and  after  many  experiments  the  follow- 
ing was  adopted  as  being  the  most  convenient  and  yielding  the  purest 
product. 

In  the  first  place,  ethylic  butanetetracarboxylate  was  converted 
into  ethylic  tetramethylenetetracarboxylate  in  the  same  way  as  before, 
with  this  slight  difference,  that  in  all  cases  a  slight  excess  of  sodium 
and  of  bromine  were  employed,  so  as  to  ensure  the  product  being 
free  from  unchanged  ethylic  butanetetracarboxylate,  as  even  small 
quantities  of  the  latter  render  the  subsequent  purification  of  the 
tetramethylene  derivatives  a  matter  of  considerable  difficulty.  The 
quantities  used  in  each  operation  were,  85  grams  of  ethylic  butane- 
tetracarboxylate, 5  grams  of  sodium,  and  18  grams  of  bromine ;  the 
crude  ethereal  salt  was  isolated  as  before,  and  at  once  converted  into 
tetramethylenetetracarboxylic  acid. 

For  this  purpose,  the  crude  ethereal  salt  was  digested  on  a  water 
bath  with  1^  times  the  calculated  quantity  of  a  strong,  hot  solution  of 
pure  barium  hydroxide  ;  hydrolysis  took  place  very  rapidly,  the  liquid 
becoming  almost  solid,  owing  to  the  separation  of  insoluble  barium 
tetramethylenetetracarboxylate.  After  heating  for  two  hours,  the  mix- 
ture was  vigorously  boiled  on  a  sand  bath  for  half  an  hour,  and  the  pre- 
cipitated sandy  barium  salt  collected  by  aid  of  the  pump,  and  washed 
well  with  hot  water.  The  barium  salt  was  then  stirred  up  with  a 
quantity  of  boiling  water  and  exactly  decomposed  by  dilute  sulphuric 
acid,  great  care  being  taken  that  no  trace  of  sulphuric  acid  was  left 
in  the  product,  as  otherwise  charring  would  take  place  during  the 
subsequent  purification  of  the  anhydride  of  tetramethylenedicarb 
oxylic  acid  (p.  582)  by  distillation. 

The  filtrate  from  the  barium  sulphate  was  evaporated  to  a  small 
bulk  on  a  water  bath  and  allowed  to  stand,  when,  after  some  days, 
beautiful  colourless  crystals  of  nearly  pure  tetramethylenetetracarb- 
oxylic acid  separated.  These  were  collected  by  aid  of  the  pump, 
drained  on  a  porous  tile,  dissolved  in  a  small  quantity  of  water, 
and  the  solution  allowed  to  concentrate  over  sulphuric  acid  in  a 
vacuum. 

The  magnificent  glistening  crystals  which  formed  were  collected 
and  exposed  to  the  air  for  some  days ;  they  then  contained  two  mole- 
cules of  water  of  crystallisation. 
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Found. 

; * ^  Theory, 

I.  II.  CsFgOs  +  2H2O. 

H2O 13-50         13-58  13-43 

These  crystals  lose  their  water  of  crystallisation  rapidlj  at  100', 
and  more  slowly  in  a  desiccator  over  sulphuric  acid  in  a  vacuum, 
becoming  quite  opaque.    For  analysis  the  substance  was  dried  at  100°. 

Theory. 
Found.  CsHrOs- 

C 41-38  per  cent.  41*38  per  cent. 

H 3-60         „  3-45 

When  heated  rapidly  in  a  capillary  tube,  tetramethylenetetracarb- 
oxylic  acid  decomposes  at  about  198 — 203°  with  evolution  of  carbonic- 
anhydride,  and  formation  of  tetramethylenedicarboxylic  acid  (or  its 
anhydride),  but  small  quantities  of  impurity  and  also  the  rapidity  of 
heating  very  much  influence  the  observed  decomposing  point ;  the 
temperatux-e  145 — 150°,  previously  given  {loc.  cit.,  p.  22),  is  certainly 
much  too  low. 

It  dissolves  very  readily  in  water,  alcohol,  and  ether,  and  behaves 
in  all  respects  like  a  saturated  acid.  Its  solution  in  sodium  carbonate 
does  not  decolorise  permanganate,  even  on  long  standing. 

The  silver  salt  of  tetramethylenetetracarboxylic  acid  was  obtained 
as  a  white,  amorphous  precipitate  on  adding  silver  nitrate  to  a  faintly 
alkaline  solution  of  the  ammonium  salt;  it  was  collected,  washed 
well  with  water,  and  dried  over  sulphuric  acid  in  a  vacuum.  This- 
salt  decomposes  very  suddenly  when  heated,  leaving  a  voluminous" 
mass  of  spongy  silver.  For  combustion  it  was  intimately  mixed  with 
finely  divided  copper  oxide,  and  the  silver  was  determined  in  the  wet 
way  by  Carius'  method. 

Theory. 
Found.  C8H4Ag408. 

C 14-36  per  cent.  14'54  per  cent. 

H 0-82         „  0-60 

Ag    65-40        „  65-45 

The  neutral  solution  of  the  ammonium  salts  shows  the  following 
behaviour  with  reagents : — Lead  acetate,  a  white,  amorphous  precipi- 
tate ;  barium  nitrate,  a  white,  gelatinous  precipitate  ;  calcium  chloride^ 
no  precipitate;  copper  sulphate,  no  immediate  pi'ecipitate ;  but  on 
standing  the  copper  salt  gradually  separates  as  a  light  blue  pre- 
cipitate-*- 

Cis-Tetramethylenedicarhoxylic  anhydride,   i         1  j.        >0. 

This  may  be  readily  obtained  from  the  crude  tetramethylenetetra- 
carboxylic acid  prepared  as  described  above.     For  this  purpose  tie 
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filtrate  from  the  barium  sulphate  is  evaporated  to  dryness,  and  the 
syrupy  mass  thus  obtained  is  heated  in  an  oil  bath  at  200°  until  the 
evolution  of  carbonic  anhydride  has  ceased ;  the  dark  brown  residue 
is  then  digested  with  three  times  its  volume  of  acetyl  chloride  for 
two  hours,  the  excess  of  acetyl  chloride  and  acetic  acid  distilled  off, 
and  the  crude  tetramethylenedicarboxylic  anhydride  purified  by  frac- 
tionation under  reduced  pressure  (160  mm.).  If  the  product  is  free 
from  adipic  acid  (arising  from  the  decomposition  of  butanetetracarb- 
oxylic  acid  present  in  the  crude  tetramethylenetetracarboxylic  acid, 
loc.  cit.,  p.  20)  the  whole  distils,  after  twice  fractioning,  between 
210 — 212°  as  a  colourless  oil,  which  solidifies  completely  on  cooling, 
and  consists  of  pure  tetramethylenedicarboxylic  anhydride.  This 
substance  is  difficult  to  burn,  and  requires  a  very  hot  tube,  the  com- 
bustion being  conducted  very  slowly.     The  following  results  were 

obtained. 

Found. 


I. 

II. 

Theory. 
CeHeOg. 

•15 

57^10  per  cent. 

57*14  per  cent. 

•03 

4^89 

4-76        „ 

C 5715 

H 

It  is  difficult  to  decide  vy^hat  the  correct  melting  point  of  this  an- 
hydride  is.  Using  the  products  from  different  preparations,  it  was  ob- 
served on  several  occasions,  that  when  the  melted  substance  is  stirred 
"with  a  thermometer  as  the  mass  gradually  solidifies,  the  temperature 
remains  constant  at  71°.  If,  however,  a  strong  solution  of  this  an- 
hydride in  acetyl  chloride  is  allowed  to  slowly  evaporate  over  potash, 
beautiful,  colourless  crystals  are  deposited,  vfhich  melt  at  about  77°, 
this  then  probably  represents  the  correct  melting  point  of  the  sub- 
stance, and  agrees  closely  with  that  previously  found  (76 — 78°). 
When  melted  on  a  vs^atch  glass,  the  anhydride  gives  off  vapours  which 
are  very  irritating  to  the  throat  and  produce  violent  coughing ;  it 
distils,  under  ordinary  pressures,  almost  without  decomposition,  at 
about  270—273°. 

The  pure  anhydride  dissolves  only  very  slowly  in  cold  water,  but 
readily  on  warming,  with  formation  of  cis-tetramethylenedicarboxylic 
acid.     It  is  readily  soluble  in  alcohol  and  ether. 

H     COOH 

\/ 
CTT*  P 

Cis-TetrametTiylenedicarhoxylic  acid,    \      ~  \  • 

CH2*C 
/\ 
H     COOH 

When  tetramethylenedicarboxylic  anhydride  is  dissolved  in  a  little 
boiling  water,  and  the  solution  allowed  to  concentrate  over  sulphuric 
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acid  in  a  vacuum,  as-tetramethylenedicarboxylic  acid  gradually 
crystallises  in  magnificent  transparent  plates.  These  were  freed  as 
far  as  possible  from  the  thick  mother  liquor  by  filtration  on  a  pump, 
dx'ained  on  a  porous  tile,  and  recrystallised  from  a  small  quantity  of 
water,  or  from  hydrochloric  acid.     For  analysis,  the  substance  was 

dried  at  100°. 

Found. 

, ^ .^  Theory. 

I.  II.  C4H6(COOH)2. 

C 49-91         50-05  per  cent.  50-00  per  cent. 

H 5-62  5-70       „  5-56 

This  acid  melts  at  137 — 138°  and  not  at  130°  as  previously 
stated;  it  is  very  readily  soluble  in  water,  but  much  more  spar- 
ingly in  concentrated  hydrochloric  acid,  from  which  it  crystallises 
well.  The  dissociation  constant  for  the  electric  conductivity  of  this 
acid  was  kindly  determined  by  Dr.  Walker,  who  obtained  the  result 
K  =  0*0066 ;  this  value  is  identical  with  that  for  succinic  acid,  and 
very  much  lower  than  that  of  the  corresponding  cis-pentamethylene- 
dicarboxylic  acid  (K  =  0-0158). 

Tetramethylenedicarboxylic  acid  has  all  the  properties  of  a  satu- 
rated acid ;  its  solution  in  sodium  carbonate  does  not  decolorise  per- 
manganate, even  on  long  standing,  and,  on  boiling,  action  only  takes 
place  very  slowly. 

When  treated  with  bromine  and  amorphous  phosphorus  it  readily 
yields  dibromotetramethylenedicarboxylic  acid,  thus — 
CH/CH-COOH  ^  CHa-CBr-COOH 

CHj-CH-COOH  "^       ''  ~  CH^-CBr-COOH  "^  ' 

a  decomposition  which  is  at   the   present  time    being  carefully  in- 
vestigated. 

Methi/lic  Salt  of  Cis-Tetramethylenedicarhoxylic  acid. — In  preparing 
large  quantities  of  cis-tetramethylenedicarboxylic  acid,  the  method 
usually  employed  was  to  heat  the  crude  tetrabasic  acid  at  200°  until 
carbonic  anhydride  ceased  to  be  evolved,  and  then  to  dissolve  the 
dark-brown  residue  in  methyl  alcohol  and  by  the  addition  of  sul- 
phuric acid,  or  by  saturating  with  hydrogen  chloride,  to  convert  the 
whole  into  the  methylic  salt.  After  two  days,  the  product  was  poured 
into  water,  the  oil  which  separated  extracted  with  ether,  the  ethereal 
solution  washed  well  with  water  and  dilute  sodium  carbonate  solu- 
tion, dried  over  calcium  chloride,  and  the  ether  distilled  off.  The 
residual  oil  on  fractionation  under  reduced  pressure  (80 — 100  mm.) 
distilled  fairly  constantly  at  about  185°. 

Theory. 
Found.  C^UbCCOOCHs),. 

C 55-48  per  cent.  65-81  per  cent. 

H 7-11         „  6-98 
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Methylic  cis-tetramethylenedicarboxylate  is  a  colourless,  pleasant; 
smelling'  oil,  which  distils  with  very  slight  decomposition  under 
ordinary  pressures  at  about  225°;  the  corresponding  ethylic  salt  has 
already  been  described  (Trans.,  1887,  51,  23),  and  boils  at  238—242° 
(720  mm.). 

(7w-tetramethylenedicarboxylic  acid  is  prepared  from  the  methylic 
salt  by  digesting  it  with  an  excess  of  alcoholic  potash  for  one  hour ;  the 
product  is  dissolved  in  water,  evaporated  till  free  from  alcohol,  acidi- 
fied, and  the  clear  solution  extracted  three  times  with  pure  ether. 
The  ethereal  solution,  after  drying  over  calcium  chloride,  deposits 
the  acid  as  a  colourless  oil,  which  solidifies  completely  on  cooling, 
and  may  then  be  purified  by  recrystallisation  from  hydrochloric  acid. 

Diamide  of  TetrcimethylenedicarhoxyUc  acid,   I  „    l,^  ^^"  „  .  This 
•'  -^  i/  '  CH2-CH-CONH2 

substance  is  very  readily  prepared  by  leaving  the  methylic  salt  of 
the  acid  in  contact  with  concentrated  aqueous  ammonia :  after 
standing  for  24  hours,  the  aqueous  layer  is  decanted  from  the  crys- 
talline cake  which  has  formed,  and  the  latter  is  purified  by  recrystal- 
lisation from  water.  The  diamide  separates  from  its  hot,  concentrated, 
aqueous  solution,  on  cooling,  in  magnificent,  colourless,  transparent 
prisms,  which  are  readily  soluble  in  hot  water  and  alcohol,  but  only 
sparingly  in  these  solvents  in  the  cold  ;  it  melts  at  about  228°,  and 
when  strongly  heated,  gives  off  ammonia,  and  a  crystalline  substance 
distils  which  is  probably  the  corresponding  iniide. 
Analysis. 

Theory. 
Found.  C6H:,o02N'2 

N 19'79  per  cent.  1970  per  cent. 

JPhenylimide  of  Tetraniethylenedicarboxylic  acid, 
CH,.CH.CO 

is  readily  prepared  by  heating  a  mixture  of  the  anhydride  of  the  acid 
with  excess  of  pure  aniline  for  about  10  minutes  to  boiling.  The 
product  is  poured  into  a  large  volume  of  dilute  hydrochloric  acid,  to 
remove  excess  of  aniline,  and  the  solid  mass  which  separates  is 
collected,  washed  with  water,  and  recrystallised  first  from  SOp^^rcent. 
alcohol,  and  then  from  methyl  alcohol.  The  magnificent  glistening- 
needles  thus  obtained  were  dried  at  100^  and  analysed  with  the 
following  result. 

Found. 

f '• >!  Theory. 

I.         ■      II.  C,oH„NO,,. 

C 7174  —   per  C3nt.  ri"64  per  cent. 

H.. 575  —        „  5-47        „ 

N 6-45        677      „  G  9G 
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This  substance  is  formed  according  to  the  equation 

It  melts  at  127°,  and  crystallises  so  readily  that  it  serves  as  a  valuable 
means  of  identifying  tetramethylenedicarboxylic  acid.  It  is  easily 
soluble  in  methyl  and  ethyl  alcohol  and  in  benzene,  very  sparingly 
in  light  petroleum  and  cold  water;  hot  water,  however,  dissolves  it 
more  readily,  and,  on  cooling,  deposits  it  in  magnificent  glistening 
needles.  It  also  crystallises  well  from  a  mixture  of  benzene  and  light 
petroleum,  or  from  50  per  cent,  alcohol.  When  heated  in  small 
quantities  in  a  test-tube  it  distils  without  decomposition. 

HOOC   H 
\/ 

Trans- Tetramethylenedicarboxylic  acid,      y    **  i 

CHa-C 
/\ 
H    COOH 

This  interesting  acid  was  obtained  by  heating  cis-tetramethylene- 
dicarboxylic  acid  with  concentrated  hydrochloric  acid  for  3 — 4  hours 
at  190°;  the  product,  which  contained  crystals,  and  also  some  specks 
of  carbon,  was  heated  to  boiling  to  dissolve  the  crystals,  filtered,  and 
the  filtrate  evaporated  to  a  small  bulk,  and  allowed  to  stand  for 
24  hours ;  the  crystals,  which  had  separated,  were  then  collected  and 
recrystallised  3  or  4  times  from  hydrochloric  acid  with  the  addition 
of  animal  charcoal.  In  this  way,  the  pure  ^rans-acid  was  obtained 
in  beautiful,  colourless  needles,  which,  after  drying  at  100",  gave 
the  following  results  on  analysis. 

Found.  Theory. 

C 49-82  per  cent.  50-00  per  cent. 

>    H 5-57        „  5-56 

Traw«-tetramethylenedicarboxylic  acid  melts  at  131°,  or  about  7° 
lower  than  the  cts-modification,  from  which  it  differs  in  a  marked 
manner  in  many  important  particulars. 

The  as-acid  is  very  readily  converted  into  an  anhydride.  It  is  only 
necessary  to  boil  it  with  acetyl  chloride  for  five  minutes  to  completely 
convert  it  into  its  anhydride,  which  is  deposited  in  beautiful  crystals, 
melting  at  about  75°,  when  the  excess  of  acetyl  chloride  is  allowed  to 
evapoi-ate  over  potash  in  a  vacuum  desiccator. 

Under  exactly  similar  conditions,  the  trans-SiCid  remains  quite 
unacted  on,  and,  even  when  heated  at  160°  with  excess  of  acetyl 
chloride,  in  a  sealed  tube  for  one  hour,  no  anhydride  appears  to  be 
formed,  as  was  shown  by  the  fact  that  the  crystals  which  separated 
as  the  acetyl  chloride  evaporated  melted  at  127 — 129°,  and  were  very 

VOL.  LXV.  2   s 
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readily  soluble  in   water.     An   analysis  showed  that  these  crystals 
consisted  of  unchanged  acid. 

.'   v  Theory. 

Found.  C4H6(COOH)2. 

C 49"61  per  cent.  50*00  per  cent. 

H 5-72        „  5-56 

When,  however,  iraws-tetramethyleuedicarboxylic  acid  is  repeatedly 
distilled  under  ordinary  pressures,  elimination  of  water  does  gradually 
take  place,  and,  after  four  distillations,  the  product  has  the  appear- 
ance of  the  anhydride  of  the  cis-acid  ;  it  melts  for  the  most  part  at 
70°,  but  a  small  quantity  is  always  left  which  does  not  melt  until  a 
higher  temperature ;  this  experiment  therefore  seems  to  show  that 
i?-a«s-tetramethylenedicarboxylic  acid  on  distillation  is  converted 
partially  into  the  anhydride  of  the  cis-acid. 

Dr.  Walker  also  found  that  the  cis-  and  ^rans-acids  had  very 
different  dissociation  constants,  for  the  cis -acid  (m,  p.  138°) 
K  =  0"0066,  whereas  in  the  case  of  the  trans-acid  (m.  p.  130 — 131°) 
the  constant  found  was  K.  =  0"0028. 

HOOC    H 
\/ 

Trans-Pentamethylenedicarhoxylic  acid,  CH2<^  '  * 

/\ 

H    COOH 

In  investigating  this  acid,  it  was  found  that  the  method  of  prepar- 
ing it  previously  adopted  (Trans.,  1887,  51,  244)  was  not  altogether 
satisfactory,  the  purification  of  the  crude  product  by  conversion  into 
the  ethylic  salt  as  there  described  being  attended  with  unnecessary 
loss  of  time  and  material. 

After  many  experiments,  the  best  yield  of  acid  was  obtained  by 
modifying  the  process  in  the  following  way.  The  crude  ethylic 
pentamethylenetetracarboxylate,  obtained  by  the  action  of  bromine 
on  the  disodium  compound  of  ethylic  pentanetetracarboxylate,  was 
dissolved  in  glacial  acetic  acid  (2 — 3  vols.),  concentrated  sulphuric 
acid  (1  vol.)  and  water  (1  vol.)  added,  and  the  whole  heated  in  a 
reflux  apparatus  for  about  two  days,  until  hydrolysis  was  complete, 
as  shown  by  the  fact  that  a  drop  of  the  liquid  dissolved  in  much 
water  form  a  clear  solution. 

A  rapid  current  of  steam  was  then  passed  into  the  boiling, 
brownish  liquid  until  the  odour  of  acetic  acid  was  no  longer  ap- 
parent, and  the  product  allowed  to  remain  for  two  days  in  a  cool 
place.  At  the  end  of  this  time,  the  brownish,  crystalline  crust  which 
bad  separated  was  collected,  washed  with  a  little  water,  and  purified 
by  crystallisation  from  water  with  the  aid  of  animal  charcoal.     Pare 
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;?rans-peiitamethylenedicarboxylic  acid  was  thus  readily  obtained  as 
a  colourless,  sandy,  crystalline  powder,  wbicli,  after  drying  at  100°, 
melted  at  160°  and  gave  the  following  results  on  analysis. 

Theory. 
Found.  CaHsCCOOH)^. 

C 53'10  per  cent.  53"  16  per  cent. 

H 6-37        „  6-33 

The  dark-coloured  mother  liquors  separated  from  the  crystalline 
acid,  if  extracted  with  ether,  yield  a  further  quantity  of  crude 
acid,  which  is,  however,  somewhat  difficult  to  -purify,-  -and  is  best 
employed  in  the  preparation  of  the  anhydride  of  the  cis-acid  (see 
below). 

The  hydrolysis  of  ethylic  pentamethylenetetracarboxylate  by  the 
above  method  is  attended  with  the  loss  of  2  mols.  of  carbonic 
anhydride,  and  the  direct  formation  of  iraws-pentamethylenedicarb- 
oxylic  acid. 

+  2CO2  +  4>C^U,^0H. 

The  yield  of  acid  obtained  in  this  way  is  certainly  better  than  that 
previously  obtained,  and,  as  the  operation  takes  less  time,  it  was 
adopted  in  preparing  the  acid  required  for  this  research. 

The  properties  of  ^raws-pentamethylenedicarboxylic  acid  have 
already  been  given  (Trans.,  1887,  51,  246)  ;  in  addition,  it  should  be- 
mentioned  that  the  solution  of  the  acid  in  sodium  carbonate  does  not 
decolorise  permanganate  in  the  cold,  and  only  very  slowly  on  boiling  ; 
the  behaviour  of  the  acid  when  treated  with  bromine  and  phosphorus 
is  being  investigated. 

Anhydride  of  Gis-PentamethylenedicarhoxyUc  acid, 
CH,.CH.CO 

In  view  of  Baeyer's  suggestion  (Annalen,  257,  179),  that  trans- 
pentamethylenedicarboxylic  acid  should  yield  an  anhydride  isomeric 
with,  and  readily  convertible  into,  the  anhydride  of  the  as-acid^ 
very  careful  experiments  on  the  action  of  acetyl  chloride  on  this  acid 
were  made  with  the  following  results. 

The  acid  was  somewhat  sparingly  soluble  in  cold  acetyl  chloride,  but 
dissolved  readily  on  warming ;  the  solution  was  heated  to  boiling  in 
a  reflux  apparatus  for  half  an  hour,  but  no  formation  of  anhydride 
took  place,  and  on  distilling  off  the  bulk  of  the  acetyl  chloride  and 
allowing  the  solution  to  stand  over  potash  under  reduced  pressure^ 

2  8  2 
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the  unchanged  acid  crystallised  out  in  nodular  masses  melting  at 

155—158°. 

A  second  experiment,  in  which  the  solution  of  the  acid  in  acetyl 

chloride  was  heated  at  100°  in  a  sealed  tube  for  one  hour,  gave  a 

similar  result,  as  is  shown  by  an  analysis  of  the  crystals  melting  at 

154 — 156°,  which  were  obtained  by  allowing  the  product  to  evaporate 

over  potash  in  a  desiccator. 

Theory. 
Found.  C-JIi,{C06H)^. 

C 52"51  per  cent.  53'16  per  cent. 

H 6-45        „  6-33 

In  the  next  experiment,  the  acid  was  heated  in  a  sealed  tube 
with  a  large  excess  of  acetyl  chloride  at  140°  for  about  one  hour. 
On  opening  the  tube,  considerable  pressure  was  observed,  and  the 
almost  colourless  liquid,  on  evaporation,  deposited  a  thick  oil ;  this 
on  standing  over  potash  for  a  few  days,  deposited  a  quantity  of 
colourless  crystals  which  were  collected  by  the  aid  of  the  pump,  and 
freed  from  adhering  mother  liquor  by  placing  them  on  a  porous  tile. 
They  melted  at  70 — 72°,  and  consisted  of  the  anhydride  of  the  cis-acid 
(see  below). 

In  order  to  be  sure  that  the  isomeric  anhydride  of  the  /raw.s-acid 
was  not  contained  in  the  mother  liquors  from  these  crystals,  the 
thick,  somewhat  dark -col  cured,  filtrate,  was  dissolved  in  warm  dilute 
potash,  the  solution  filtered,  acidified,  and  allowed  to  stand  in  a  cool 
place.  The  beautiful  colourless  crystals  which  separated  melted  at 
140 — 141°,  and  consisted  of  pure  cts-pentamethylenedicarboxylic  acid, 
no  trace  of  the  irans-aciA  being  present.  It  appears  certain,  there- 
fore, that  no  anhydride  of  the  trans-a.cid  is  formed  under  the  condi- 
tions observed  in  the  above  experiments. 

The  best  method  of  preparing  the  anhydride  of  c/s-pentamethylene- 

dicarboxylic   acid   in   quantity   is    to   digest   the   crude    ^raws-acid, 

obtained  as  explained  on  p.  587,  with  acetic  anhydride  for  two  hours, 

^and  then  to  fraction  the  pi-oduct  under  reduced  pressure  (160  mm.). 

After  two  distillations,  the  whole  passes  over  at  about  220°  as  an 

almost  colourless  oil,  which,  on  cooling,  sets  to  a  semi-solid  gelatinous 

mass ;  this,  after  a  time,  gradually  becomes  crystalline.     Althongh 

this  substance  distils  at  a  constant  temperature,  it  is  not  quite  pure, 

but  contains,  apparently,  small  quantities  of  unchanged  acid,  as  the 

following  analysis  shows. 

Theory. 

/- 

Found. 

O 58-91  per  cent. 

H 6-22 

If,  however,  it  is  dissolved  in  twice  its  volume  of  acetic  anhydi-ide, 


CsHgCjOs. 

CiHsCCOOH).,. 

60-00 

53-16  per  cent, 

5-71 

6-33       „ 

OF   1  :  2-TETRAMETHYLEXEDICARBOXYLIC   ACID,   ETC.        589 

and  the  solvent  allowed  to  evaporate  gradually  over  potash,  under 
reduced  pressure,  the  pure  anhydride  separates  in  magnificent,  hard, 
colourless,  tabular  prisms  ;  these  were  collected,  washed  with  a  little 
acetic  anhydride,  and  analysed. 

Found. 

( * s  Theory. 

J.  II.  CjHgCsOa. 

C 59-95         59-96  per  cent.  6000  per  cent. 

H 5-98  6-12         „  5-71 

The  anhydride  of  cis-pentamethylenedioarboxylic  acid  melts  at 
about  73°  to  a  colourless  oil,  which,  on  cooling,  sets  to  a  semi-trans- 
parent gelatinous  mass  of  about  the  consistency  of  paraffin  wax. 
When  rubbed  with  a  glass  rod,  or  touched  with  a  crystal  of  the 
anhydride,  it  gradually  crystallises  in  a  very  characteristic  manner, 
and  it  is  interesting  to  note  that  the  anhydride  of  cis-hexahydro- 
phthalic  acid  behaves  in  a  similar  way  when  melted  and  allowed  to 
solidify  (Baeyer,  Annalen,  258,  219). 

The  anhydride  of  ctVpentamethylenedicarboxylic  acid  is  insoluble 
in  and  only  very  slowly  attacked  by  cold  water,  but  it  dissolves 
readily  on  boiling,  and  on  cooling,  if  the  solution  be  sufficiently  con- 
centrated, the  CTs-acid  separates  in  beautiful,  glistening  needles.  The 
anhydride  is  readily  soluble  in  ether,  alcohol,  or  benzene,  but  only 
sparingly  in  light  petroleum. 

In  the  previous  paper  on  pentamethylenedicarboxylic  acid  (Trans., 
1887,  51,  24S),  it  was  mentioned  that  this  acid,  if  heated  at  300°  and 
subsequently  distilled,  yielded  an  anhydride  melting  at  64 — 67°.  This 
observation  is  correct,  but  the  substance,  after  recrystallisation  from 
acetic  anhydride,  melts  at  72 — 73°. 

CO 

Fhenylimide  of  Pentamethylenedicarboxylic  acid,  C5He<^pj^]>N''C6H5. 

In  order  to  prepare  this  substance,  the  anhydride  of  ci«-penta- 
methylenedicarboxylic  acid  was  heated  to  boiling  with  excess  of 
aniline  for  about  15  minutes,  the  product  poured  into  water,  excess 
of  dilute  hydrochloric  acid  added,  and  the  whole  well  stirred  until 
the  oily  drops  had  completely  solidified.  The  brownish  product  was 
readily  purified  by  recrystallisation  once  from  dilute  methyl  alcohol, 
and  twice  from  a  mixture  of  benzene  and  light  petroleum. 

Theory. 
Found.  CisHisNOj. 

N 6"90  per  cent.  6*51  per  cent. 

This  phenylimide  is  sparingly  soluble  in  cold  water,  more  readily 
in  hot,  crystallising  from  the  solution  as  it  cools  in  magnificent, 
glistening  needles,  which  melt  at  89°.     It  dissolves  readily  in  alcohol, 
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benzene,  and  acetic  acid,  but  is  only  sparingly  soluble  in  light 
petroleum.  When  rapidly  heated  in  small  quantities,  it  distils  with- 
out decomposition,  the  distillate  solidifying  to  hard,  transparent 
balls,  which  remain  in  this  condition  sometimes  for  days,  but  crystal- 
lise at  once  when  touched  with  a  crystal  of  the  substance. 

H    COOH 
\/ 

Gis-Pentamethylenedicarboxylic  acid,  CH2<[  i 

/\ 

H    COOH 

In  order  to  prepare  this  acid,  the  anhydride  just  described  was 
dissolved  in  dilute  potash,  and  the  con^centrated  solution  acidified 
and  allowed  to  stand ;  the  long,  needle-shaped  crystals  which  sepa- 
rated were  then  collected,  and  recrystallised  twice  from  water. 

The  analysis  of  the  pure  substance,  dried  at  100°,  gave  the  follow- 
ing results. 

Found. 

f ^ ,  Theory. 

I.  II.  CsHsCCOOH),. 

C 53'04         5310  per  cent.         5316  per  cent. 

H 6-42  6-40         „  6-33       „ 

(7tVpentamethyIenedicarboxylic  acid  melts  at  140°,  and  is,  at  this 
temperature,  gradually  converted  into  its  anhydride  with  loss  of 
water,  the  change  taking  place  very  rapidly  at  150 — 160°. 

It  is  much  more  readily  soluble  in  water  than  the  ^raws-modifica- 
tion, and  crystallises  from  the  hot  concentrated  solution  in  beautiful, 
colourless  needles,  whereas  the  trans-Sicid  is  deposited  in  the  form  of 
a  sandy,  crystalline  powder,  the  difference  in  appearance  being,  in 
fact,  very  much  the  same  as  in  the  case  of  male'ic  and  fumaric  acids. 

The  cis-acid  is  readily  soluble  in  acetyl  chloride,  and,  on  heating  the 
solution  at  100°,  it  seems  to  be  quantitatively  converted  into  its 
anhydride,  which  crystallises  in  plates  when  the  product  is  allowed 
to  evaporate  over  potash  in  a  vacuum. 

The  czs-acid  maybe  readily  converted  into  the  trans-&cid  by  heating 
it  with  hydrochloric  acid  at  180°  for  two  hours ;  the  sealed  tube  in 
which  the  experiment  was  conducted  was  found  to  be  filled  with  hard 
crystals,  somewhat  discoloured  by  specks  of  charcoal.  The  contents 
of  the  tube  were  warmed  with  water  until  the  crystals  had  completely 
dissolved,  and  the  solution  filtered ;  on  standing,  the  pure  trans-acid 
was  deposited  as  a  sandy  powder,  which,  after  recrystallisation, 
melted  at  160°,  and,  on  analysis,  gave  the  followifag  results. 

Theory. 
Found.  C5Hs(COOH)2. 

C  .  , 5321  per  cent.  6316  per  cent. 

H 6-36        „  633 


ACTION  OF  HEXAMETHYLENE  DIBROMIDE  ON  SODIUM,  ETC.      591 

As  far  as  could  be  judged  from  a  small  experiment,  the  conversion 
of  the  CIS-  into  the  ^ra«5-modification  by  heating  with  hydrochloric 
acid  was  complete. 

Chemical  Laboratory, 

Owens  College, 

Manchester. 


XL VIII. — Hexamethylene  Dibromide  and  its  Action  on 
Sodium  and  on  Ethylic  Sodio-malonate. 
By  E.  Haworth,  B.Sc,  and  W.  H.  Perkin,  Jun. 

At  the  present  time,  little  is  known  as  to  the  existence  and  stability 
of  closed  carbon  chains  containing  more  than  6  carbon  atoms. 

A  substance  containing  an  8  or  9  carbon  chain  is  not  known  to 
exist,  but  there  is  strong  evidence  that  saturated  compounds  contain- 
ing a  ring  of  7  carbon  atoms,  that  is,  derivatives  of  heptamethylene, 

PTT  'PIT  'PTT 
CHj-c^  1      ,  are  not  only  capable  of  existence,  but  that  they 

show  a  degi'ee  of  stability  which  does  not  appear  to  fall  short  of  that 
of  the  dex'ivatives  of  tetra-,  penta-,  and  hexa-methylene. 

It  is  a  well  known  fact  that  suberic  acid,  when  distilled  with  limcj 
yields  suberone,  CeHijCO  (Boussingault,  Annalen,  19,  308  ;  Dale,  and 
Schorlemmer,  Ber.,  7,  806 — 808),  and  there  can  be  little  doubt  that 
the  constitution  of  this  well  characterised  ketone  must  be  represented 

by  the  formula  C0<^  •      ,    that   it  is,  in   fact,   ketohepta- 

C  H2'  C  Hj*  G  xij 

methylene. 

Many  reasons  might  be  given  in  support  of  this  view,  but  the  fol- 
lowing only  need  be  mentioned  here. 

In  the  first  place,  the  constitution  of  suberic  acid  has  lately  been 
proved  by  Crum  Brown  and  Walker  (^Annalen,  261,  119),  who  suc- 
ceeded in  synthesising  the  ethylic  salt  of  this  acid  by  submitting 
potassium  ethylic  glutai-ate  to  electrolysis. 

2CH2<^g^J.gg^^^^*  =  COOC^Ho-CCH^le-COOaHs  -f  2K  -|-  2CO2. 

Now  in  the  formation  of  suberone  from  this  acid,  by  the  loss  of 
water  and  carbon  dioxide,  the  simplest  way  to  represent  the  decom- 
position is  obviously  the  following. 

CH2-CH2-CH2-COOH  _  CH^-CH^-CH,  .    tx  O  +  TO 
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That  the  reaction  really  takes  place  in  this  way  is  rendered  veiy 
probable  by  the  recent  work  of  Baeyer  (Annalen,  278,  110)  and  of 
Wislicenus  and  his  pupils  (Annalen,  275,  309),  the  results  of  which 
show  that  the  lower  homologues  of  suberic  acid,  that  is,  adipic  acid 
and  pimelic  acid,  when  distilled  with  lime,  yield  ketopentamethylene 
and  ketohexamethylene  respectively, 

two  ketones  which,  in  their  properties,  show  the  closest  resemblance 
to  suberone. 

On  oxidation,  ketopentamethylene,  ketohexamethylene,  and  suberone 
yield  glutaric,  adipic,  and  pimelic  acids  respectively,  the  acid  in  each 
case  containing  the  same  number  of  carbon  atoms  as  the  ketone  from 
which  it  is  derived. 

As,  in  deciding  the  constitution  of  suberone,  it  is  of  the  greatest 
importance  to  prove  the  constitution  of  the  pimelic  acid  which  this 
ketone  yields  on  oxidation,  Wislicenus  and  Mager  (Annalen,  llb^ 
356)  compared  it  very  carefully  with  normal  pimelic  acid  prepared 
from  pentanetetracarboxylic  acid  (Trans.,  1887,  51,  242),  with  the 
result  that  the  acids,  as  had,  indeed,  been  previously  supposed,  were 
proved  to  be  identical. 

Suberone  must  therefore  be  ketoheptamethylene,  its  oxidation  to 
pimelic  acid  being  represented  thus — 

.        CH,-CH2-CH,  4.  oo  _  CH.-CH,-COOH 

CH^-CH^-CH^-^        "^  CH^-CHj-CHa-COOH ' 

None  of  the  other  formulae  which  have  been  proposed,  such  as,  for 
example,  that  of  methylketohexamethylene, 

PTT  ^^^"i U-tl2' — p/-w 

^^^^CH2-CH(CH3)^^^' 
could  yield  normal   pimelic  acid   on  oxidation,  unless,  indeed,  the 
oxidation  be  assumed  to  proceed  in  a  very  complicated  manner. 

Further  evidence  of  the  existence  of  heptamethylene  compounds 
was  obtained  bj  Kipping  and  Perkin  (Trans.,  1891,  59,  214)  in  the 
course  of  their  experiments  on  diacetylpentane.  This  diketone, 
when  reduced,  in  moist  ethereal  solution,  with  sodium,  yields  as  prin- 
cipal product  dimethyldihydroxyheptamethylene  according  to  the 
equation 

■    ^^*^CH,-CH,-C0-CH3  +  ^^-  ^^^^CH,-CH.-C(0H)-CH3' 

the  reduction  taking  place  in  the  same  way  as  in  the  formation  of 
pinacone  from  acetone. 

This  dihydroxy-compound,  when  heated  with  hydriodic  acid  and 
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amorphous  phosphorus,  yielded  the  corresponding  hydrocarbon,  di- 

methylheptamethylene,  CH2<^^        '  i  ^      The  constitutions 

of  these  compounds  are  very  fully  discussed  in  the  paper  referred  to, 
and  there  can  scarcely  be  a  doubt  that  the  formulae  proposed  best 
represent  the  reactions  of  the  substances,  which  therefore  must  be 
regarded  as  derivatives  of  heptamethylene. 

In  a  recent  paper  (J.  pr.  Chem.,  49,  iJ7),  A.  Michael  considers  it 
probable  that  the  substance  dimethyldihydroxyheptamethylene  may 
have  the  constitution  represented  by  the  formula 

p„  ^CH2-CH-CH(OH)-CK3 
^^^^CH2-CH2>C(OH)-CH3     ' 
but  it  is  very  difficult  to  see  how  such  a  compound  could  possibly  be 
formed  by  the  reduction  of  diacetylpentane,  and  this  formula  cannot, 
therefore,  be  accepted  until  some  experimental  proof  of  its  accuracy 
has  been  deduced. 

As  suberone  and  dimethyldihydroxyheptamethylene  are,  so  far,  the 
only  known  substances  which  contain  a  7-carbon  ring,  it  appeared 
to  us  that  it  would  be  interesting  to  prepare  other  compounds  of  this 
class,  and  for  this  purpose  it  was  thought  best  to  employ  the  method 
wbich  has  been  used  with  success  in  the  formation  of  other  closed 
carbon-chain  compounds. 

If  the  sodium  compound  of  ethylic  malonate  be  digested  with 
hexamethylenedibromide,  arguing  from  analogy,  the  reaction  should 
proceed  as  follows, 

2CHNa(COOC2H5)a  +  BrCH2-CH2-CH2-CH2-CH2-CH2Br  = 
PTT  'PTT  'PTT 
I  „'        '  _„>C(COOC.H,).  +  CH,(COOC.H5)2  +  2NaBr, 

Ethylic  1 :  l-heptamethylenedicarboxylate. 
and  this  ethereal  salt,  on  hydrolysis,  should  yield  the  corresponding 
heptamethylenedicarboxylic  acid,  which,  when   distilled,  would   be 
converted  into  heptamethylenecarboxylic  acid  with  loss  of  carbonic 
anhydride. 

§h'.ch'ch>^(°°°«>=  in^oH^oH^CH-cooH  +  CO,. 

When  these  experiments  were  in  contemplation,  hexamethylene 
dibromide  had  not  been  prepared,  and  for  a  long  time  the  attempts  to 
obtain  it  were  unsuccessful ;  ultimately,  however,  the  following 
method  was  found  to  give  satisfactory  results. 

a)<t>i-Chlorobromopropane(trimethyleneclilorobromide),  when  treated 
in  alcoholic  solution  with  sodium  ethoxide  (1  mol.),  is  readily  decom- 
posed with  formation  of  chlorethoxypropane,  thus — 
ClCH^-CHj-CHjBr  +  NaOC^Hs  =  ClCH^-CH/CHi-OaHs  +  N"aBr. 


594  HAWORTH  AND  PERKIN  :   ACTION   OF 

This,  when  acted  on  by  sodium  or  potassium  in  ether,  benzene,  or 
light  petroleum,  undergoes  condensation  with  formation  of  an  oil  of 
high  boiling  point,  which  evidently  contains  diethoxyhexamethylene, 
the  reaction  proceeding  thus — 

2C1CH2-CH2'CH2-0C,H,  +  K^  =  2KC1  + 

CHsO-CHa-CHa-CH/CHz-CHa-CHa-OCHs. 

but  the  amount  of  this  substance  obtained  is,  unfortunately,   very 
small. 

Lastly,  hydrobromic  acid  readily  decomposes  this  compound,  even 
at  100°,  much  more  rapidly  at  150°,  with  formation  of  hexamethylene 
dibromide. 

CjHsO-COH^Je-OCaHs  +  4HBr  =  Br-CCH^Je-Br  +  2C2H5Br  +  2H2O. 

Hexamethylene  dibromide  reacts  very  readily  with  the  sodium  com- 
pound of  ethylic  malonate,  when  the  two  are  digested  together  in 
alcoholic  solution,  sodium  bromide  being  precipitated  and  an  oily 
substance  formed  ;  the  latter  was  isolated  in  the  usual  manner,  and 
then  roughly  separated  into  two  parts  by  fractionation  under  reduced 
pressure  (40  mm.),  the  fractions,  130—220°  and  220—290°,  being 
collected  separately. 

The  fraction  130 — 220°  (40  mm,),  which  contains  a  considerable 
quantity  of  regenerated  ethylic  malonate,  was  hydrolysed,  and  the 
resulting  mixture  of  bibasic  acids  decomposed  by  heating  at 
200°,  the  residual  oil  being  purified  by  repeated  fractionation 
under  ordinary  pressures.  In  this  way  about  2  grams  of  a  thick, 
colourless,  unpleasant  smelling  oil  was  obtained ;  this  boiled  at 
248 — 250°,  and,  on  analysis,  gave  numbers  agreeing  with  the  formula 
of  heptamethylenecarboxylic  acid,  which  should  have  been  produced 
if  the  reaction  had  proceeded  as  indicated  above.  The  acid  is  a 
saturated  compound,  as  its  dilute  alkaline  solution  does  not  decolorise 
potassium  permanganate,  and  it  very  closely  resembles  pentamethyl- 
ene-  and  hexamethylene-carboxylic  acids  in  its  properties,  so  that, 
although  the  amount  of  material  at  our  disposal  was  not  sufiicient  to 
allow  of  a  careful  examination  of  its  salts,  we  think  we  are  justified 
in  assuming  that  the  substance  is  heptamethylenecarboxylic  acid. 

If  this  view  be  accepted,  it  is  interesting  to  note  that  the  series  of 
monocarboxylic  acids  of  the  saturated  closed  carbon  chains  which 
have  been  synthetically  produced,  is  complete  up  to  and  including 
7  carbon  atoms  (see  table  next  page). 

It  is  remarkable  that  the  difference  in  the  boiling  points  of  tri- 
methylene-  and  tetramethylene-carboxylic  acids  should  be  so  distinctly 
less  than  is  the  case  between  any  other  pair  of  consecutive  acids. 

In  fractioning  the  crude  product  of  the  action  of  hexamethylene 
dibromide  on  ethylic  sodiomalonate,  a  considerable  quantity  of  an 
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B.p. 


Diff. 


Trimethylenecarboxylic  acid,       i      ^CH-COOH 

Tetramethylenecarboxylic  acid,    ^CT^Ag^pjoOH   

CH2CH2. 

Pentametliylenecarboxylic  acid,   1  ^CH-COOH 

CH2"CH2 

HexamethylenecarboxyUc  acid,  CH2<^g2'CH2>^(.g,(.QQjj 

Cxi2'OH2*^-H^2's^ 

Heptamethylenecarboxylic  acid,   '  ^  _,    '  ^^  ^  CH-COOH  . 


182° 
195 
215 
233 

249 


13^ 

20 
18 

16 


oily  compound  was  obtained,  wiiieli  boiled  at  277 — 280°  under  a  pres- 
sure of  80  mm. ;  this,  on  investigation,  proved  to  be  ethylic  octane- 
tetracarboxjlate,  produced  according  to  the  equation — 

2(COOC2H5)2CHNa  +  Br-CCHaJe-Br  = 

(COOC2H5)2CH-[CH2]6-CH(COOC2H5)2  +  2NaBr. 

This  interesting  substance,  on  hydrolysis,  yields  an  oily  acid,  prob- 
ably octanetetracarboxylic  acid,  vv^hich,  when  heated  at  200°,  is  decom- 
posed, with  evolution  of  carbon  dioxide  and  formation  of  sebacic  acid, 
thus. 

(COOH)2CH-[CHa]6-CH(COOH),  = 

COOH-CH2.[CH2]6-CH2-COOH  +  2C0,. 

That  sebacic  acid  is  normal  octane  oxui-dicarboxylic  acid,  as  repre- 
sented in  this  equation,  has  been  proved  by  Crum  Brown  and  Walker 
(^Annalen,  261,  121),  who  obtained  the  acid  synthetically  by  the  elec- 
trolysis of  potassium  ethylic  adipate, 

COOK-CH2-CH2-CH2-CH2-COOC2H6, 

and  the  formation  of  this  acid  from  hexamethylene  dibromide,  proves, 
if  any  proof  other  than  its  synthesis  were  necessary,  that  this  di- 
bromide has  the  constitution  Br* [CH2] 'Br,  which  has  been  assigned 
to  it  in  this  paper. 

While  experimenting  with  hexamethylene  dibromide,  it  was  thought 
that  it  would  be  interesting  to  study  the  action  of  sodium  on  it, 
as  it  seemed  probable  that,  in  this  way,  hexamethylene  (hexa- 
hydrobenzene)  might  be  synthetically  produced. 

<^S'<ci:;CH:^CH,Br  +  2Na  =  CH,<gH.;gH.>CH,  +  2NaBr. 

In  carrying  out  the  experiment,  under  conditions  given  in  detail  in 
this  paper,  a  small  quantity  of  a  hydrocarbon  was  obtained,  which 


596  HAWORTH  AND  PERKIN  :  ACTION  OF 

boiled  at  77 — 80°,  and,  on  analysis,  gave  numbers  agreeing  approxi- 
mately with  those  required  by  the  formula  CeHn-  The  properties  of 
this  hydrocarbon  agree  closely  with  those  ascribed  by  Baeyer  (Annalen, 
278,  111)  to  hexamethylene,  which  he  prepared  by  reducing  hexa- 

CFT  'PIT 
methylene  iodide,  CH2<^g\Qjj''>CHI,  with  zinc  dust  and  acetic 

acid,  and  which  boils  at  79°.  It  was  our  intention  to  repeat  these 
experiments  on  a  larger  scale,  in  order,  if  possible,  to  obtaiu  sufficient 
hydrocarbon  to  enable  its  physical  constants  to  be  determined  and 
compared  directly  with  those  of  hexamethylene  ;  but  we  did  not  pro- 
ceed further  in  this  direction,  as  Salonina  (Ber.,  26,  2987)  has 
intimated  his  intention  of  investigating  this  point. 

CUorethoxypropane,  C1CH2-CH2'OH,-OC2H5. 

In  order  to  prepare  this  substance,  chlorobromopropane,  Cl'[CH2]3*Br 
(1  moL),  was  dissolved  in  a  little  alcohol,  and  the  calculated  quantity 
of  sodium  (1  atom  dissolved  in  12  times  its  weight  oE  absolute 
alcohol)  added  in  three  portions,  the  mixture  being  heated  to  boiling 
after  each  addition.  As  soon  as  the  vigorous  action  had  subsided, 
the  product  was  cooled,  mixed  with  twice  its  volume  of  water,  and 
the  oily  layer  extracted  with  ether  ;  the  ethereal  solution  was  washed 
with  water  until  free  from  alcohol,  dried  over  calcium  chloride,  and 
the  whole  slowly  distilled  from  a  flask  fitted  with  a  fractioning 
column. 

After  the  ether  had  passed  over,  a  large  quantity  distilled  between 
40°  and  60°,  consisting,  probably,  principally  of  allylic  chloride. 
The  temperature  then  rose  rapidly  to  130°,  betAveen  which  and  135° 
the  greater  portion  of  the  oil  distilled ;  the  residue,  which  contained 
Unchanged  chlorobromopropane,  was  used  in  a  subsequent  prepara- 
tion. The  fraction  130 — 135°  was  again  distilled,  and  the  portion 
boiling  at  132 — 134°  analysed,  v/ith  the  following  result. 

Found. 

,, " >j  Theory. 

I.                  II.  Cl-CCHsJaOCaHs- 

CI 29-72        29-91  p.  c.  28*97  p.  c. 

These  analyses  were  made  with  different  samples,  and,  from  the 
results,  it  would  appear  that  the  chlorethoxypropaue  prepared  in  tbis 
way  is  not  quite  pure ;  a  qualitative  test  showed  that  the  oil  con- 
tained traces  of  bromine,  due,  doubtless,  to  the  presence  of  small 
quantities  of  bromethoxypropane. 

A  similar  result  was  obtained  by  Gabriel  (Ber.,  25,  417),  who,  in 
preparing  chlorophenoxypropane,  Cl'[CH2]3'OC6H5,  from  chloro- 
bromopropane and  sodium  phenate,  found  that  the  product  always 
contained  traces  of  bromine. 
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Chlm-ethoxypropane  is  a  colourless  oil,  which,  is  specifically  heavier 
than,  and  insoluble  in  water,  and  possesses  a  penetrating,  disagree- 
able odour.  As  it  appears  to  undergo  a  variety  of  interesting  decom- 
positions when  treated  with  reagents,  it  is  being  subjected  to  careful 
investigation. 

Chloromethoxypropane,  C1'[CH2]3*0'CH3,  was  prepared  in  a  manner 
similar  to  the  ethoxy-compound,  sodium  methoxide  being  employed 
instead  of  sodium  ethoxide  ;  it  boils  at  116 — 118°.     Analysis. 

Theory. 
Found.  Cl-[CHo]3-OCF3. 

CI 33*7  per  cent.  32*7  per  cent. 

The  yield  of  the  ethoxy-compound,  obtained  by  the  method  de- 
scribed above,  was  about  40 — 45  per  cent.,  that  of  the  methoxy- 
compcund  about  50 — 60  per  cent,  of  the  theoretical ;  therefore,  in  the 
subsequent  experiments,  the  latter  was  usually  employed. 

Hexamethylene  dihromide,  BrCH2'CH2'CH2*CH2*CH2*CE[2Br. 

As  explained  in  the  introduction,  the  yield  of  this  bromide  obtained 
from  chloromethoxypropane  is  very  small,  and  a  great  many  experi- 
ments were  made,  in  the  hope  of  discovering  more  favourable  con- 
ditions, but  without  satisfactory  results ;  the  actual  method  which 
was  ultimately  adopted  was  the  following. 

20  grams  of  chloromethoxypropane  was  dissolved  in  about  60  c.c.  of 
carefully  purified  light  petroleum  (b.  p.  50 — 60°),  in  a  flask  connected 
with  a  long  refiux  condenser,  and  heated  to  boiling  on  a  sand  bath. 
The  flame  was  removed,  and  then  potassium  gradually  added  in  small 
pieces,  the  very  violent  action  which  takes  place,  accompanied  by  a 
hissing  sound,  being  allowed  to  subside  before  each  addition.  The 
mixture  soon  begins  to  get  thick,  owing  to  the  separation  of  potassium 
chloride  and  other  salts ;  and  when  the  potassium  is  no  longer  acted 
on,  the  whole  is  heated  to  boiling  for  half  an  hour,  any  unchanged 
metal  being  removed  by  the  cautious  addition  of  alcohol. 

The  product  is  then  poured  into  water,  the  oily  layer  separated, 
washed  with  water,  dried  over  calcium  chloride,  and  carefully  frac- 
tioned,  the  greater  bulk  passing  over  between  100  and  150°  and  contain- 
ing unchanged  chlorethoxypropane ;  this  was  used  in  a  subsequent 
operation. 

The  residue  in  the  retoi't,  boiling  above  150°,  and  consisting 
apparently,  for  the  most  part,  of  dimethoxyhexane,  CH30'[CH2]6*OCH3, 
was  then  digested  in  a  reflux  apparatus  for  three  hours  with  an  excess 
of  fuming  hydrobromic  acid,  the  dark  coloured  product  poured  into 
water,  the  oily  layer  extracted  with  ether,  dried  over  calcium 
chloride,  the  ether  evaporated,  and  the  residue  heated  in  a  sealed 
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tube  with  fuming  hydrobromic  acid  for  two  hours  at  150 — 160°. 
The  product,  which  formed  two  layers,  was  poured  into  water, 
extracted  as  described  above,  and  the  crude,  dark  coloured  bromide 
fractionated  under  reduced  pressure  (20  mm.)  ;  the  principal  portion, 
distilling  between  125°  and  140°,was  used  in  the  subsequent  ex- 
periments. 

A  sample  of  the  substance,  boiling  at  about  lo?"  (18 — 20  mm.), 
gave  the  following  results,  on  analysis. 

Found. 

/— * ^  Theory. 

I.  II.  _  .  Br(CH2)6Br. 

Br 643         643  per  cent.  655  per  cent. 

Hexamethylene  dibromide  is  a  heavy,  colourless  oil,  which  possesses 
the  penetrating  odour  characteristic  of  the  higher  dibromides  in  the 
paraffin  series ;  the  pure  substance  distils  with  slight  decomposition 
under  the  ordinary  pressure.  It  is,  doubtless,  identical  with  the 
hexamethylene  dibromide  which  Salonina  {Ber.,  26,  2987)  obtained 
by  heating  hexamethyleneglycol  diphenyl  ether,  C6H50-[CH2]6*OC6H5, 
with  fuming  hydrobromic  acid. 

Hexamethylene  Glycol  or  wwi-Bihydroxyliexane,C'SiJdlS.'[CTS.^i'C^-iO^. 

This  is  produced  when  hexamethylene  dibromide  is  boiled  with 
dilute  potassium  carbonate  solution.  15  grams  of  hexamethylene 
dibromide  (b.  p.  125 — 140°  at  18  mm.)  was  boiled  in  a  flask  connected 
with  a  reflux  condenser  with  50  c.c.  of  water,  small  quantities  of 
potassium  carbonate  being  added  from  time  to  time ;  at  the  end  of 
two  days,  the  oily  dibromide  had  completely  passed  into  solution. 
The  almost  colourless  liquid  was  then  saturated  with  potassium 
carbonate,  extracted  10  times  with  ether,  the  ethereal  solution  dried 
over  anhydrous  potassium  carbonate,  evaporated,  and  the  residual 
thick  oil  submitted  to  distillation ;  almost  the  whole  of  it  distilled 
between  230°  and  240°,  and,  on  refractioning,  the  pure  glycol  was 
obtained,  boiling  at  235 — 240°. 

Theory. 
Found.  OH-CCHjJeOH. 

C 6085  per  cent.  61*01  per  cent. 

H 11-83         „  11-86 

Hexamethylene  glycol  is  a  colourless  syrup,  possessing  a  very  faint 
odour  and  burning  taste ;  it  is  miscible  with  water  and  alcohol,  arid 
distils  under  the  ordinary  pressure  with  very  slight  decomposition, 
thus  showing  no  tendency  to  form  an  internal  anhydride,  as  is  the 
case  with  7-pentylene  glycol,  CH3-CH(OH)-CH2-Cfi2-CH2«OH  (Trans., 
1887,  51,  836). 
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Action  of  Sodium,  on  Hexamethylene  Dibromide. 

10  grams  of  very  finely  divided  sodium  (prepared  by  agitating- 
melted  sodium  under  toluene)  and  about  50  c.c.  of  pure  metaxylene 
was  gently  heated  in  a  Wiirtz  distillation  flask  connected  with  a 
water  condenser,  and  then  20  grams  of  hexamethylene  dibromide 
dissolved  in  20  grams  of  metaxylene  was  added  drop  by  dfOp  from  a. 
dropping  funnel ;  the  action  was  sufficiently  vigorous  to  keep  the  whole 
in  rapid  ebullition,  and  about  7  grams  of  a  colourless  oil  distilled 
between  70"  and  100°.  The  distillate  was  repeatedly  fractioned  over 
sodium,  and  in  this  way  about  3  grams  of  a  limpid  liquid  was  obtained 
boiling  at  77 — 80°  ;  on  analysis  it  gave  the  following  results. 

Found.  Theory.  CgHij. 

C 85-08  per  cent.  8571  per  cent. 

H 14-48        „  14-29 

This  hydrocarbon  smells  exactly  like  petroleum  hexane,  and  is  in 
all  probability  identical  with  the  hexamethylene  which  Baeyer 
(Annalen,  278,  111)  prepared  by  reducing  hexamethylene  iodide 
with  zinc-dust  and  acetic  acid,  and  which  boils  at  79°. 

Action  of  Hexamethylene  Dibromide  on  Ethylic  Sodiomalonate. 

In  studying  this  reaction,  3-9  grams  of  sodium  was  dissolved  in 
50  grams  of  absolute  alcohol,  and  to  the  well-cooled  solution  a 
mixture  of  26  grams  of  ethylic  malonate  and  20  grams  of  hexa- 
methylene dibromide  was  added  all  at  once.  On  gentlj  heating  the 
clear  liquid  in  a  reflux  apparatus,  the  action  set  in  as  soon  as  the 
alcohol  began  to  boil,  and  was  sufficiently  vigorous  to  keep  the 
whole  in  ebullition  for  some  minutes.  After  heating  for  half  an 
hour,  the  product,  which  was  only  slightly  yellowish,  was  cooled, 
mixed  with  water,  and  the  oil  which  separated  extracted  three  times 
with  ether ;  the  ethereal  solution  was  washed  well  with  water,  dried 
over  calcium  chloride,  and  evaporated,  and  the  residual  oil  (32  grams) 
fractionated  under  reduced  pressure  (40  mm.).  In  this  way,  the  oil 
was  roughly  separated  into  two  fractions  boiling  respectively  at 
130—220°  (15  grams)  and  220—290°  (14  grams). 

The  lower  fraction,  which  contained  unchanged  ethylic  malonate, 
was  hydrolysed  by  digesting  with  excess  of  alcoholic  potash  for  one 
hour,  the  product  mixed  with  water,  evaporated  till  free  from  alcohol, 
acidified  with  sulphuric  acid,  and  extracted  five  times  with  pure 
ether.  The  ethereal  solution  was  dried  over  calcium  chloride,  the 
ether  evaporated,  and  the  syrupy  residue,  after  it  had  been  heated  in 
a  small  distilling  flask  at  200'  until  the  evolution  of  carbonic  an- 
hydride had  ceased,  was  distilled.     On  repeatedly  fractionating  the 
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distillate,  about  2  grams  of  an  oily  acid  was  obtained  wliicli  distilled 
at  248 — 250°,  and  on  analysis  gave  the  following  results. 

Found. 

f -^ ^  Theory. 

I.               11.  CsHuOj. 

C 67-41       G7-52  per  cent.  67-60  per  cent. 

H 9-62        9-67        „  9-86 

As  explained  in  the  introduction,  this  acid  is  probably  hepta- 
methylenecarboxylic  acid ;  it  is  a  saturated  acid,  as  is  shown  by  the 
fact  that  its  solution  in  sodium  carbonate  does  not  decolorise  per- 
manganate. It  is  a  colourless,  disagreeably  smelling  oil,  very  spar- 
ingly soluble  in  water,  but  readily  in  solutions  of  the  alkalis  or 
alkali  carbonates.  Unfortunately,  owing  to  the  small  amount  of  the 
acid  at  our  disposal,  we  were  unable  to  analyse  any  of  its  salts. 

Ethylic  Octane- tv>w<i-tetracarhoxylate, 
(COOC2H5)2CH-[CH2]6-CH(COOC2H5)2. 

Synthesis  of  Sebacic  acid,  COOH-[CH2]8-COOH. 

The  portion  of  the  oily  product  of  the  action  of  hexamethylene 
dibromide  on  ethylic  sodiomalonate  which  boils  at  220 — 290°  (40 
mm.),  consisting  principally  of  ethylic  octanetetracarboxylate,  was 
carefully  fractionated,  and  the  fraction  277 — 280°  (40  mm.)  analysed 
with  the  following  result. 

Found,  Theory.  C20H34O8. 

0 58-52  per  cent.  -59-70  per  cent. 

H 8-74        „  8-46 

The  oil  unfortunately  contained  small  quantities  of  bromine,  which 
accounts  for  the  slight  deficiency  in  carbon  and  hydrogen  in  the 
above  analysis  ;  there  can,  however,  be  no  doubt,  from  the  behaviour 
of  this  ethereal  salt  on  hydrolysis,  that  its  constitution  is  represented 
by  the  formula  given  above.  Ethylic  octanetetracarboxylate  is  a 
very  thick,  almost  colourless  oil  which,  even  after  standing  for  some 
days,  showed  no  signs  of  crystallising.  The  crade  ethereal  salt 
boiling  at  270 — 285°  (40  mm.)  was  hydrolysed  by  boiling  with  a 
large  excess  of  alcoholic  potash  for  two  hours  in  a  reflux  apparatus, 
the  product  was  freed  from  alcohol  by  evaporating  to  dryness, 
dissolved  in  water,  acidified,  and  extracted  five  times  with  pure  ether. 

The  syrupy  residue  left  on  evaporating  the  carefully-dried  ethereal 
isolution,  and  which  probably  consisted  of  octanetetracarboxylic  acid, 
was  not  analysed,  but  conA^erted  at  once  into  sebacic  acid  by  heating 
at  200°  until  the  evolution  of  carbonic  anhydride  had  ceased.  The 
dark-coloured  oil  solidified  on  cooling  to  a  mass  of  crystals,  which 


HEXAMETHYLEXE   DIBROMIDE   ON   SODIUM,   ETC.  601 

were  first  freed  fi'om  oily  mother  liquor  by  spreading  on  a  porous 
plate,  and  then  repeatedly  recrystallised  from  formic  acid  with  the 
aid  of  animal  charcoal.  In  this  way,  colourless,  nodular  masses  of 
crystals  were  obtained  which  melted  at  125 — 127°,  and  gave  the  fol- 
lowing results  on  analysis. 

Found,  Theory.  C10H18O4. 

C 59'45  per  cent.  59*40  per  cent. 

H 8-94         „  8-91 

The  silver  salt  was  prepared  by  precipitating  a  neutral  solution  of 
the  ammonium  salt  with  silver  nitrate  ;  the  white,  sparingly-soluble, 
flocculent  precipitate,  after  washing  well  and  drying  at  100°,  gave  the 
following  results  on  analysis. 

Found.  Theory.  CioH,6Ag204. 

C 29-20  per  cent.  28-84  per  cent. 

H 4-04         „  3-84 

Ag    ..../...      51-56        „  51-92 

That  this  acid  is  sebacic  acid  was  proved  by  carefully  comparing  it 
with  a  sample  of  this  acid  prepared  from  castor  oil ;  both  specimens 
melted  at  the  same  temperature,  and  were  exactly  similar  in  all  other 
respects. 

Action  of  Sodium  Ethoxide  and  Iodine  on  Ethylic  Octanetetracarb- 

oxylate. 

Ethylic  octanetetracarboxylate  contains  two  CH  groups,  each  of 
which  is  connected  with  two  COOC2H6  groups,  and  it  should  there- 
fore, when  treated  with  sodium  ethoxide,  form  a  disodium  compound ; 
the  latter,  by  the  action  of  iodine,  might  be  expected  to  yield  the 
ethylic  salt  of  octomethylenetetracarboxylic  acid  thus — 

CH^-CHj-CHa-CNaCCOOaHs)^  ^    '       CHa-CH^-CHa-CCCOOC^Hs)^ 

+  2NaI, 
just  as  ethylic  butane- tetracarboxylate  and  ethylic  pentane-tetracar- 
boxylate,  under  similar  conditions,  yield  the  corresponding  tetra- 
methylene  and  pentamethylene  derivatives.  In  order  to  test  this,  1*2 
grams  of  sodium  was  dissolved  in  5  grams  of  absolute  alcohol,  10 
grams  of  ethylic  octanetetracarboxylate  dissolved  in  about  50  c.c. 
of  pure  ether  added,  when  a  sticky  sodiiim  compound  separated  out 
and  adhered  firmly  to  the  bottom  of  the  flask  containing  the  mixture  ; 
6-3  grams  of  iodine  dissolved  in  ether  was  then  poured  in  in  small 
quantities  at  a  time,  and  this,  on  shaking,  was  rapidly  decolorised ; 
indeed,  in  order  to  obtain  a  permanent  coloration,  it  was  found 
necessary  to  add  6  grams  more  of  iodine.     The  product  was  mixed 
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with  water,  the  dark-coloured  ethereal  solution  separated,  and 
washed  with  a  little  sodium  bisulphite,  but  it  was  found  that  as 
soon  as  the  solution  had  become  colourless  it  rapidly  began  to 
turn  brown  again,  evidently  owing  to  separation  of  iodine.  The 
ethereal  solution  was  therefore  separated,  dried  over  calcium  chloride, 
and  evaporated,  when  14'5  grams  of  a  dark  brown  oil  remained 
containing  much  iodine.  This  was  hydrolysed  by  boiling  with 
excess  of  alcoholic  potash,  and  the  product,  after  the  removal  of 
alcohol  by  evnporation,  dissolved  in  water  and  acidified  with  hydro- 
chloric acid ;  this  caused  the  precipitation  of  a  yellowish,  semi- 
crystalline  mass,  which  was  collected,  washed  with  water  containing 
sulphuric  acid,  and  recrjstallised  from  formic  acid.  In  this  way,  a 
considerable  quantity  of  a  colourless,  crystalline  acid  was  obtained 
which  melted  at  about  125°,  and,  on  analysis,  proved  to  be  sebacic 
acid. 

Found.  Theory.  CioHigO.,. 

C 59-41  per  cent.  59  40  per  cent. 

H 9-10         „  8-91 

Similar  results  were  obtained  in  attempting  to  prepare  derivatives 
of  heptamethylene  from  ethylic  heptanetetracarboxylate  (Trans., 
1894,  55,  105)  and  from  ethylic  isoctanetetracarboxylate  (Trans., 
1888,  53,  220),  in  all  cases  much  more  than  the  calculated  quantity 
of  halogen  was  required  before  the  action  was  complete,  and  the 
products  of  the  reaction,  on  hydrolysis,  gave  acids  derived  from  the 
unchanged  ethereal  salts  and  not  derivatives  of  closed  carbon 
chains. 

It  is  very  difficult  to  understand  Tvhat  actually  takes  place  in  these 
reactions. 

Chemical  Lalxn'afory, 

Owens  College,  Manchester. 
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XLIX. — The  Structure  and  Chemistry  of  the  Cyanogen 

Flame. 
By  Arthur  Smithells,  B.Sc,  and  Fbankland  Dent,  B.Sc,  1851  Ex- 
hibition Science  Scholar  (1894),  the  Yorkshire  College,  Leeds. 

The  general  character  o£  the  flame  of  burning  cyanogen  and  the 
separation  of  the  two  cones,  of  which  it  consists,  were  briefly  de- 
scribed by  Smithells  and  Ingle,  in  their  paper  "  On  the  Structure 
and  Chemistry  of  Flames"  (Trans.,  1892,  61,  204). 

Professor  H.  B.  Dixon,  in  connection  with  his  important  inves- 
tigations on  the  rate  of  explosion  in  gases,  has  also  been  led  to 
examine  the  cyanogen  flame  (PJdl.  Trans.,  1893,  184,  122),  bat  has 
kindly  left  to  us  the  investigation  of  the  subject. 

The  following  pages  contain  an  account  of  a  more  detailed 
examination  of  the  cyanogen  flame. 

Preparation  of  the  Gas. — The  cyanogen  was  prepared  by  heating 
dried  mercuric  cyanide  in  a  hard  glass  tube,  which  was  enclosed  in 
a  brass  tube  laid  along  a  combustion  furnace.  A  considerable 
amount  of  paracyanogen  was  formed  in  each  experiment,  and  this 
was  mixed  with  the  mercuric  cyanide  employed  in  subsequent  pre- 
parations of  the  gas.  The  cyanogen  was  led  direct  into  an  iron  gas- 
holder, trapped  with  mercury  and  kept  under  slight  pressure.  The 
mercury,  which  was  formed  by  the  decomposition  of  the  mercuric 
cyanide,  and  which  condensed  and  accumulated  in  the  tubes,  was 
allowed  to  escape  from  time  to  time,  through  a  "]"-piece,  provided 
with  a  tap  on  one  limb. 

The  gas  thus  prepared  usually  contained  96  to  98  per  cent,  of 
cyanogen  and  4  to  2  per  cent,  of  air. 

The  Flame  of  Cyanogen  in  the  Gone  Separating  apparatus. — The 
flame  of  C3'^anogen,  burning  at  a  small  circular  orifice,  consists  of  two 
distinct  parts,  as  shown  at  a  in  the  figure.  The  inner  cone-shaped 
region  is  of  a  bright  peach-blossom  tint,  whilst  the  enveloping  cone 
shades  off  from  a  bright  blue  to  a  greenish-grey.  If,  now,  we  burn 
the  cyanogen  in  a  cone-separating  apparatus  and  gradually  add  air, 
the  inner  cone  becomes  smaller,  and  eventually  enters  and  descends 
the  outer  tube.  But  whilst  this  process  of  detachment  is  in  progress, 
the  inner  cone  is  surrounded  by  a  rosy  halo,  which  still  adheres  to  it 
after  the  descent.  If  more  air  be  added,  the  rosy  halo  disappears  and 
is  almost  immediately  replaced  by  a  blue  one.  The  outer  cone  of  the 
flame,  which  remains  all  the  while  at  the  top  of  the  outer  tube,  pre- 
serves its  original  appearance,  namely,  blue  shading  off  to  greenish- 
grey.  More  air  extinguishes  the  outer  cone,  and  causes  the  inner  one 
itself  to  take  a  bluer  and  its  halo  a  greener  tint. 
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The  diagrams  exhibit  the  chief  phases  of  the  flame. 


a 


d 


Phases  of  cyanogen  flame  in  trie  separator : — a.  Ordinary  flame,  h.  Tlame  with 
cones  separated,  c.  Ditto,  with  less  cyanogen,  d.  Ditto,  with  minimum  of 
cyanogen.     The  dark  shading  represents  rose  colour,  the  lighter  shading  blue. 

Mode  of  JExperimenting  and  Analysis  of  the  Interconal  Gases. — A 
preliminary  examination  of  the  interconal  gases  showed  they  might 
contain  some  or  all  of  the  following: — carbon  dioxide,  carbon  monoxide,, 
cyanogen,  nitrogen,  nitric  oxide  and  nitrogen  peroxide,  and  it  was, 
therefore,  necessary  to  devise  a  suitable  method  for  the  determina- 
tion of  all  these  gases.  The  air  nsed  for  the  flame  was  dried  by 
passing  it  through  three  (J -tubes  containing  calcium  chloride,  sulph- 
uric acid  and  pumice,  and  stick  potash,  lastly  it  was  passed  through 
a  tube  containing  phosphorus  pentoxide.  The  cyanogen  was  passed 
through  a  U-tube,  containing  fused  caustic  potash  (to  remove  hydro- 
cyanic acid)  and  then  through  a  phosphorus  pentoxide  tube. 

A  sample  of  the  interconal  gases  was  withdrawn  in  two  samplers  j 
one  was  used  for  the  eudiometric  analysis,  and  the  other  for  a  special 
determination  of  carbon  dioxide  and  cyanogen. 

The  eudiometric  analysis  was  conducted  as  follows  in  a  Dittmar- 
Lennox  apparatus : — 

The  gas-measuring  tube  and  mercury  being  thoroughly  dry,  a 
quantity  of  the  gas  from  the  sampler  was  measured  off  :  it  was  then 
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transferred  to  the  caustic  potash  pipette,  for  the  absorption  of  carbon 
dioxide,  cyanogen,  and  nitrogen  peroxide.  (The  measuring  tube  was 
kept  moist  during  the  operations,  subsequent  to  this  absorption  of 
nitrogen  peroxide.)  The  gas  containing  carbon  monoxide,  nitrogen, 
and  nitric  oxide  was  transferred  to  the  explosion  vessel,  and  sufficient 
oxygen  (with  the  addition  of  electrolytic  gas)  introduced  for  the 
explosion.  Before  explosion  and  after  standing  for  half  an  hour  in 
contact  with  the  wet  explosion  vessel,  to  admit  of  the  absorption  of 
nitrogen  peroxide  formed  from  the  nitric  oxide,  the  gas  was  again 
measured,  the  diminution  of  volume  being  due  to  the  absorption  of 
nitrogen  peroxide  formed  by  the  union  of  nitric  oxide  with  oxygen. 
The  gas  was  then  exploded  and  measured,  the  carbon  dioxide  absorbed 
in  the  potash  pipette,  the  residual  oxygen  absorbed  by  alkaline  pyro- 
gallate,  and  the  remaining  gas  measured  off  as  nitrogen. 

The  total  oxides  of  nitrogen  were  determined  in  a  fresh  sample  by 
adding  air  to  a  measured  quantity  of  the  gas  and  treating  with  water 
the  solution  was  reduced  with  some  copper-zinc  couple,  and  the  am- 
monia  distilled  off  and  Nesslerised.     The  special  analysis  for  cyanoo-en 
and  carbon  dioxide,  consisted  in  passing  a  quantity  of  the  interco^nal 
gases  through  baryta  water-  contained  in  a  funnel.     The  funnel  was 
provided  with  a  filter  paper  and  had  a  stopcock  on  its  stem  ;  it  was 
also  enclosed  in  an  air-tight  glass  cylinder,  in  order  to  prevent  the 
absorption  of  atmospheric  carbon  dioxide  by  the  baryta  water.     This 
cylinder  was  connected  with  an  ordinary  Mariotte's  bottle  by  means 
of  a  glass  tube,  having  a  set  of  glass  bulbs,  containing  baryta  water, 
joined  at  its  centre.    The  carbon  dioxide  and  cyanogen  formed  with  the 
baryta  water  insoluble  barium  carbonate  and  soluble  barium  cyanide 
and  cyanate.     The  barium  carbonate  was  washed,  dissolved  in  hydro- 
chloric acid  on  the  filter  and  the  barium  precipitated  by  sulphuric 
acid  ;  from  the  weight  of  barium  sulphate  obtained  the  amount  of 
carbon  dioxide  was  easily  calculated.     The  filtrate,  containing  the 
barium  cyanide  and  cyanate,  was  acidified  with  dilute  nitric  acid,  and 
silver  nitrate  added  ;    the  precipitated   silver  cyanide  was  washed, 
dried,  ignited,  and  weighed  as  silver.     From  this  weight  the  amount 
of  cyanogen  was  calculated.     A  direct  determination  of  the  cyanate 
was  unnecessary,  as  each  molecule  of  barium  cyanide  would  be  accom- 
panied by  one  molecule  of  barium  cyanate. 

Regulation  and  Measurement  of  the  Flow  of  Gases.— The  dry 
cyanogen  and  air,  after  having  passed  through  the  drying  tubes, 
were  each  led  through  a  Wright's  small  dry  gas  governor  and  a 
micrometer  tap,  before  being  allowed  to  mix  at  the  base  of  the  cone- 
separator.  The  governors  insured  the  delivery  of  the  gas  at  a 
constant  pressure,  whilst  the  quantity  could  be  regulated  by  the 
micrometer  taps ;  by  manipulation  of  the  latter,  the  flame  was  brought 
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into  the  condition  desired  for  the  experiment.  After  the  experiment 
was  concluded  and  the  sample  taken,  the  rate  of  flow  of  the  gases 
and  the  proportion  between  the  two  was  measured  as  follows  : — 
Without  altering  the  taps,  the  air  supply  was  again  turned  on  from 
the  calibrated  gas-holder,  and  the  time  taken  to  pass  about  60  litres 
was  noted,  from  this  the  number  of  cubic  centimetres  per  second  was 
calculated.  While  air  was  passing  through  the  one  gas-governor, 
coal  gas  was  passed  through  the  other,  so  as  to  reproduce  the  same 
conditions  of  gas  pressure  as  existed  in  the  actual  experiment.  To 
determine  the  rate  of  flow  of  the  cyanogen,  air  from  the  calibrated 
gas-holder  was  allowed  to  pass  through  both  gas-governors  simul- 
taneously. The  difierence  between  the  flow  in  this  case  and  in  the 
previous  case  gave  the  rate  of  flow  of  the  cyanogen. 
The  details  of  a  single  experiment  are  subjoined. 

Vol.  of  dry  gas  taken 18' 21  c.c.  of  dry  gas  at  0°  and  760  mm. 

After  absorption  with  KOH  16'85  „  ,,  „ 

Added  oxygen   7*00  „  ,,  „ 

„       electrolytic  gas  ... .  3"  70  „  „  „ 

Volume  after  standing  ....  27*44  „  ,,  „ 

,,           „     explosion....  21"30  „  ,,  „ 
„           ,,      absorption   w. 

KOH 16-67 

„  „    absorption  with 

alk.  pyrogallate  12"18  „  „  „ 

(a.) 

(CN),,C02,N204  18-21  -  16-85 1-35  7-41 

NO  4/7  (16-86  +  7-00  +  3-70)  -  27-44  0-06  0-33 

CO  21-30  -  16-67 4-63  25-42 

N2 12-18  66-88 

Sum  of  constituents 18-22       10004 

Gas  actually  taken 18-21  — 

(&.)  Determination  of  Total  Oxides  of  Nitrogen. — 17-48  c.c.  of  the 
gas  at  760-01  mm.  and  9-5°  gave  ammonia  equal  to  5-43  c.c.  standard 
ammonium  chloride  solution  =  1*19  per  cent.  NO. 

(c.)  Calculation  of  Amount  of  N2O4. — The  quantity  of  NO  found  in 
a,  subtracted  from  the  total  oxides  of  nitrogen  expressed  as  NO  in  b, 
gives  the  amount  of  N2O4,  expressed  as  NO. 

Amount  of  N2O4  =  - — —^ '—  =  0-43  per  cent. 

(d.)  Determination  of  Cyanogen  and  Carbon  Dioxide. — 

From  the  special  experiment  we  have  CO2. .      0-83  per  cent. 

(CN)2..     610        „ 
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We  may  now  sum  np  the  analysis  as  follows. 

CO 25-4 

CO2 0-8 

(CN)2 61 

K2 66-9 

NO 0-3 

NO, 0-4 
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Diameter  of  inner  tube  of  cone-separator 1*6  cm. 

„  outer  „  „  2-8    „ 

Kate  of  flow  of  air 3356  c.c.  per  sec. 

gas 9-96  „ 


3-37  and 


air 
(CNX 


=  3-52  (calculated  =  3-66). 


Velocity  of  gases  through  inner  tube  ....      21 '64  cm.  per  sec. 
„  „  „         outer     „      7-07  „ 

Experimental  Results. — Subjoined  is  a  tabulated  statement  of  the 
results  obtained  in  experiments  made  under  a  variety  of  conditions. 


Rose-coloured  halo. 

(5) 
5-57 

Blue  halo. 

(1) 
3-31 

(2) 
3-56 

(3) 
4-02 

(4) 
4-06 

(6) 
6-02 

(CN)/ 

(7) 
6-74 

(CN), 

CO2 

CO 

7-4 

0-5 

25-5 

65-8 

0-8 

6-1 

0-8 

25-4 

66-9 

0-7 

4-3 

1-4 

25-2 

68-5 

0-6 

3-8 

1-5 

24-4 

69-2 

1-1 

0-1 

4-7 

22-0 

73-3 

0-0 

none 

5-8 

19-9 

74-3 

0-4 

none 

8-6 

15  '3 

N, 

75-2 
0-9 

N2  oxides  . . . 

100-0 

99-9 

100-0 

100-0 

100-1 

100-4 

100-0 

Velocities     "1 

through     V 

inner  tube  J 

cm. 

21-1 

sec. 

1 21 -6 

19-2 

15-7 

23-1 

19-1 

22-2 

The  apparatus  used  in  experiments  1,  2,  3,  5,  6,  and  7,  had  the 
following  dimensions,  diam.  inner  tube,  I'B  cm. ;  outer  tube,  2-8  cm. ; 
in  Experiment  (4),  diam.  inner  tube,  0"95  cm. ;  outer  tube,  1'7  cm. 

A  glance  at  the  above  table  will  show  that  the  following  conclu- 
sions may  be  drawn  from  the  analytical  results. 

1.  The  separation  of  the  cones  of  a  cyanogen  flame  is  possible,  in 
the  apparatus  used,  when  the  ratio  of  air  to  cyanogen  is  3'3  :  1  (that 
is,  about  one-third  of  the  amount  required  for  complete  oxidation). 
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and  the  cones  remain  intact,  until  the  air  supply  is  increased  to  twice 
this  amount.  After  this,  the  interconal  gases  become  so  diluted  with 
nitrogen  and  carbon  dioxide,  that  they  can  no  longer  burn  in  a  second 
cone. 

2.  When  cyanogen  is  burning  in  the  apparatus,  with  the  addition 
of  the  minimum  quantity  of  air  necessary  for  the  separation  of  the 
cones,  carbonic  oxide  is  practically  the  only  oxidation  product. 

3.  A  small  quantity  of  carbon  dioxide  is,  however,  found  in  the 
interconal  gases.  As  the  air  supply  increases,  the  quantity  of  carbon 
dioxide  increases,  until  it  amounts  to  about  one-half  the  volume  of 
the  accompanying  carbon  monoxide. 

4.  The  interconal  gases  contain  nnburnt  cyanogen,  amounting  in 
the  case  of  the  minimum  air  supply  to  7^  per  cent.,  and  diminishing 
in  quantity  to  nil,  as  the  air  supply  increases. 

5.  Small  and  variable  quantities  of  oxides  of  nitrogen  occur  in 
the  interconal  gases. 

6.  A  variation  in  the  dimensions  of  the  apparatus  makes  no  im- 
portant difference  in  the  results. 

Looking  at  the  analyses  as  a  whole,  we  see  that  they  are  gene- 
rally in  accord  with  the  view  that,  in  the  combustion  of  cyanogen, 
the  carbon  is  first  burnt  to  carbon  monoxide.  That  cyanogen  burns  in 
this  way  has  been  proved  by  Dixon,  who  shows  that  the  rate  of  explo- 
sion of  cyanogen  and  oxygen  is  greatest  when  the  quantities  are  in 
accordance  with  the  equation 

(CN)2  +  O2  .-  2C0  -I-  N"j. 

When  added  in  further  quantity,  oxygen  acts  as  a  dilutent,  and, 
like  a  neutral  gas,  diminishes  the  rate  of  explosion. 

In  our  analyses,  however,  we  find  in  certain  cases  the  coexistence 
of  sensible  quantities  of  carbon  dioxide  with  unbarnt  cyanogen. 
Thus  in  analysis  (4)  we  have  15  per  cent.  (C0)2,  3'8  per  cent.  (CN)2, 
and  24*4  per  cent.  CO.  The  occurrence  of  this  carbon  dioxide  is  not 
easy  to  account  for.  Three  possible  explanations  seem  to  suggest  them- 
selves. (1.)  When  a  certain  percentage  of  cyanogen  has  burnt  to 
carbon  monoxide,  the  remaining  oxygen  is  distributed  between  the 
carbon  monoxide  and  the  rest  of  the  cyanogen.  (2.)  When  cyanogen 
bums,  the  carbon  burns  to  carbon  dioxide,  and  this  subsequently 
reacts  with  the  remaining  cyanogen  to  form  carbon  monoxide. 
(3.)  When  cyanogen  burns,  the  carbon  is  oxidised  to  carbon  mon- 
oxide, and  the  nitrogen  is  also  partly  oxidised.  The  oxide  of  nitrogen 
subsequently  oxidises  the  carbon  monoxide. 

We  cannot  regard  any  of  these  explanations  as  satisfactory.  The 
first  is  hardly  consistent  with  the  fact,  that  the  inner  cone  of  the 
flame  is  virtually  a  wave-front,  in  which  an  almost  instantaneous 
reaction  is  in  progress.     The  second  is  in  opposition  to  the  results  of 
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Dixon's  experiments.  The  third  explanation  is  partly  hypothetical, 
as  we  have  no  evidence  that  oxides  of  nitrogen  are  formed  directly 
in  the  combustion  of  cyanogen. 

The  formation  of  oxides  of  nitrogen  during  the  combustion  of 
cyanogen  has  been  noticed  by  Berth elot  (Matieres  Explosives),  and 
Dixon  (Trans.,  1886,  49,  390).  Small  and  irregularly  varying 
quantities  appear  recorded  in  most  of  our  analyses.  In  one  case 
(Analysis  'No.  5)  no  oxides  of  nitrogen  appear.  In  this  case,  pre- 
cautions were  taken  to  remove  all  air  from  the  space  between  the  two 
tubes  of  the  separator,  by  drawing  the  interconal  gases  down,  by 
means  of  a  small  glass  tube  passing  through  the  india-rubber  junction  ; 
a  sample  of  the  gases  was  then  collected  in  the  usual  way.  When- 
ever this  precaution  was  taken,  no  oxides  of  nitrogen  were  found 
in  the  interconal  gases.  On  the  other  hand,  when  a  gentle  supply  of 
air  was  led  into  the  interconal  space,  the  gases  simultaneously  with- 
drawn contained  large  quantities  of  oxides  of  nitrogen,  and  the  base 
of  the  inner  cone  assumed  a  peculiar  greenish-yellow  tint.  From 
these  experiments  it  appears  that  the  oxides  of  nitrogen  are  not 
formed  in  the  inner  cone,  but  immediately  outside  it,  provided  that 
oxygen  be  present.  The  oxygen  may  unite  directly  with  the  heated 
nitrogen  coming  from  the  inner  cone,  or  with  the  nitrogen  of  the 
infiltered  air.  A  similar  formation  of  oxides  of  nitrogen  in  the  outer 
cone  seems  probable,  from  the  fact  that  it  always  has  a  greenish- 
yellow  border  and  tip,  which  is  characteristic  of  flames  to  which 
oxides  of  nitrogen  have  been  added  (see  Dixon,  loc.  cit). 

It  will  be  noticed  that  in  the  description  of  the  behaviour  of 
cyanogen  in  a  separator,  we  have  described  the  inner  cone  as  being 
surrounded  by  a  halo,  which  varies  in  tint  as  the  quantity  of  air  is 
increased,  from  a  rose  colour,  through  blue  to  yellowish-green.  At 
one  point,  however,  there  is  no  visible  halo,  and  our  analytical  results 
indicate  that  this  happens  when  cyanogen  has  just  ceased  to  be  pre- 
sent in  the  interconal  gases,  and  when  the  amount  of  carbon  dioxide 
is  yet  small.  We  are  unable  to  give  a  satisfactory  explanation  of 
this  halo.  It  is  possible  that  the  rose-coloured  halo  may  be  due  to 
cyanogen,  which,  though  not  actually  in  combustion,  is  intensely, 
heated  from  below  by  the  sheet  of  flame  which  forms  the  inner  cone. 
The  blue  halo  may,  in  like  manner,  be  due  to  intensely- heated  carbon 
dioxide,  and  the  green  to  oxides  of  nitrogen.  But  we  have  found  it 
impossible  to  render  cyanogen  incandescent  at  the  highest  tempera- 
ture obtainable  in  a  tube  furnace,  nor  does  paracyanogen,  when  held 
in  the  oxy-hydrogen  flame  or  alone  in  the  inner  cone  of  an  air-coal 
gas  flame,  give  any  glow.  We  hope,  by  comparison  of  the  behaviour 
of  the  cyanogen  flame  with  that  of  other  flames,  to  be  able  to  get 
more  certain  ideas  as  to  the  cause  of  the  hales. 
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Returning  now  to  tlie  ordinaiy  cyanogen  flame,  as  formed  when 
the  gas  issues,  unmixed  with  air,  from  a  circular  orifice,  we  consider 
that  our  experiments  show  that  the  sharp  differentiation  of  the  flame 
into  a  rose-coloured  cone  and  a  blue  investing  mantle  corresponds 
approximately  to  the  two  stages  of  combustion — the  first  occurrino- 
where  the  external  air  has  penetrated  the  stream  of  cyanogen  suffi- 
ciently to  oxidise  the  carbon  to  carbon  monoxide;  the  second  markino- 
the  region  in  which  the  carbon  monoxide  produced  in  the  first  stage 
is  oxidised  to  carbon  dioxide. 

If  this  be  the  explanation,  it  would  seem  possible  to  subject  it  to  a 
crucial  test,  by  introducing  the  flame  of  dry  cyanogen  into  dry  air. 
According  to  Dixon's  well-known  observation,  the  flame  of  dry  carbon 
monoxide  is  extinguished  in  dry  air.  We  might,  therefore,  expect 
the  outer  blue  portion  of  a  cyanogen  flame  to  disappear,  when  the 
combustion  was  conducted  in  absence  of  moisture.  To  test  this  ques- 
tion we  dried  cyanogen  by  contact  with  phosphorus  pentoxide,  and 
then  ignited  the  gas  in  a  bottle  of  air  sufficiently  dry  to  inhibit  the 
combustion  of  carbon  monoxide.  The  cyanogen  flame,  however,  pre- 
sented the  usual  appearance.  Thinking  that  possibly  the  extremely 
high  temperature  of  the  carbon  monoxide  (if  that  gas  were  really 
burning  in  the  blue  part  of  the  flame)  might  be  the  cause  of  its 
inflaming,  even  in  dry  aii',  we  modified  the  procedure  to  test  this 
point.  The  dry  cyanogen  was  burnt  in  a  cone- separator,  and  admixed 
with  enough  dry  air  to  produce  a  separation  of  the  cones.  When 
these  cones  were  widely  separated,  the  upper  one,  in  which  the  com- 
bustion was  almost  wholly  that  of  carbon  monoxide  to  carbon  dioxide, 
was  immediately  extinguished,  when  a  bottle  of  dry  air  was  brought 
over  it ;  but  on  approximating  the  cones  a  point  was  soon  reached, 
where  it  was  impossible  any  longer  to  extinguish  the  outer  cone,  by 
immersing  it  in  a  bottle  of  dry  air.  It  appears,  then,  that  when  the 
carbon  monoxide  is  hot  its  flame  pei'sists  in  air  which  is  dry  enough 
to  extinguish  the  flame  of  the  unheated  gas  ;  and,  consequently,  the 
fact  that  a  cyanogen  flame  is  unaltered  in  well-dried  air  does  not  con- 
tradict the  conclusion  drawn  from  our  experiments — that  the  blue 
region  is  essentially  due  to  the  combustion  of  carbon  monoxide. 

We  conclude,  therefore,  that  the  differentiation  of  the  ordinary 
cyanogen  flame  into  an  inner  cone  of  a  peach  blossom  tint,  and  an 
outer  one  of  a  blue  tint  corresponds  to  two  stages  in  the  oxidation  of 
the  carbon,  carbon  monoxide  being  formed  in  the  first  cone  and 
carbon  dioxide  in  the  second  one.  The  greenish  fringe  to  the  outer 
cone  we  attribute  to  the  presence  of  small  quantities  of  oxides  of 
nitrogen. 
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L. — Infiuence  of  Moisture  on  Chemical  Change. 
By  H.  Brereton  Baker,  M.A.,  Dalwich  College. 

A  YEAR  ago,  I  communicated  to  the  Society  (Proceedings,  1893,  p.  129) 
a  note  on  some  chemical  actions  which  appeared  to  require  the 
presence  of  water  vapour  :  I  have  now^  the  honour  to  lay  before  the 
Society  the  results  of  further  investigation  on  this  subject. 

The  actions  previously  known  in  which  the  presence  of  moisture 
seemed  to  be  an  important  factor  were  mainly  those  which  occur 
between  elements.  Whether  moisture  exerted  a  similar  influence  on 
other  types  of  chemical  action  seemed  to  be  worthy  of  trial ;  I 
therefore  chose  as  an  instance  of  an  action  involving  two  compounds 
that  which  takes  place  with  some  violence  between  sulphur  trioxide 
and  lime.  The  lime,  prepared  by  the  ignition  of  precipitated  chalk 
mixed  with  sugar,  was  introduced  while  warm  into  a  small  bulb 
blown  on  a  tube,  at  the  other  end  of  which  was  placed  some  phos- 
phorus pentoxide  ;  the  two  ends  of  the  tube  wei^e  then  sealed. 
After  standing  for  three  days,  the  bulb,  which  was  heated  at  in- 
tervals to  distil  any  moisture  into  the  phosphorus  pentoxide,  was 
sealed  off. 

A  glass  tube  was  dried  by  di'awing  a  current  of  dried  air  through 
it,  while  it  was  heated  nearly  to  its  softening  point.  "When  cool,  the 
bulb  containing  the  dried  lime  was  introduced  at  one  end,  and  plugs 
of  phosphorus  pentoxide  at  the  other ;  the  tube  was  then  exhausted, 
and  allowed  to  stand  two  days,  the  part  containing  the  bulb  being 
heated  at  intervals  with  the  object  of  drying  it  as  completely  as 
possible.  One  end  of  the  tube  was  connected  by  a  joint  made  of 
previously-ignited  asbestos  with  a  tube  containing  sulphur  trioxide, 
which  was  gently  heated.  The  point  of  the  vacuous  tube  was  then 
broken  by  pressing  against  the  side  of  the  sulphur  trioxide  tube, 
and  the  sulphur  trioxide  was  thus  drawn  into  the  tube  containing  the 
bulb  of  lime  ;  this  tube  being  cooled  by  melting  snow.  The  end  was 
then  sealed,  and  the  whole  set  aside  during  a  week  ;  the  part  of  the 
tube  containing  phosphorus  pentoxide  was  then  sealed  off,  and  the  bulb 
of  lime  was  broken.  Not  a  sign  of  combination  appeared.  Several 
similar  tubes  were  prepared,  and  in  each  case  the  result  was  the  same. 
As  calcium  sulphate  is  not  unlike  lime  in  appearance,  experiments 
were  made  to  see  if  any  slow  union  had  taken  place.  One  tube  was 
broken,  and  a  little  moist  air  allowed  to  enter.  The  lime  and  the 
sulphur  trioxide  then  combined,  the  mass  becoming  vividly  incan- 
descent, proving  that  no  action  had  taken  place  previously.  With 
the  view  of  showing  the  want  of  action  of  metallic  oxides  on  sulphur 
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trioxide,  -witliout  rendering  it  necessary  to  destroy  the  tube,  a  similar 
tube  was  prepared  containing  black  copper  oxide.  No  action  was 
seen  on  breaking  the  bulb,  and  the  sulphur  trioxide  crystallised  on 
the  black  powder,  apparently  without  converting  any  of  it  into  the 
white  anhydrous  sulphate  of  copper. 

Action  of  Lime  on  Ammonium  Chloride. 

This  action  seemed  to  be  of  interest,  as  water  is  formed  as  a 
product  of  the  change.  Pure  lime  was  prepared  as  described  above, 
but  instead  of  allowing  it  to  cool  in  the  air,  it  was  transferred,  while 
still  hot,  to  a  red-hot  tube,  which  was  at  once  placed  in  a  small  desic- 
cator containing  phosphorus  pentoxide.  The  ammonium  chloride 
was  purified  by  the  method  suggested  by  Stas,  namely,  boiling  the 
sublimed  chloride  with  dilute  nitric  acid  and  then  with  water.  The 
crystallised  product  was  found  to  be  deliquescent,  and  this  was  the 
case  even  after  it  had  been  heated  at  120°  for  six  hours.  In  order  to 
get  rid  of  any  traces  of  other  substances,  it  was  dissolved  and  recrys- 
tallised  eight  times.  It  was  sublimed  in  a  hard  glass  tube,  and, 
while  still  hot,  it  was  placed  in  the  middle  part  of  a  hard  glass  tube 
in  which  were  two  constrictions ;  into  one  end  of  this  tube,  which 
had  been  previously  heated  to  redness  in  dried  air,  lime  was  intro- 
duced, phosphorus  pentoxide  being  placed  in  the  other.  One  end 
was  drawn  out  into  a  conducting  tube,  while  the  other  was  sealed. 
During  17  days'  drying,  the  lime  and  the  ammonium  chloride  were 
heated,  but  not  so  strongly  as  to  volatilise  the  latter.  The  end  of  the 
conducting  tube  was  broken  under  dried  mercury,  and  part  of  the 
ammonium  chloride  shaken  into  the  lime.  They  were  mixed  by  shak- 
ing, and  then  the  mixture  was  heated,  when  the  ammonium  chloride 
was  seen  to  sublime  from  the  lime  ;  about  9  c.c.  of  gas  was  collected, 
but  it  had  no  smell  of  ammonia.  The  conducting  tube  was  with- 
drawn from  the  mercury,  and  moist  air  allowed  to  enter  the  tube  as  it 
cooled.  The  rest  of  the  ammonium  chloride  was  then  mixed  with  the 
lime,  and  the  mixture  heated ;  a  copious  evolution  of  ammonia 
took  place,  thus  showing  the  efFect  of  a  trace  of  moisture  on  the 
action.  It  was  found  by  several  preliminary  experiments  that  every 
one  of  the  precautions  mentioned  above  is  necessary.  It  is  easy  to 
understand  why  this  should  be  the  case,  as,  if  once  the  action  com- 
mences, water  is  produced,  and  any  subsequent  drying  is  of  no  avail. 

The  interaction  of  Hydrogen  and  Chlorine. 

The  effect  of  moisture  on  the  interaction  of  these  gases  has  been 

studied   by   many    chemists,    notably    by   Pringsheim    (Ann.    Chim. 

Phys.,  1887,  421),  and  Dixon  and  Harker  (Man.  Lit.  and  Phil.  Soc, 

1890).     They  have  shown  that  the  absence  of  moisture  retards  the 


I 


ON   CHEMICAL   CHANGE.  613 

chemical  change.  In  I'epeating  their  experiments,  I  wished  to  see  if 
the  separate  drying  of  the  gases  -would  be  more  effectual  than  the 
drying  of  the  mixture.  Two  bulbs  of  equal  volume  were  connected 
by  a  tap,  and  the  apparatus  dried  as  thoroughly  as  possible.  One 
bulb  was  filled  with  dried  hydrogen  prepared  by  the  action  of  dilute 
sulphuric  acid  on  magnesium,  and  the  other  with  dried  and  purified 
chlorine  from  manganese  dioxide  and  hydrochloric  acid.  Phosphorus 
pentoxide  was  introduced  into  the  bulbs,  which  were  closed  and  left 
for  four  days.  The  tap  between  the  bulbs  was  then  opened,  and  the 
gases,  after  being  allowed  to  mix  during  24  hours  in  the  dark,  were 
then  brought  into  bright  sunlight.  N'o  explosion  took  place.  The 
mixed  gases  were  left  exposed  at  a  south  window  four  days,  during 
two  of  which  there  was  continuous  bright  sunshine.  The  mixture 
was  then  divided  into  two  equal  portions  by  closing  the  tap,  and 
these  were  separately  analysed  in  the  dark  room.  The  gas  in  one 
bulb  was  driven  into  an  eudiometer,  standing  over  a  solution  of 
potash,  by  a  current  of  carbon  dioxide.  The  residual  gas  was 
exploded  with  oxygen,  and  the  amount  of  hydrogen  thus  determined. 
The  other  bulb  was  opened  under  mercury,  which  was  immediately 
attacked.  The  amount  of  chlorine  left  in  the  mixture  was  determined 
by  weighing  the  mercury  which  had  entered  the  bulb ;  its  volume 
was  not  quite  equal  to  that  of  the  hydrogen  which  had  been  obtained 
in  the  other  analysis.  I  found,  however,  that  the  absorption  had  not 
been  quite  complete,  the  gas  in  the  bulb  still  had  a  slight  smell  of 
chlorine,  and  bleached  moist  litmus  paper.  The  analysis  showed 
that  more  than  a  quarter  of  the  mixture  had  been  left  uncombined 
after  the  exposure  to  two  days'  diffused  and  two  days'  bright  sun- 
light. 

Combination  of  Nitric  Oxide  and  Oxygen, 

The  action  of  these  two  gases  on  each  other  appeared  to  be 
uninfluenced  by  the  presence  of  moisture,  unless  special  pre- 
cautions were  used  for  ensuring  the  purity  of  the  nitric  oxide. 
In  some  preliminary  experiments  the  gas  was  prepared  in  the 
ordinary  way  by  the  action  of  nitric  acid  on  copper.  No  differ- 
ence could  be  seen  between  the  action  of  the  dry  and  the  moist 
gases.  The  effect  was  different,  however,  when  the  gas  was  pre- 
pared by  warming  the  black  compound  of  nitric  oxide  and  ferrous 
sulphate ;  the  gas  was  washed  by  passing  through  several  long  tubes 
containing  water,  and  dried  by  sulphuric  acid.  It  was  introduced 
into  one-half  of  a  tube  divided  in  the  middle  by  a  tap,  the  whole  of 
which  had  been  previously  exhausted.  Pure  oxygen  was  admitted  to 
the  other.  Each  part  of  the  tube  contained  plugs  of  phosphorus 
pentoxide,  which  dried  the  gases  separately.     After  ten  days,  the  tap 
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was  opened  and  the  gases  allowed  to  mix,  but  no  darkening  of  the 
gas  could  be  seen,  and  on  opening  under  mercury  no  contraction  was 
obsei'ved.  When  a  small  quantity  of  water  was  introduced,  dense 
brown  fumes  of  the  peroxide  were  immediately  produced. 

Combination  of  Hydrogen  Chloride  and  Ammonia. 

I  was  unaware,  at  the  time  when  the  note  in  the  Proceedings  was 
published,  that  Helmholtz  and  Richartz  (J.wn.  Phys.  Chem.,  40, 
p.  161)  had  shown  that  no  fumes  are  produced  when  these  gases, 
previously  dried,  are  brought  together ;  they,  however,  believed  that 
the  chemical  action  still  went  on,  although  the  ammonium  chloride 
was  not  precipitated  in  the  form  of  powder.  A  short  account  of  some 
experiments  on  the  subject  may,  therefore,  still  be  of  interest. 

Ammonia,  prepared  by  heating  purified  ammonium  chloride  with 
purified  lime,  was  dried  by  passing  it  first  over  solid  potash  and  then 
over  a  mixture  of  copper  oxide  and  potassium  oxide ;  the  latter, 
which  Stas  recommends  as  being  superior  to  phosphorus  pentoxide 
as  a  drying  agent,  is  made  by  fusing  finely- divided  copper  with 
potassium  nitrate.  The  ammonia  was  then  introduced  into  one  end 
of  a  tube  divided  in  the  middle  by  a  three-way  tap. 
NH,  HCl 
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When  the  ammonia  was  dried  in  this  way,  it  had  no  apparent  action 
on  phosphorus  pentoxide ;  if,  however,  the  tube  had  not  been  care- 
fully dried,  the  pentoxide  absorbed  the  ammonia,  and  formed  a  hard 
brown  mass,  a  large  amount  of  heat  being  developed.  The  hydrogen 
chloride  was  prepared  by  the  action  of  pure  sulphuric  acid  on  recrys- 
tallised  sodium  chloride,  and  introduced  into  the  other  part  of  the 
tube.  After  standing  a  week,  the  gases  were  allowed  to  pass  through 
the  tap  and  mix  by  diffusion  ;  no  white  fumes  were  produced.  On 
connecting  the  interior  of  the  tube  with  dried  mercury,  by^ means  of 
the  third  limb  of  the  tap,  no  rise  of  the  mercury  took  place,  showing 
that  no  combination  of  the  gases  had  taken  place.  I  afterwards 
found  that  the  long  drying  tubes  used  for  the  ammonia  gas  were  not 
absolutely  necessary.  If  the  phosphorus  pentoxide  be  saturated  with 
ammonia  gas,  the  substance  produced  acts  as  a  drying  agent,  though 
not  so  efficiently  as  the  unaltered  pentoxide. 
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If  a  trace  of  moist  air  be  admitted  to  the  mixture  of  dry  gases, 
dense  white  fumes  are  at  once  produced,  and  the  mercury  rashes  up 
into  the  tube.  As  will  be  seen  later,  a  large  number  of  experiments 
have  been  done  with  these  gases,  all  confirming  the  conclusion  that, 
when  dried,  they  do  not  unite  directly. 

Dissociation  of  Ammonium  Chloride. 

It  was  thought  that  a  convenient  method  for  obtaining  the  mixture 
of  dry  ammonia  and  hydrogen  chloride  gases  would  be  to  heat  dry 
ammonium  chloride  in  a  dry  tube,  and,  since  it  dissociates,  the  tube 
would  be  left  filled  with  the  dry  gaseous  mixture.  Soft  glass  tubes 
were  first  taken,  heated  to  near  their  melting  point  while  a  current  of 
air  was  passed  through  them,  and  allowed  to  cool.  Plugs  of  phos- 
phorus pentoxide  were  introduced  into  one  end,  and  freshly  sublimed 
purified  ammonium  chloride  into  the  other.  The  tubes  were  then 
exhausted,  sealed,  and  allowed  to  stand  a  fortnight.  The  parts  con- 
taining the  phosphorus  pentoxide  were  sealed  off,  and  the  closed 
tubes,  containing  dried  ammonium  chloride  in  a  vacuum,  were  heated 
at  350°  in  an  air  bath  during  two  hours.  While  still  hot,  the  ends  of 
the  tubes  were  broken  under  mercury ;  this  rose,  on  an  average, 
about  a  third  of  the  height  of  the  tube.  There  was  no  contraction  on 
adding  a  trace  of  moisture,  but,  on  introducing  water,  the  liquid  rose 
and  filled  the  tube ;  the  water  was  very  strongly  alkaline,  and 
smelled  of  ammonia.  Into  another  tube  undried  hydrogen  chloride 
gas  was  added  over  mercury;  white  fumes  were  produced,  and  the 
mercury  rose  to  the  top.  The  gas  left  in  the  tube  must  have  been 
pure  ammonia.  I  suppose  the  hydrogen  chloride  combined  with  the 
alkali  constituent  of  the  glass,  as  the  latter  showed  some  signs  of  being 
etched.  I  found  afterwards  that  in  his  determination  of  the  vapour 
density  of  ammonium  chloride,  Bineau  (Ann.  Chim.  Phys.,  68,  416) 
noticed  that  a  soft  glass  globe  was  etched  by  ammonium  chloride 
vapour. 

Experiments  similar  to  the  above  were  then  tried  with  hard  glass 
tubes  ;  in  every  case,  whether  the  heating  was  continued  five  minutes 
or  three  hours,  the  cooled  tubes,  on  being  opened  under  mercury, 
were  completely  filled  with  the  liquid,  leaving  no  gaseous  residue 
whatever.  The  conclusion  was  then  either  that  (1)  dry  ammonia  and 
dry  hydrogen  chloride  combine  when  dry,  which,  after  some  30 
experiments  to  the  contrary,  I  could  not  believe,  or  (2)  that  dry 
ammonium  chloride  does  not  dissociate  on  heating.  The  second 
hypothesis  I  proceeded  to  test.  A  Victor  Meyer's  apparatus  was 
constructed  by  blowing  a  long  bulb  of  250  c.c.  capacity  on  a  piece  of 
hard  combustion  tubing ;  and,  in  doing  this,  I  found  how  very 
valuable  was  the  suggestion  of  Mr.  Shenstone,  that  the  oxy-hydrogen 
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blowpipe  should  be  used.  The  necessary  conducting  tube  and  means 
of  dropping  the  substance  into  the  bulb,  without  opening  the 
apparatus,  were  then  sealed  on.  The  bath  was  of  iron,  in  which 
mercury  was  boiled,  the  bath  being  enclosed  in  a  jacket  of  asbestos 
cloth.  The  apparatus  was  dried  by  heating  it  in  the  bath  and  draw- 
ing through  it  a  current  of  dried  air.  The  purified  and  dried  ammon- 
ium chloride  was  introduced  in  a  small  hard  glass  tube.  The  results 
of  the  experiments  were  as  follows. 

Calculated  for 
I.  II.  III.  IV.  V.  VI.         Mean.       no  dissociation. 

28-8      29-5      26-3      28-6      26-8       26-8       27-8  2675 

The  determinations  were  made  in  four  different  bulbs,  all  made  of 
hard  glass,  but  of  different  sizes. 

Several  attempts  were  made  to  confirm  the  result  of  the  density 
of  dry  ammonium  chloiide  vapour  obtained  above,  using  Dumas' 
method.  In  all  cases,  the  determinations  gave  values  between  13*2 
and  13'9,  showing  that  complete  dissociation  had  taken  place.  As, 
however,  the  exit  tube  was  unavoidably  open  to  the  air  during  three 
quarters  of  an  hour,  the  result  is  scarcely  to  be  wondered  at,  and  I 
think  it  may  be  assumed  that  when  dried  ammonium  chloride  is 
heated  at  350°,  it  does  not  undergo  dissociation. 

Dissociation  of  Nitrogen  Tetroxide. 

Lead  nitrate  was  purified  by  recrystailisation  and  heated  to  fusion 
in  a  carefully  di'ied  tube  containing  phosphorus  pentoxide.  A  part 
of  this  tube,  in  the  form  of  a  JJ-tube,  was  cooled  in  a  freezing  mix- 
ture. The  colourless  liquid  given  off  on  heating  the  lead  nitrate 
became  red  on  the  temperature  being  raised,  and  the  red  gas  was  very 
perceptibly  darkened  by  heating.  It  seems  probable,  as  all  possible 
precautions  were  taken  to  dry  the  gas,  that  dried  nitrogen  tetroxide 
does  undergo  dissociation. 

Comhiistion  of  Carbon  Bisulphide  in  Oxygen. 

I  showed  some  years  ago  (Phil.  Trans.,  1888,  582)  that  a  mixture 
of  very  carefully  purified  and  dried  carbon  bisulphide  and  dried 
oxygen  exploded  apparently  at  the  same  temperature,  and  with  as 
much  violence  as  when  moisture  was  present.  This  is  the  more  sur- 
prising, as  the  elements  of  which  the  bisulphide  is  composed  do  not 
burn  in  oxygen,  even  when  very  strongly  heated.  In  a  tube  in  which 
excess  of  carbon  bisulphide  vapour  had  been  exploded  with  dried 
oxygen  it  was  noticed  that,  besides  sulphur,  there  was  a  black  deposit, 
which  proved  to  be  carbon.  It  was  possible  that  the  decomposition 
of  the  bisulphide  had  been  brought  about  by  the  shock  of  the  explo- 
sion.    To  test  this,  carbon  bisulphide  vapour  was  mixed  with  dried 
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pTii-ified  nitrogen  in  a  bent  tube  standing  over  mercury.  The  closed 
end  of  tbe  tube,  which  was  horizontal,  was  heated  in  an  air-bath, 
side  by  side  with  a  tube  of  the  same  kind  of  glass  containing  a  ther- 
mometer. The  air-bath  was  provided  with  a  window  through  which 
changes  in  the  tube  could  be  observed.  Decomposition  of  the  carbon 
bisulphide  began  at  216° ;  in  another  similar  experiment  the  tempera- 
ture was  218°.  A  third  tube  was  exhausted  before  the  bulb  contain- 
ing the  carbon  bisulphide  was  broken  ;  the  temperature  at  which 
decomposition  began  in  this  tube  was  201°.  By  observing  the 
temperature  at  which  carbon  bisulphide  exploded  when  mixed  with 
dried  oxygen,  it  was  found  that  decomposition  always  must  begin 
before  interaction  with  oxygen  could  take  place.  In  the  two  experi- 
ments tried  explosion  took  place  at  258°  and  260°.  This  gives  a 
possible  explanation  of  the  burning  of  dried  carbon  bisulphide;  in 
what  is  called  "  the  nascent  state,"  it  is  not  unlikely  that  elements 
may  combine  whether  moisture  is  present  or  not. 

Decomposition  of  PotassiuTn  Chlorate. 

The  salt  was  purified  by  several  crystallisations,  and  heated  to 
incipient  fusion  to  get  rid  of  the  moisture.  A  small  quantity  was 
placed  in  a  hard  glass  tube  already  dried,  and  into  which  plugs  of 
phosphorus  pentoxide  had  been  introduced.  The  tube  was  sealed  at 
one  end  and  drawn  into  a  conducting  tube  at  the  other.  The 
potassium  chlorate  was  heated  for  many  hours  at  about  250°  to  drive 
off  moisture,  the  part  of  the  tube  containing  phosphorus  pentoxide 
being  kept  cool.  After  three  weeks  the  end  of  the  conducting  tube 
was  broken  under  dried  mercury  and  the  potassium  chlorate  heated. 
The  decomposition  took  place  apparently  without  any  difficulty.  The 
gas  evolved  did  not  attack  mercury,  and  there  was  no  alteration  in 
volume  on  the  addition  of  a  trace  of  moisture  ;  it  was  therefore 
ordinary  oxygen.  Similar  experiments  with  dried  silver  oxide  gave 
the  same  result. 

Formation  of  Ozone  from  Oxygen. 

Mr.  W.  A.  Shenstone  (Trans.,  1888,  53)  has  described  experiments 
on  the  action  of  the  electric  discharge  on  pure  dried  oxygen,  which  I 
have  repeated  with  as  much  care  as  I  was  capable  of  bestowing,  both 
in  obtaining  pure  oxygen  and  in  drying  the  tube  as  well  as  the  gas. 
Two  experiments  were  made,  one  in  which  the  drying  lasted  one 
month,  and  another  in  which  it  was  continued  for  six  months,  the 
tube  being  heated  at  intervals  in  a  bath  of  mercury  vapour  to  drive 
moisture  from  the  glass  to  the  phosphorus  pentoxide.  I  am  happy  to 
be  able  to  confirm  Mr.  Shenstone's  results  in  every  particular.  Ozone 
was  formed,  as  far  as  I  could  judge,  as  rapidly  in  the  dried  gas  as 
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it  was  in  fclie  same  tube  when  the  oxygen  had  been  dried  only  by 
sulphuric  acid.  I  also  observed  the  curious  action,  which  he  men- 
tions, of  the  dried  ozone  on  mercury;  when  the  metal  which  had 
completely  lost  its  mobility  was  shaken  with  water,  it  became  quite 
bright  and  apparently  free  from  any  trace  of  the  change  it  had 
undergone. 

Theory  of  the  Influence  of  Water  Vapour. 

With  regard  to  the  explanation  of  the  influence  of  moisture,  many 
suggestions  have  been  offered.  Professor  H.  B.  Dixon  (FMl.  Trans., 
1884,  Part  II,  629),  whose  work  on  the  effect  of  moisture  on  the 
explosion  of  carbon  monoxide  and  oxygen  first  brought  the  subject 
prominently  into  notice,  suggested  a  purely  chemical  hypothesis,  that 
the  water  vapour  gave  up  oxygen  to  the  carbon  monoxide,  and  that 
the  liberated  hydrogen  combined  with  more  oxygen.  Traube  has 
suggested  (J5er.,  26,  1471)  that  hydrogen  peroxide  is  first  formed, 
water  thus  acting  as  a  carrier  for  oxygen,  by  combination,  rather 
than  as  in  Professor  Dixon's  theory,  by  decomposition.  Mr.  A. 
Vernon  Harcourt,  in  a  discussion  at  the  Ashmolean  Society  in 
Oxford,  in  1884,  first  suggested  that  the  explanation  was  to  be 
sought  rather  from  a.  physical  than  a  chemical  point  of  view.  Dr. 
Armstrong's  theory  of  "  reversed  electrolysis "  is  well  known.  I 
hope  in  the  second  part  of  my  paper  to  deal  with  the  question  of 
bodies  which  will  behave  as  substitutes  for  water  vapour  in  bringing 
about  the  combination  of  purified  substances. 

With  regard  to  the  explanation  of  the  phenomena,  I  may  perhaps 
be  allowed  briefly  to  indicate  the  direction  in  which  I  am  working, 
although  the  experiments  in  some  cases  are  not  complete.  I  have 
long  believed  in  the  possibility  of  an  electrochemical  theory  of  com- 
bination which  should  be  free  from  the  objections  urged  against  that 
of  Davy  and  Berzelius.  It  seemed  desirable  to  investigate  the  ques- 
tions which  apparently  lie  at  the  root  of  the  whole  matter,  whether 
the  molecules  of  substances  capable  of  combining  are  at  a  different 
electric  potential,  and  whether  this  difference  of  potential  increases 
as  the  bodies  are  brought,  either  by  increase  of  temperature  or  other- 
wise, nearer  to  the  point  of  chemical  combination.  Also,  if  this 
difference  of  potential  should  be  proved  to  exist,  whether  it  was  in 
any  way  proportional  to  the  chemical  attraction  between  the  sub- 
stances. Finally,  if  conditions  which  affected  chemical  change,  affected 
in  the  same  direction  the  passage  of  electric  discharge. 

The  direct  investigation  of  the  electrical  conditions  of  the  molecules 
of  gases  in  a  mixture  seemed  to  be  an  impossibility.  By  an  indirect 
method,  however,  I  have  obtained  some  results  which  I  believe  throw 
some  light  on  the  matter.    Dried  hydrogen  chloride  does  not  combine 
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-with  dry  ammonia.  A  mixture  of  these  gases  in  equal  volumes  was 
introduced  into  a  glass  tube  about  half  a  metre  long,  divided  in  the 
middle  by  a  three-way  tap  ;  at  the  ends  of  the  tube  were  pieces  of 
platinum  to  which  were  attached  platinum  wires,  sealed  into  glass 
tubes,  which  passed  through  the  stoppers  of  the  large  tube. 
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Platinum  plate 


Platinum  plate. 


The  two  parts  of  the  tube  being  in  connection,  the  platinum  plates 
were  connected  to  the  terminals  of  a  small  Wimshurst  machine,  which 
at  the  time  gave  sparks  3  cm.  long  in  air.  The  machine  was  worked 
continuously  during  three  hours  in  the  first  experiment.  The  tap 
was  then  closed,  and  the  gases  in  the  two  parts  of  the  tube  were 
examined.  Separation  of  the  mixture  was  found  to  have  taken  place ; 
the  gas  in  the  part  of  the  tube  containing  the  positive  plate  reddening 
litmus,  while  the  gas  in  the  other  part  turned  it  blue.  The  experi- 
ment was  several  times  repeated,  and  always  with  the  same  result. 
To  make  the  evidence  of  the  separation  more  complete,  an  experiment 
was  done  without  previously  mixing  the  gases.  Ammonia  gas  was 
placed  in  the  part  containing  the  positive  plate,  and  hydrogen  chloride 
in  that  containing  the  negative  plate.  After  an  hour's  electrification 
of  the  plates,  the  ammonia  was  found  in  excess  in  the  part  containing 
the  negative  plate,  and  the  hydrogen  chloride  in  excess  in  the  other. 
The  amount  of  separation  was  never  very  great,  but  the  evidence  of 
it  was  always  conclusive. 

Similar  experiments  with  air,  dried  by  sulphuric  acid,  showed  that 
after  the  electrification  there  was  1'8  per  cent,  more  oxygen  in  the  part 
of  the  tube  containing  the  positive  plate  than  there  was  in  that  con- 
taining the  negative  plate.  Using  a  mixture  of  hydrogen  and  oxygen, 
dried  by  phosphorus  pentoxide,  analysis  showed  an  excess  of  2'3  per 
cent,  of  oxygen  in  the  part  of  the  tube  containing  the  positively 
charged  plate.  These  experiments  seem  to  show  that  mixed  gases 
can  be  partially  separated  by  the  attraction  of  their  molecules  for 
plates  which  are  oppositely  charged.*     It  is  probable,  therefore,  that 

*  While  these  experiments  were  in  progress,  a  paper  by  Mr.  E.  C.  C.  Baly  was 
communicated  to  the  Physical  Society  (Nov.,  1892),  in  which  results  of  much  the 
same  kind  as  those  described  above  are  recorded.  He  showed  that  separation  of 
gases  in  a  mixture  could  be  brought  about  by  a  discharge  through  nearly  ex- 
hausted tubes.  I  do  not  think  my  results  are  brought  about  by  the  same  causes  as 
his,  as  no  discharge  would  be  likely  to  jjass  through  a  tube  half  a  metre  long,  filled 
with  gases  at  the  ordinary  pressure.  Possibly  his  results  may  be  explained  by 
VOL.    LXV,  2  X 
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the  molecules  of  sucli  gases  are  themselves  electrically  charged. 
Whether  this  charge  on  the  molecules,  if  it  exists,  is  theirs  intrinsic- 
ally, or  if  it  is  produced  by  contact,  like  the  charges  of  zinc  and  copper 
when  joined,  could  be  shown  by  similar  treatment  of  a  single  gas.  If 
it  has  an  intrinsic  charge,  there  should  be  greater  condensation  at  one 
plate  than  at  the  other.     This  experiment  I  have  not  yet  ti'ied. 

With  the  view  of  finding  out  if  gases  were  electrified  by  contact 
with  substances  with  which  they  may,  under  some  circumstances, 
combine,  experiments  were  made  to  measure  the  electrification  of 
pure  mercury  when  shaken  in  tubes  containing  different  gases.  The 
arrangement  consisted  of  a  long  glass  tube,  into  one  end  of  which  a 
platinum  wire  was  sealed.  Dried  re-distilled  mercury  was  introduced 
into  it,  and  the  tube  was  heated  while  a  current  of  dried  air  passed 
through  it.  Phosphorus  pentoxide  was  introduced  at  one  end,  and 
the  tube  was  filled  with  the  gas  to  be  used,  by  exhausting  while  still 
hot,  and  then  admitting  the  purified  gas ;  this  process  being  repeated 
four  times  before  the  tube  was  sealed.  After  being  left  in  contact 
with  the  phosphorus  pentoxide  for  a  fortnight,  the  part  containing  the 
pentoxide  was  sealed  off.  By  shaking  the  mercury  at  one  end  and 
allowing  it  to  run  down  to  the  other,  which  was  furnished  with  the 
platinum  wire,  the  electrification  could  be  seen  by  joining  the  wire  to 
the  knob  of  a  quadrant  electrometer.  In  pure  oxygen  the  electrifica- 
tion was  very  large,  the  image  of  the  mirror  swinging  quite  off  the 
scale,  but  when  nitrogen  was  used  the  deflection  was  only  20  divisions 
out  of  100  on  the  same  scale. 

This  method  is  unsatisfactory  because  the  electrification  of  the 
mercury  due  to  its  contact  with  the  glass  is  measured  as  well  as  that 
due  to  its  contact  with  the  gas.  The  very  decided  difference  showed 
however  that  the  nature  of  the  gas  had  an  effect  on  the  electrifica- 
tion of  the  metal.  Professor  J.  J.  Thomson  {Phil.  Mag.,  April, 
1894)  has  devised  a  method  which  is  free  from  the  objection  stated 
above,  by  measuring  the  electrification  of  drops  of  various  liquids 
after  they  have  fallen  through  different  gases.  From  his  results,  I 
think  it  may  be  concluded  that  the  electrification  of  the  drops  is 
dependent  on  the  chemical  attraction  for  the  gases  through  which 
they  fall,  and  that  it  also  varies  if  the  temperature  is  altered. 

I  have  begun  some  experiments  on  the  thermo-electric  behaviour 
of  metals  in  different  gases  ;  the  differences  noticed  are  very  remark- 
able, but  as  yet  the  experiments  have  not  been  repeated  often  enough 
for  the  results  to  be  published, 

supposing  that  the  discharge  in  some  cases  first  brought  about  combination  of  the 
gases  in  the  mixture,  and  that  the  comjiound  produced  underwent  electrolysis,  such 
as  Professor  J.  J.  Thomson  has  shown  to  take  place  when  an  electric  discharge  is 
passed  through  steam. 
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With  the  object  of  finding  if  electric  discharge  bears  any  analogy 
to  the  process  of  chemical  combination,  or  has  any  relation  to  it,  some 
experiments  were  undertaken  a  year  ago  with  the  view  of  finding 
whether  electric  discharge  could  take  place  in  a  dried  gas.  Tubes 
were  constructed  as  shown  in  the  diagram,  in  which  platinum  wires 
could  be  made  to  move,  so  that  the  gap  between  them  could  be  in- 
creased or  diminished. 


5-0 


^-O 


P2O5 

One  tube  contained  air  dried  by  sulphuric  acid,  and  another  air 
dried  by  phosphorus  pentoxide.  In  one  experiment,  using  three 
bichromate  cells,  sparks  could  be  obtained  in  the  moist  tube  by 
bringing  the  wires  into  contact  and  then  disconnecting  them,  but 
none  could  be  seen  in  the  dry  tube,  even  in  the  dark.  When  using  a 
feeble  discharge  from  a  Ruhmkorff's  coil  no  sparks  passed  in  the 
dried  air,  althoagh  sparks  passed  readily  in  the  moist  tube,  even  when 
the  sparking  distance  was  greater  ;  this  i-esult  confirms  that  obtained 
by  Professor  J.  J.  Thomson  {Fhil.  Mag.,  Oct.,  1893).  When  a  strong 
discharge  from  a  Wimshurst  machine  was  used,  it  was  found  to  pass 
readily  in  the  dried  air,  and  the  air  now  allowed  the  feebler  discharge 
to  pass.  The  result  of  this  experiment  bears  a  striking  relation  to 
the  phenomenon  discovered  by  Faraday,  that  a  strong  discharge 
through  a  gas  renders  a  feeble  one  capable  of  passing  along  its  path. 
In  investigating  the  electrification  of  mercury  in  different  dried 
gases,  some  tubes  were  exhausted.  It  was  found  that  the  beautiful 
glow  produced  by  shaking  the  mercury,  gradually  diminished  as  the 
drying  action  by  phosphorus  pentoxide  proceeded,  and  disappeared 
altogether  after  the  gases  bad  been  drying  about  two  days.  The 
disappearance  of  the  glow  might  have  been  caused  by  the  heighten- 
ing of  the  vacuum  by  the  removal  of  moisture  to  such  an  extent  that 
a  discharge  could  not  take  place.  To  show  that  this  was  not  the 
case,  dried  gas  was  admitted  to  one  tube  which  was  then  re- 
exhausted,  but  no  glow  could  be  obtained. 

I  believe  that  the  above  experiments  indicate  that,  with  regard  to 
the  presence  of  moisture,  electric  discharge  is  affected  in  the  same 
way  as  chemical  combination.  This  may  only  be  a  coincidence,  but 
if  it  can  be  regarded  as  proved  that  substances  which  are  capable  of 

2x2 
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chemically  combining  are  electrically  charged,  the  result  will  have 
great  significance. 

It  may  be  possible,  by  a  further  study  of  the  action  of  light  on 
chemical  combination,  to  establish  some  connection  between  its  in- 
fluence and  the  remarkable  influence  of  light  on  electric  discharge 
noticed  by  Hertz  and  others. 

General  Conclusions. 

1.  Sulphur  trioxide  does  not  combine  with  dry  lime  or  dry  copper 
oxide. 

2.  Dried  ammonium  chloride  may  be  sublimed  from  a  mixture  of 
the  salt  with  dried  lime  without  ammonia  being  liberated. 

3.  Dried  hydrogen  and  chlorine  may  be  exposed  to  sunlight  for 
two  days  without  anything  like  complete  interaction  taking  place. 

4.  Purified  and  dried  nitric  oxide  and  dried  oxygen  do  not  inter- 
act. 

5.  Hydrogen  chloride  when  dried  does  not  combine  with  dried 
ammonia  gas. 

6.  Dried  ammonium  chloride  does  not  dissociate  when  heated  to 
350°. 

7.  Nitrate  of  lead  decomposes  when  dried,  and  the  red  fumes 
darken  on  heating. 

8.  The  combustion  of  carbon  bisulphide  in  dried  oxygen  is  prob- 
ably due  to  the  previous  splitting  up  of  the  substance  when  heated. 

9.  Dried  potassium  chlorate  and  silver  oxide  decompose  on  heating, 
giving  off  ordinary  oxygen. 

10.  Ozone  is  produced  by  the  electrification  of  dried  oxygen. 

11.  Dried  ammonia  and  hydrogen  chloride  can  be  partially  sepa- 
rated from  a  mixture  of  these  gases  when  oppositely  charged  plates 
are  placed  in  the  mixture,  the  ammonia  passing  to  the  negative  plate 
and  hydrogen  chloride  to  the  positive. 

12.  Low  tension  electric  discharges  do  not  pass  in  dried  gases 
unless  a  strong  discharge  has  been  previously  sent  through  them, 

I  wish  to  give  my  best  thanks  to  Dr.  Armstrong  for  much  kind 
encouragement  during  the  progress  of  this  research,  to  the  Royal 
Society  for  a  Goveiniment  Grant  to  enable  me  to  carry  it  on,  and  I 
wish  also  to  express  my  sense  of  obligation  to  Shrewsbury  School,  in 
whose  laboratory  a  considerable  part  of  the  experimental  work  was 
done. 

Appendix. 

Chemical  actions  on  which  the  effect  of  the  presence  of  moisture 
has  been  investigated. 
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(a.)  Combinations  of  elements — 

Sodium  and  chlorine  (Wanklyn,  CTiem.  Neios,  20,  271). 
Other  metals  and  chlorine  (Cowper,  Trans.  Chem.  Soc,  1876). 
Hydrogen  and   chlorine    (Pringsheim,  Ann.   Chim.   Phys., 

1887,  421  ;  Dixon  and  Harker,  Oivens  College  Researches,  1). 
Potassium  and  sodium  with  oxygen  (Holt  and  Sims,  Trans., 

Chem.  Soc,  1894). 
Hydrogen  and  oxygen  (Dixon,  Phil.  Trans.,  1884;  v.  Meyer, 

Bar.,  1893). 
Carbon,  phosphorus,  sulphur,  boron,*  arsenic,*  antimony,* 

selenium,*  tellurium   and  oxygen    (Baker,  Phil.   Trans., 

1888). 

(b.)  Interactions  of  compounds  with  elements — 

Carbon  monoxide  and  oxygen  (Dixon,  Phil.  Trans.,  1884). 
Nitric  oxide  and  oxygen. 

(c.)   Decomposition  of  compounds  by  elements — 

Cyanogen  and  oxygen  (Dixon,  Trans.  Chem.  Soc,  1886). 
*Carbon  bisulphide  and  oxygen  (Baker,  Phil  Trans.,  1888). 
Sodium    and   aluminium  with   hydrogen   chloride    (Cohen, 
Chem.  News,  54,  102). 

(d.)  Combinations  of  compounds  with  compounds — 
Ammonia  and  hydrogen  chloride. 
Lime  and  sulphur  trioxide. 
Copper  oxide  and  sulphur  trioxide. 
Lime  and  carbon  dioxide  (Veley,  Trans.  Chem.  Soc,  1892). 

(e.)   Double  decompositions — 

Lime  and  ammonium  chloride. 

Hydrogen  sulphide  and  metallic  salts  (Hughes,  Phil.  Mag., 

1893). 
Hydrogen   chloride  and    calcium    carbonate  (Hughes   and 
Wilson,  Phil.  Mag.,  1892). 

(/.)  Dissociations — 

Ammonium  chloride. 
*Nitrogen  tetroxide. 

(gr.)  Allotropic  changes — 

*Amorphous  phosphorus   to   yellow   phosphorus    by   heat, 

yellow  phosphorus  to  amorphous  by  exposure  to  sunlight. 
*Oxygen  to  ozone   (Shenstone  and  Cundall,   Trans.  Chem. 

Soc,  1887). 

•  Unaffected  by  the  presence  of  moisture,  so  far  as  the  actions  have  been  in- 
vestigated. 
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(h.)  Decompositions — 

*CaTbon  bisulpliide. 
*Potassiiim  chlorate. 
*Silver  oxide. 
*Lead  acetate. 

The  investigation  o£  the  actions  to  which  no  reference  is  appended 
is  described  in  the  foregoing  paper. 


LI. — Notes  on  the  Cupellation  of  Bismuth-silver  Alloys. 

By  Ernest  A.  Smith,  Assos.  R.S.M.,  Assistant  Instructor  in  Assay- 
ing, Royal  School  of  Mines,  London. 

The  loss  of  silver  during  the  cnpellation  of  lead-silver  alloys  has 
been  the  subject  of  a  large  number  of  experiments  at  various  times, 
but  comparatively  few  results  have  been  published  on  the  loss  of 
silver  by  the  cupellation  of  bismuth-silver  alloys.  It  has  been 
stated  in  Percy's  "Metallurgy  of  Lead,"  that  bismuth  may  be  sub- 
stituted for  lead  in  the  process  of  cupellation.  A  series  of  experi- 
ments was  made,  some  years  ago,  in  the  Metallurgical  Laboratory 
of  the  Royal  School  of  Mines  by  Mr.  Burbidge  Hambly  (Ghem.  Gaz., 
1856,  185 — 6)  on  the  cupellation  of  lead-silver  alloys,  which  proved 
that  as  the  weight  of  the  silver  cupelled  decreases,  so  the  loss  of  that 
metal  very  slightly  increases,  provided  the  ratio  of  lead  used  is  con- 
stant. His  results  also  confirm  the  fact  that  with  increase  in  the 
ratio  of  lead  there  is  an  increase  in  the  loss  of  silver. 

The  following  experiments  were  made  in  order  to  ascertain  whether 
the  loss  of  silver  by  cupellation  was  the  same  when  varying  quanti- 
ties were  used,  the  ratio  in  the  amount  of  bismuth  used  in  the  place  of 
lead  being  kept  constant,  and  also  to  find  the  loss  of  silver  when 
that  of  the  bismuth  used  in  cupelling  was  gradually  increased. 

The  quantities  of  bismuth  and  silver  taken  were  the  same  as  those 
employed  by  Mr.  Hambly  for  the  experiment  with  lead  and  silver, 
which  are  given  in  Tables  I  and  III. 

The  purity  of  the  bismuth  was  a  matter  of  first  importance,  and  as 
commercial  bismuth  generally  contains  a  small  percentage  of  gold 
and  silver,  the  bismuth  was  purified  in  the  following  manner :  — 

Refined  bismuth  was  crushed  to  a  powder,  dissolved  in  warm  nitric 
acid,,  and  the  clear  solution  diluted  largely  with  distilled  water  so  as 
to  precipitate  the  bismuth.  The  nitrate  was  digested  in  a  solution 
of  potash,  well  washed  with  distilled  water,  dried,  and  reduced  to  the 

*  Unaffected  by  the  presence  of  moisture,  so  far  as  tlie  actions  haye  been  in- 
vestigated. 
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metallic  state  by  heating  with  charcoal  powder  in  a  clay  crucible ;  the 
metal  being  cast  into  a  flat  ingot,  which  was  subsequently  crushed 
to  a  coarse  powder. 

The  silver  used  in  the  experiments  was  fine  silver,  re-purified  by 
being  dissolved  in  dilute  nitric  acid,  precipitated  as  chloride  with 
hydrochloric  acid,  washed  thoroughly  with  hot  water  by  decantation, 
and  dried.  The  chloride  was  reduced  by  fusion  with  sodium 
carbonate,  cast  into  a  small  ingot  mould,  and  rolled  out  to  a  thin 
sheet  for  convenience  in  cutting  up.  As  the  silver  could  not  be 
wrapped  up  in  the  bismuth,  as  is  the  case  when  lead  is  used,  the 
alloys  were  made  by  catting  the  silver  into  small  pieces  and  mixing 
it  with  bismuth  in  the  form  of  a  coarse  powder.  The  weighed 
quantities  were  wrapped  in  a  piece  of  tissue  paper  and  carefully 
transferred  to  the  cupels  which  were  previously  heated  in  the 
muffle. 

In  some  cases  the  bismuth  and  silver  were  wrapped  up  together 
and  transferred  to  the  cupel,  and  in  other  cases  the  silver  was 
wrapped  alone  in  the  tissue  paper  and  placed  upon  the  cupel,  and  the 
bismuth,  also  wrapped  in  tissue  paper,  added  immediately  after- 
wards. 

It  is  well  known  that  the  process  of  cupellation  is  liable  to  be 
affected  by  a  variety  of  circumstances,  its  results  being  especially 
affected  by  the  temperature  of  the  muffle  during  the  operation  (cf. 
T.  K.  Rose,  Trans.,  1893,  63,  700).  In  order,  therefore,  to  ensure  a 
proper  adjustment  of  the  heat,  and  thus  obtain  uniformity  of  tempera- 
ture, the  optical  pyrometer  devised  by  Messrs.  Nouel  and  Mesure 
was  used.  As  the  instrument  is  not  capable  of  registering  tem- 
peratures to  a  high  degree  of  accuracy,  it  was  used  less  to  measure 
the  temperature  of  the  muffle  than  to  follow,  by  observations  com- 
parable with  each  other,  the  variations  of  heat.  The  temperature  was 
slightly  lower  than  that  usually  used  for  the  cupellation  of  lead-silver 
alloys,  the  melting  point  of  bismuth,  270°  being  somewhat  below  that 
of  lead,  334°.  French  cupels,  manufactured  by  Deleuil,  of  Paris, 
were  used. 

The  iridescent  bands  which  pass  over  the  surface  of  the  silver 
buttons  towards  the  end  of  the  cupellation,  and  which  are  produced 
by  extremely  thin  films  of  fluid  litharge  formed  from  the  last  traces  of 
bismuth,  appeared  to  be  somewhat  brighter  in  the  cupellation  with 
bismuth  than  in  the  case  of  lead.  It  is  also  interesting  to  note  that 
when  equal  quantities  of  lead  and  of  bismuth  are  cupelled  in  a 
muffle  at  the  same  time,  the  oxidation  proceeds  more  slowly  in  the 
case  of  bismuth  than  in  the  case  of  lead,  the  cupellation  of  the  lead 
being  finished  some  minutes  before  that  of  the  bismuth.  In  order 
to  avoid  the  "  spitting  "  of  the  silver  buttons,  the  muffle  was  allowed 
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to  cool  slowly  until  they  were  set,  after  which  they  were  cleaned  and 
weighed.  In  all  cases,  the  buttons  were  bright  and  well  rounded. 
The  following  tables  give  the  results  obtained  : — 

Table  I. — Mean  Results  obtained  hy  Mr.  Harribly  on  Cupelling  a  Mix- 
ture of  Lead  and  Silver  in  a  Constant  Ratio. 


Quantity 

of  lead 

used. 

Quantity 

of  silver 

used. 

Mean  weight 

of  silver  globule 

obtained. 

Calculated 

weight  of  silver 

per  cent. 

Loss  of  silver 
per  cent. 

250 

100 

10 

25 

10 

1 

24  -733 

9-886 
0-988 

98  -932 
98 -865 

98-775 

1-068 
1-135 
1-225 

Table  II. — Results  obtained  with  Bismuth  and  Silver. 


Quantity 

of  lead 

used. 

Quantity 

of  silver 

used. 

Mean  result 

of  silver  globule 

obtained. 

Calculated 

weight  of  silver 

per  cent. 

Loss  of  silver 
per  cent. 

250 

100 

10 

25                     24  -391 

10                       9  -741 

1                       0-973 

97  -566 
97  -416 
97  -370 

2-434 
2-584 
2-630 

Mr.  Hambly  has  concluded  that,  provided  lead  and  silver  be  taken 
in  a  constant  ratio,  the  loss  of  silver  very  slightly  increases  according 
to  the  decrease  in  the  weight  of  the  silver  cupelled.  From  the  above 
experiments,  which  are  the  mean  results  of  a  large  series  of  cupella- 
tions,  I  think  the  conclusion  may  be  drawn  that  a  very  much  greater 
loss  takes  place  when  bismuth  is  present  under  the  same  conditions, 
instead  of  lead,  although  the  ratio  of  the  loss  appears  to  be  about 
the  same. 

The  experiments  given  in  Tables  III  and  IV  tend  to  confirm  the 
fact  already  known,  that  an  increasing  ratio  of  lead  or  bismuth  pro- 
duces an  increasing  loss  of  silver ;  the  loss,  however,  being  very  much 
greater  in  the  case  of  bismuth. 

To  determine  with  accuracy  and  in  a  thoroughly  satisfactory  manner 
the  extent  and  exact  ratio  of  the  loss  of  silver  in  the  cupellation 
with  either  lead  or  bismuth,  a  much  larger  number  of  cupellafcions 
are  requisite. 

As  the  loss  of  silver  by  volatilisation  during  cupellation  is  alto- 
gether inconsiderable,  unless  the  temperature  at  which  the  operation 
has  been  conducted  has  been  much  too  high,  the  loss  is  evidently  due 
to  the  fact  that  silver  is  absorbed  by  the  cupel. 
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Table  III. — Mean  Results  obtained  by  Mr.  Hambly  on  Cupelling  Lead 
and  Silver,  Lead  being  tahen  in  gradually  increasing  Ratio.  The 
weight  of  the  Silver  used  in  each  of  the  following  Experiments  was 
5  grains. 


Ratio  of 

Percentage  of 
silver. 

Mean  result 

Calculated 

Lead. 

lead  to 

of  silver 

loss  of  silver 

silver. 

obtained. 

per  cent. 

5 

1  to  1 

50-00 

4-972 

0-55 

15 

3    „    1 

25-00 

4-955 

0-90 

25 

5    „   1 

16-16 

4-945 

1-11 

35 

7   „    1 

12-50 

4-941 

1-18 

45 

9    „    1 

10-00 

4-933 

1-34 

50 

10   „   1 

9-09 

4-924 

1-52 

75 

15    „    1 

6-25 

4 -9]  9 

1-62 

100 

20    „    1 

4-76 

4-916 

1-68 

125 

25    „    1 

3-84 

4-912 

1-76 

175 

35    „    1 

2-77 

4-906 

1-88 

Table  IV. — Results  obtained  with  Bismuth  and  Silver.     5  grains  of 
Silver  was  used  in  each. 


Ratio  of 

Percentage  of 
silver. 

Mean  result 

Calculated 

Bismuth. 

bismuth 

of  silver 

loss  of  silver 

to  silver. 

obtained. 

per  cent. 

5 

1  to  1 

50-00 

4-967 

0-660 

10 

2  „  1 

33-33 

4-964 

0-720 

15 

3  „  1 

25-00 

4-955 

0-900 

25 

5  „  1 

16-16 

4-940 

1-190 

35 

7  „  1 

12-50 

4-924 

1-520 

45 

9  „  1 

10-00 

4-909 

1-820 

50 

10  „  1 

9-09 

4-898 

2-034 

75 

15  „  1 

6-25 

4-878 

2-428 

100 

20  „  1 

4-76 

4-832 

3-354 

125 

25  „  1 

3-84 

4-808 

3-840 

175 

35  „  1 

2-77 

4-768 

4-640 

The  bismuth  was  extracted  from  the  cupels  in  the  following 
manner: — After  breaking  off  and  rejecting  the  white  portions  of 
the  cupels,  the  stained  portion  was  powdered  and  passed  through  a 
sieve  of  about  GO  holes  to  the  linear  inch.  The  powder  was  then 
mixed  with  suflS^cient  charcoal  powder  to  reduce  all  the  oxide  of 
bismuth  present,  and  with  fluxes  in  the  following  proportions. 

Powdered  cupels 1000  grains 

Fluor  spar 800      „ 

Sodium  carbonate 400      „ 

Borax 200      „ 

Charcoal 45-50      „ 
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The  mixture  was  fused  in  a  clay  crucible  in  a  wind  furnace  at  a 
red  heat,  and  the  contents  poured  when  the  charge  was  in  the  state 
of  tranquil  fusion. 

300  grains  of  the  bismuth  extracted  from  the  cupels  used  for  a 
large  number  of  the  experiments,  when  cupelled  gave  0'294  grain  of 
silver,  equal  to  0*098  per  cent. 

The  following  result  was  obtained  by  the  cupellation  of  the  lead 
extracted  from  a  cupel  upon  which  175  grains  of  lead  had  been 
cupelled  with  5  grains  of  silver. 

"Weight  of  silver  button  from  1st  cupel  =  4'908  grains  =  98'160  p.c. 
„      2nd     „     =  0-075       „       =    1-500    „ 


Total  weight  of  silver  obtained =  4-983       „       =  99-660 

Loss  0-017       „  0-340 


5-000  100-000 

The  cupellation  of  the  bismuth  extracted  from  a  cupel  used  for  the 
cupellation  of  175  grains  of  bismuth  with  5  grains  of  silver  gave 

Weight  of  silver  from  Ist  cupel  4*795  grains  =  95-900  per  cent. 
„      2nd     „      0-204       „       =    4-080 


Total  weight  of  silver  obtained   4-999       „      =  99-980 
Loss 0-001       „       =    0-020 


5-000  100-000 


The  accompanying  diagram  helps  to  illustrate  more  clearly  the 
losses  which  take  place. 


LII. — Connection  hetwee^i  the  Atomic  Weight  of  Con- 
tained Metals, and  the  Crystallographical  Characters 
of  Isomorphous  Salts.  A  Comparative  Crystallo- 
graphical Study  of  the  Normal  Sulphates  of  Potas- 
sium, Rubidium,  and  Ccesimn. 

By  Alfred  E.  Tutton,  Assoc.  R.C.S.,  Demonstrator  of  Chemistry  at 
the  Royal  College  of  Science,  South  Kensington. 

The  interesting  relationships  brought  to  light  by  the  detailed 
goniometrical  investigation  of  the  double  sulphates  of  the  series 
E-2M(S04)2,6H20,  in  which  R  was  represented  by  potassium,  rubidium, 
and  cassium,  communicated  to  the  Society  last  year  (Trans.,  1893,  63, 
337),  rendered  a  similar  study  of  the  simple  normal  sulphates  of  these 
alkali  metals  particularly  desirable.    The  problem  was  a  more  diflficult 
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LOSS   OF  SILVER  PER  CENT  WHEN  CUPELLED 
WITH   LEAD  AND  WITH  BISMUTH. 
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one,  however,  by  reason  of  the  higher  symmetry  of  the  crystals  of  the 
normal  sulphates  of  potassium,  rubidium,  and  caesium,  aud  the  con- 
sequent minuteness  of  the  differences  between,  their  respective  angles. 
The  changes  in  the  magnitudes  of  the  angles  in  the  case  of  the  mono- 
clinic  double  sulphates,  on  passing  from  a  potassium  to  a  rubidium 
salt  and  from  a  rubidium  to  a  caesium  salt,  were  shown  to  be  relatively 
considerable,  frequently  exceeding  a  whole  degree  of  arc,  and  there- 
fore widely  removed  from  the  limits  of  experimental  and  formational 
error.  In  the  case  of  the  simple  normal  sulphates,  however,  which 
crystallise  in  the  rhombic  system  of  symmetry,  the  angular  differences 
are  very  much  less  than  this  ;  the  greatest  difference  between  analo- 
gous angles  amounts  only  to  between  20  aud  30  minutes  of  arc,  and 
by  far  the  greater  number  of  angles  exhibit  differences  less  than 
15  minutes  of  arc.  Hence  extreme  care  has  been  required  in  order  to 
obtain  pure  salts  and  crystals  free  from  formational  distortion. 

It  might  be  expected  that  the  well-known  and  important  salts 
which  form  the  subject  of  this  communication  would  have  long  ago 
been  fully  worked  out  and  described.  This,  however,  is  not  the  case. 
The  data  at  present  current  concerning  the  crystallography  of  potas- 
sium sulphate  is  inadequate  for  the  purpose  in  view,  while  that  con- 
cerning the  sulphates  of  rubidium  and  caesium  is  not  only  much  less 
adequate  than  in  the  case  of  potassium  sulphate,  but  is  also  in- 
accurate, and  completely  misleading  when  employed  for  comparative 
purposes.  For  instance,  the  ratios  of  the  crystallographical  axes 
currently  accepted,  and  apparently  the  only  determinations  which 
have  ever  been  made,  are  those  given  by  Mitscherlich  in  the  year 
1830  for  potassium  sulphate,  Bunsen's  values,  published  in  1861,  for 
rubidium  sulphate,  and  those  given  by  Topsiie  from  measurements 
made  by  von  Lang  in  1867  for  caesium  sulphate.  These  values  are 
as  follows,  arranged  in  the  axial  order  now  usually  employed. 

For  K2SO4   a:b:c  =  0-5727  :  1  :  07464 

„    UhSOi a:h  :  c  =  0-5723  :  1  :  0-7522 

„     CS2SO4 a  :  6  :  c  =  0-5805  :  1  :  0-7400 

Topsoe  (Tidsskrift  for  Physik  og  Ghemi,  8,  5,  193,  321,  and  9,  225) 
adopts  these  ratios  in  his  celebrated  classification  of  isomorphous 
series.  It  will  at  once  be  observed  that  if  the  above  ratios  are  correct,  all 
idea  of  progression  according  to  the  atomic  weight  of  the  contained 
metal  is  directly  negatived,  for  the  differences  between  similar  ratios 
in  the  three  salts  are  sufficiently  large  to  have  real  significance,  par- 
ticularly in  the  case  of  the  ratio  c  :  b.  In  view  of  the  very  positive 
evidence  that  such  a  progression  does  exist  in  the  case  of  potassium, 
rubidium,  and  caesium,  afforded  by  the  results  of  the  goniometrical 
investigation  of  the  double  sulphates,  it  was  of  the  first  importance 
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that  tlie  simple  sulphates  should  be  subjected  to  a  thorough  crystallo- 
graphical  examination.  That  a  progression  according  to  atomic 
weight  is  to  be  expected,  is  further  indicated  by  the  recently  pub- 
lished work  of  Muthmann  (Zeitschrift  fiir  KrystallograpJiie,  22,  497) 
concerning  the  permanganates  of  potassium,  rubidium,  and  csesium. 
Muthmann  finds  that  the  rule  established  by  the  author  in  case  of  the 
double  sulphates,  that  "  the  magnitudes  of  all  the  angles  upon  the 
crystals  of  the  rubidium  salts  lie  between  the  magnitudes  of  the 
correspondicg  angles  upon  the  crystals  of  the  potassium  and  cossium 
salts,"  holds  throughout  in  the  case  of  the  permanganates.  The  rule 
also  enunciated  in  the  case  of  the  double  sulphates  that  "  the  differences 
between  the  magnitudes  of  many  of  the  angles  of  the  caesium  and 
rubidium  salts  are  much  larger  than  those  between  the  rubidium  and 
potassium  salts,"  is  likewise  followed  by  the  permanganates,  the  change 
brought  about  by  the  introduction  of  the  heavy  csesium  atom  instead 
of  rubidium  being  relatively  greater  than  that  caused  by  the  replace- 
ment of  potassium  by  rubidium.  The  necessity,  therefore,  for  a 
detailed  study  of  the  sulphates  of  the  three  metals  is  thus  seen  to  have 
been  paramount. 

The  investigation  of  the  double  sulphates  above  referred  to  was 
confined  to  the  goniometrical  relationships.  The  optical  and  other 
physical  relationships  are  now  being  studied,  and  the  author  hopes 
to  indicate  the  results  in  the  course  of  the  next  few  months.  It  has 
been  found  necessary,  in  order  to  be  able  to  prepare  the  necessary 
section-plates  and  prisms  required  for  the  optical  investigation  with 
greater  precision  than  has  hitherto  been  possible,  to  devise  an  instru- 
ment for  attaining  this  object.  An  instrument  has  likewise  been 
devised  for  furnishing  spectrum  monochromatic  light  of  any  desired 
wave-length,  in  order  that  observations  might  be  made  for  a  greater 
number  of  wave-lengths  than  hitherto,  and  in  a  relatively  shoi'ter 
time,  while  also  enabling  the  whole  field  of  the  observing  instrument 
to  be  more  brightly  illuminated  than  by  the  use  of  coloured  flames. 
The  instruments  have  been  described  to  the  Royal  Society ;  abstracts 
of  the  two  papers  are  given  in  the  Proceedings  of  the  Royal  Society 
for  this  year  (55,  108  and  111),  and  full  details  of  their  construction 
and  use  will  appear  in  the  Philosophical  Transactions  in  due  course. 
During  the  construction  of  these  instruments,  the  normal  sulphates 
of  potassium,  rubidium,  and  c£esium  were  subjected  to  a  detailed 
goniometrical  investigation,  and  the  new  instruments  being  to  hand 
when  this  was  finished,  the  author  has  completed  the  work  on  these 
three  salts  by  making  a  similarly  detailed  study  of  their  optical  and 
other  physical  properties.  The  results  of  the  whole  are  set  forth  in 
the  following  pages. 

The  pure  sulphates  employed  formed  part  of  the  stock  obtained  for 
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preparing  the  double  sulphates  described  in  the  former  communica- 
tion. Analyses  of  the  three  salts  were  given  in  that  memoir  (p.  340), 
and  these  analyses,  together  with  spectroscopic  examination,  indicate 
that  the  salts  are  of  a  very  high  degree  of  purity.  They  have  since 
been  several  times  fractionally  recrystallised,  during  the  preparation 
of  crystals  of  the  necessary  perfection,  by  the  method  of  slow  eva- 
poration of  cold  solutions  protected  from  sudden  changes  of 
temperature  or  other  disturbance,  so  that  the  purity  of  the  crystals 
actually  employed  in  the  work  is  even  greater  than  is  indicated  by 
the  analyses. 

The  spectroscopic  examination  of  the  salts  was  conducted  with 
particular  care,  using  the  author's  monochromatic  light  apparatus  as 
spectroscope.  This  instrument  forms  an  admirable  spectroscope  when 
the  eye-piece  is  placed  in  position  in  front  of  the  exit  slit,  the  jaws  of 
which  may  either  be  opened  wide  or  employed  as  a  pair  of  more  or 
less  separated  cross  wires  for  convenience  in  localising  the  lines. 
The  table  of  circle  readings  corresponding  to  definite  wave-lengths 
enables  a  most  accurate  determination  of  the  position  of  any  line  to  be 
made.  Erdmann  {Archiv  der  pJiarmacie,  232,  1,  10)  has  recently 
shown  that  the  presence  of  traces  of  potassium  in  rubidium  salts  may 
be  detected  with  great  certainty  by  observations  of  the  nature  of  the 
lines  exhibited  in  the  red.  The  red  potassium  line  consists  in  reality 
of  two  adjacent  lines  of  the  wave-lengths,  according  to  Kaiser 
and  Runge,  766'56  m^  and  769*93  m^.  These  lines  ai'e  very  well 
separated  in  the  spectroscope  above  referred  to.  The  two  well-known 
red  rubidium  lines  have  the  wave-lengths  781  1  m^^  and  795  m^. 
A  rubidium  salt  containing  1  to  2  per  cent,  of  potassium  exhibits, 
according  to  Erdmann,  the  double  potassium  line  very  strongly  and 
the  rubidium  line  781  faintly,  the  other  rubidium  line  being  absent. 
A  salt  analytically  pure  exhibits  both  rubidium  lines,  but  the  potas- 
sium lino  still  predominates,  owing  to  the  greater  ease  with  which 
this  line  is  produced.  Approximately  pure  rubidium  sulphate  ex- 
hibits the  rubidium  lines  predominating,  but  the  potassium  line  is 
still  visible,  while  the  pure  salt  of  course  exhibits  no  trace  of  the 
potassium  line. 

The  rubidium  sulphate  used  in  this  investigation  exhibited  the  two 
rubidium  lines  referred  to  with  great  intensity,  but  no  potassium  line  ; 
the  position  which  the  latter  ought  to  occupy,  if  present,  was  well 
defined  by  having  previously  brought  one  of  the  jaws  of  the  exit  slit 
in  close  proximity  while  igniting  a  potassium  salt.  The  caesium  salt 
exhibited  neither  potassium  nor  rubidium  lines,  but  the  whole  of  the 
caesium  lines  were  most  brilliant. 
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Solubilities  of  the  Three  Sulphates. 

The  three  sulphates  differ  remarkably  with  regard  to  their  solubility. 
Potassium  sulphate,  as  is  well  known,  is  a  most  sparingly  soluble 
salt  compared  with  other  salts  of  that  metal.  Mulder  found  that 
100  c.c.  of  a  solution  saturated  at  10°,  contained  only  9*7  grams  of 
potassium  sulphate,  and  Bunsen's  determinations  of  the  solubility  of 
the  salt  agree  with  this  value.  Rubidium  sulphate  is  very  much 
more  soluble.  Erdmann  (loc.  cit.)  found  in  100  c.c.  of  a  solution 
saturated  at  the  ordinary  temperature,  34'4  grams  of  rubidium 
sulphate.  Bunsen  (Ann.der  Chemie,  119,  110)  states  that  it  dissolves 
in  2'4  times  its  weight  of  water  at  7°.  The  author  found  that  at 
17 — 18°,  100  c.c.  of  water  dissolved  44<'7  grams  of  the  rubidium 
sulphate  used  in  this  investigation,  and  100  c.c.  of  a  solution  saturated 
at  17°*5,  which  had  been  allovred  to  stand  until  crystals  had  deposited, 
left  44  grams  on  evaporation  in  a  platinum  dish.  Csesium  sulphate 
is  an  extremely  soluble  salt.  Bunsen  (loc.  cit.)  states  that  at  2°  it 
only  requires  0'63  of  its  weight  of  water  for  solution.  The  author 
finds  that  100  c.c.  of  water  at  17 — 18°  dissolve  163*5  grams  of  the 
pure  salt,  corresponding  to  a  solubility  in  06 1  of  its  weight  of  water, 
a  result  in  close  agreement  with  that  of  Bunsen.  On  evaporation  of  a 
saturated  solution  standing  over  crystals  at  17°'5,  an  amount  of  salt 
is  left  corresponding  to  131  grams  per  100  c.c.  of  the  solution ;  the 
volume  of  the  saturated  solution  is  greater  than  that  of  the  water 
employed  to  efPect  solution  by  almost  exactly  one-fourth. 

The  solubilities  are  greater  at  higher  temperatures,  but  at  100° 
potassium  sulphate  is  still  sparingly  soluble,  so  that  a  large  bulk  of 
solution  is  required  in  order  to  obtain  crystals  of  any  considerable 
size,  such  as  are  required  for  certain  portions  of  the  optical  investi- 
gation. Caesium  sulphate  dissolves  to  a  very  large  amount  indeed  at 
100°,  producing  an  extremely  heavy  liquid ;  and  rubidium  sulphate 
likewise  dissolves  to  a  larger  extent  than  at  the  ordinary  temperature, 
but  still  retains  its  intermediate  position  in  this  respect.  It  may 
therefore  be  stated  concerning  the  solubilities  of  the  three  salts 
that  :— 

The  solubilities  of  the  normal  sulphates  of  'potassium,  rubidium,  and. 
ccesium  are  widely  different,  potassium  sulphate  being  sparingly, 
rubidium,  sulphate  moderately,  and  ccesium  sulphate  extremely,  soluble 
in  water.  100  c.c.  of  water  at  the  ordinary  temperature  dissolve 
10  grams  of  potassium  sulphate,  44  grams  of  rubidium  sulphate,  and 
163  grams  of  ccesium  sulphate  respectively.  The  solubilities  are  greater 
at  higher  temperatures,  but  the  intermediate  position  of  rubidium  sulphate 
is  retained. 
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GONTOMETRICAL    INVESTIGATION. 

The  normal  sulphates  of  potassium,  rubidium,  and  caesium  crystal- 
lise in  the  rhombic  system.  The  isomorphism  is  of  a  very  close 
description,  as  will  be  apparent  from  the  small  diflFerences  betvp^een 
the  magnitudes  of  analogous  angles  w^hen  the  goniometrical  relation- 
ships are  discussed.  The  same  planes  are  developed  upon  the  crystals 
of  all  three  salts,  but  marked  differences  in  the  relative  amount  of 
development  of  the  various  faces  are  observed,  each  salt  being  to  a 
considerable  extent  characterised  by  its  own  peculiar  habit.  The 
distinction  between  the  three  is  not  so  sharp,  however,  as  was  ob- 
served in  the  case  of  the  double  sulphates,  the  three  habits  shading 
off  more  into  each  other. 

The  general  symmetry  of  the  three  sulphates  is  pourtrayed  in  the 
spherical  projection,  Pig.  1. 


'ffSO) 


(0/(9 


*p'(m) 


a  {too) 


The  differences  between  the  angles  of  the  salts  are  so  small  that  a 
spherical  projection  drawn  on  the  scale  given,  correctly  represents  all 
three.  The  most  remarkable  feature  of  the  symmetry  will  bo  at  once 
apparent,  namely,  the  close  approximation  to  hexagonal  symmetry. 
The  angles  a'p^  pp ,  and  p'b  are  almost  exactly  30° ;  the  angle  ap  is 
12 — 16  mins.  less  than  30°,  and  the  angle  p'h  greater  than  30°  by  the 
same  amounts  in  the  three  salts,  while  curiously  enough  the  angle 
py'  is  found  to  be  exactly  30°  in  each  salt,  with  a  possibility  of  error 
which  cannot  exceed  2  mins.  The  truly  rhombic  nature  of  the 
crystals,  however,  is  fully  proved  by  the  total  impossibility  of  any- 
thing like  16'  of  error  in  the  determination  of  the  angular  magnitudes, 
and  by  the  optical  properties  of  the  crystals. 
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The  goniometrical  measurements  were  carried  out  with  the  excel- 
lent horizontal  goniometer  of  Fuess,  model  No.  2a.  An  extraordinarily- 
large  number  of  measurements  have  been  made  with  crystals  of  the 
highest  attainable  perfection,  10  crystals  at  least  of  each  salt  having 
been  measured  along  not  only  the  principal  but  also  the  minor  zones, 
in  order  to  afEord  as  many  different  angles  as  possible  for  comparison. 
The  total  number  of  goniometrical  measurements  accepted,  as  being 
afforded  by  faces  reflecting  irreproachable  images  of  the  Websky 
signal,  is  2506.  This  number,  of  coarse,  refers  to  angles  formed  by 
different  faces.  As  many  as  70  or  80  measurements  of  the  same 
angular  magnitude  have  sometimes  been  obtained,  certain  of  the 
more  important  angles  being  repeated  eight  times  on  each  crystal  in 
accordance  with  rhombic  symmetry.  Hence  the  possible  error  of  the 
mean  of  so  large  a  number  of  measurements  between  perfect  faces 
upon  different  crystals  belonging  to  several  different  crops,  must  be 
very  small  and  cannot  exceed  2  mins.  of  arc. 

Potassium  Sulphate,  K2SO4. 

Several  crops  of  crystals  of  this  salt  of  superior  excellence  as 
regards  brilliance  of  reflection,  planeness  of  the  faces,  and  perfection 
of  development,  were  obtained  by  the  slow  evaporation  of  cold 
saturated  solutions.  These  solutions  were  protected  from  sudden 
changes  of  temperature  and  from  the  access  of  disturbing  atmos- 
pheric influences  by  enclosing  them  under  a  large  vase,  and 
supporting  the  small,  flat  bottomed  beakers  containing  them  upon, 
and  surrounding  them  by,  badly-conducting  materials.  The  slow 
evaporation  was  brought  about  at  ordinary  pressure  by  enclosing 
along  with  them  a  shallow  glass  dish  containing  oil  of  vitriol. 

Eleven  of  the  best  crystals  of  suitable  small  size  were  selected 
from  these  three  crops  and  measured  with  an  amount  of  completeness 
which  is  indicated  in  the  table  of  measurements.  These  11  crystals 
were  all  single  individuals  exhibiting  most  of  the  faces  marked 
upon  the  spherical  projection. 

The  ratio  of  the  axes  deduced  from  the  very  large  number  of 
measurements  (1160)  made  upon  the  11  crystals  above  mentioned  is 

a:h:c  =  0*5727  :  1  :  07418. 

The  value  of  the  ratio  given  by  Mitscherlich  is  0-5727  :  1 :  07464. 

The  forms  observed  include  the  whole  of  those  indicated  upon  the 
spherical  projection  with  the  exception  of  the  brachydome  2"'{012}. 
They  arc : 

a  =  {100}ooPco;  6  =  {010}oof'cx.;  c  =  {001}oP;       ;?={110}ooP; 
p' =  {1^0}ooP3  ;    2={011}f'co;     5'  =  {021}2Poo;  3"=  {031}3Poo  ; 
0  =  {111}P ;         0  =  {112}iP  ;      0"  =  {832}fP. 
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The  forms  q'  and  o"  do  not  appear  to  have  been  observed  either  by 
Mitscherlich  or  by  Rammelsberg,  who  also  made  a  few  measurements 
of  crystals  of  this  salt. 

The  above  forms  were  relatively  developed  upon  the  11  particularly 
perfect  crystals  specially  studied  in  such  a  manner  as  to  produce  the 
four  distinct  types  of  habit  pourtrayed  in  Figs.  2,  3,  4,  and  5,  which 
appeared  likewise  to  be  more  or  less  characteristic  of  the  whole  of 
the  individuals  belonging  to  the  numerous  crops  prepared. 


Fig.  2. 


Fig.  3. 
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Fig.  4. 


Fig.  5. 


In  the  crystals  of  the  first  type  a  short  prismatic  habit  is  exhibited, 
the  prisms  being  formed  by  the  faces  of  the  brachypinacoid  6{010} 
which  were  usually  developed  to  the  largest  extent,  those  of  the 
brachydome  gr'{021}  which  came  next  in  importance,  and  those  of  the 
primary  brachydome  ^{Oll}  and  the  basal  plane  c{001},  both  of 
which  latter  forms  were  usually  represented  by  much  narrower  faces. 
The  end  faces  were  relatively  developed  as  shown  in  Fig.  2,  and  con- 
sisted of  narrow  faces  of  the  macropinacoid  a{100},  and  broader  faces 
of  the  primary  prism  p{110}  and  of  the  prismatic  form  ^'{130}, 
which  two  latter  forms  were  more  or  less  equally  developed,  the  faces 
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of  the  primary  prism  as  a  rule  slightly  predominating.  Of  the 
pyramidal  forms,  the  faces  of  the  primary  pyramid  o{lll}  were 
always  well  developed,  those  of  the  pyramid  o'{112}  being  generally 
smaller  but  always  bright  and  plane.  The  brachydome  g'"{031}  was 
occasionally  found  well  developed,  but  the  pyramidal  form  o''{332} 
Avas  only  rarely  observed  and  was  then  small  and  not  very  bright. 

In  the  crystals  of  the  second  type,  represented  in  Pig.  3,  the 
brachypinacoid  6(010}  is  so  largely  the  predominating  form  as  to 
impart  to  them  a  tabular  habit.  The  crystals  of  this  type  present 
the  appearance  of  square,  flat  plates,  bevelled  by  the  same  prismatic 
and  brachydomal  forms  mentioned  in  the  description  of  the  first  type, 
and  modified  at  the  corners  by  the  same  pyramidal  forms. 

The  crystals  of  potassium  sulphate  of  the  third  type  observed  are 
distinguished  by  the  large  predominance  of  the  faces  of  the  brachy- 
dome 5' {021},  at  the  expense  of  the  faces  of  the  brachypinacoid 
h{010},  which  are  frequently  reduced  to  a  narrow  strip  as  shown  in 
Fig.  4,  and  often  to  a  line.  The  faces  of  the  primary  pyramid  o{lll} 
are  also  relatively  very  largely  developed  in  crystals  of  this  type, 
the  faces  of  the  primary  prism  j9{110}  and  of  the  prism  p'{130} 
being  reduced  to  the  relative  dimensions  attributed  to  them  in  the 
figure. 

A  considerable  number  of  the  larger  crystals  belonging  to  certain 
crops  were  found  to  exhibit  an  abnormal  development  of  the  brachy- 
dome 2"{031},  as  represented  in  Fig.  5,  giving  them  the  appearance 
of  fiat  double-wedges.  They  were  frequently  elongated  parallel  to 
the  edges  of  the  wedges,  and  their  ends  were  principally  formed  by 
faces  of  the  primary  prism  j9{  110},  the  corners  being  but  relatively 
slightly  modified  by  small  faces  of  the  pyramids  o{lll}  and  o'{112}. 
The  faces  of  the  prismatic  form  p'{130}  and  of  the  other  brachydomes 
gjOll}  and  g'{021}  were  all  relatively  very  small. 

Numerous  triplet  or  twin  crystals,  resembling  hexagonal  pyramids, 
twinned  upon  a  plane  nearly  perpendicular  to  the  faces  of  the  primary 
prism,  or  the  prism  p'j  130},  in  the  well-known  manner  described  by 
Mitscherlich  and  Scacchi,  were  also  observed. 

The  whole  of  the  faces  of  the  generally  occurring  forms  above 
described,  with  the  exception  of  the  faces  of  the  brachydome  5'{021}, 
afforded  as  a  rule  excellent  single  images  of  the  signal,  frequently  of 
the  most  brilliant  and  perfectly  defined  character.  In  a  number  of 
cases  the  q'  faces  likewise  yielded  unexceptionable  single  images,  and 
in  such  cases  the  values  obtained  for  the  angles  involving  these  faces 
coincided  almost  to  a  minute  with  the  calculated  values.  In  other 
cases  these  faces  were  slightly  affected  by  striation  and  distortion, 
and  only  those  values  were  accepted  where  the  uncertainty  was  very 
slight. 
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Following    is    a  table    exhibiting   the  results    of  the   very  large 
number  of  measurements  made  : 

No.  of  Mean 

Angle  measured,     measure-             Limits.                  observed.     Calculated.  Diff. 

ments. 

[ap    =  100  :  110         29  29'"  45'— 29°  52'           29°  48'            29°  48'  0' 

\  pp'  =  110  :  130         30  29    55  —30      4            30      0             30      0  0 

Ip'b    =  130  :  010        32  30      8  —30    15           30    11             30    12  1 

fcq     =001:011         16  36    31—36    41           36    36            36    34  2 

qq'   =  Oil  :  021         16  19    20  —19    31            19    26             19    27  1 

j  cq'    =  001  :  021         29  55    55  —56      9            56      2             56      1  1 

H  oV'=  021  :  031           7             9    40—  9    55              9    44              9    47  3 

q"b  =  031  :  010           8  24      7  —24    19            24    13             24    12  1 

{^q'b   =  021  :  010         30  33    52  —34      5            33    59             33    59  0 

r  ao    =  100  :  111         68  43    45  —44      0  43    52  * 

\oq    =111:011         58  46      4—46    15            46      8            46      8  0 

r  ao'    =  100  :  112         27  58    38  —58    47            58    44             58    44  0 

t  o'o'  =  112  :  112           7  62    30  —62    38            62    34             62    32  2 

(bo     =  010  :  111         73  65    32  —65    41            65    36            65    37  1 

"loo     =111:111         33  48    40—48    52           48    47            48    46  1 

rjo'    =010:112         25  72    38—72    48           72    42            72    42  0 

\  o'o'  =  112  :  ll2           7  34    31  —34    41           34    36            34    36  0 

fco'    =  001  :  112         35  36    38  —36    51            36    45             36    44  1 

\o'o    =112:111         37  19    16—19    33            19    26             19    27  1 

J  CO     =001:111         80  56      6—56    17  56    11  * 

T  oo"  =  111  :  332           1                       —                         9    49               9    45  4 

o"p  =  332  :  110           1                       —                       24      8            24      4  4 

\pp    ^  111  :  110         84  33    42  —33    57            33    49            33    49  0 

po    =  110  :  111         55           65      2  —65    13            65      9             65      8  1 

oq'    =111:021         45  49      6—49    15            49    11            49    12  1 

q'p  =  021  :  IlO         49  65    32  —65    50            65    40            65    40  0 

\po'  =110:112         21  72    19—72    27            72    23            72    23  0 

Xo'q   =ll2:0ll         15  34    49—34    57            34    52             34    50  2 

Iqp    =011:110         23  72    43—72    52            72    46            72    47  1 

(p'o   =130:111         46           43    54—44      6           43    59             43    59  0 

\oo'   =111:112         23  45    44—45    52            45    47            45    47  0 

■{  o'q'  =  1I2  :  021         20  45    53  —46      7           46      0            46      1  1 

\oq'   =111:021         39  91    38—91    55            91    47            91    48  1 

l^^'y  =  021  :  130        42           44      5—44    23            44    13            44    13  0 

[p'o'  =  130  :  112         19  58    43  —58    53            58    48             58    48  0 

^o'j=112:0ll         12  62    10—62    18            62    14             62    12  2 

Iqp'  =- Oil  .im         18  58    55—59      1            58    58             59      0  2 

Total  number  of  measurements,  1160. 

Th©  two  angles  ao  and  co,  represented  in  the  "  calculated"  column 
by  asterisks,  were  fundamental  angles  occurring  eight  times  upon  each 

iully  developed  crystal,  and  which  on  account  of  the  usual  excellence 

■of   the  faces  involving  them   together   with   the   large   number   of 
measurements  made  of  them,  were  employed  as  the  two  necessary 

basal   measured   angles  from  which  the  remaining   angles  were  all 
calculated  in  order  to  afford  a  check  on  the  accuracy  of  the  measure- 
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ments.  The  remarkably  close  agreement  between  the  mean  observed 
and  the  calculated  values  affords  ample  justification  for  the  ex- 
haustive method  of  work  adopted,  a  method  which  it  was  considered 
particularly  advisable  to  follow  in  view  of  the  small  angular 
differences  expected  between  the  three  salts. 

Rubidium  Sulj^hate,  RbjSOi. 

Rubidium  sulphate  is  only  to  be  obtained  in  the  form  of  good 
single  crystals  from  cold  saturated  solutions  ;  it  usually  crystallises 
from  warm  solutions  in  feathery  aggregates  of  minute  individuals. 
Five  crops  of  particularly  well-defined  and  eminently  suitable  single 
crystals  were  obtained,  among  others,  by  very  slow  evaporation  of 
cold  solutions  in  the  manner  described  in  the  case  of  the  potassium 
salt,  and  ten  excellent  individuals  were  chosen  and  subjected  to 
measurement. 

The  ratio  of  the  axes  calculated  from  the  measurements  made  upon 
the  10  selected  crystals  is — 

a:h:c  =  0-5723  :  1  :  07485. 

The  ratio  given  by  Bunsen  in  1861  is  0-572.3  :  1  :  0-7522  (Annalen^ 
119,  110). 

The  forms  observed  include  all  those  marked  on  the  spherical  pro- 
jection with  the  exception  of  o"{332}  and  g'"{031}.     They  are — ■ 

a  =  {100}goPoo;    b  =  {OlOjooPco;   c  =  {001}0P  ;  p  =  {110}coP; 

p'  =  {130}ooP3  ;   q  =  {Olljf'co ;   q'  =  {021  }2?oo  ;   q'"  =  {012}iPco  ;. 

0=  {llljP;  o'=  {112}1P. 

The  habit  of  the  crystals  of  rubidium  sulphate  differs  considerably 
from  that  of  potassium  sulphate  represented  in  Fig.  2  and  in  Fig.  3, 
and  resembles  more  that  depicted  in  Fig.  4,  inasmuch  as  the  faces  of 
the  brachypinacoid  6(010}  are  usually  extremely  narrow,  as  shown  in 
Fig.  6,  while  those  of  the  brachydome  g'{021}  are  so  largely  pre- 
dominating as  to  irapart  to  the  crystals  a  prismatic  habit,  the  prisms 
being  mainly  formed  by  q  faces.  The  terminations  of  the  prisms 
are  formed  by  relatively  large  faces  of  the  macropinacoid  a{100}  and 
smaller  faces  of  the  prism  ^'{130}  and  the  pyramids  o{lll}  and 
o'{112}.  The  primary  prism  ^^{llO}  is  but  rarely  developed,  it  wa& 
only  found  well  developed  upon  two  of  the  crystals  measured.  The 
primary  pyramid  o{lll}  was  usually  a  prominent  form,  but  its  faces- 
were  frequently  equalled  in  size  and  brilliancy  by  those  of  the 
pyramid  o'{112},  which  were,  as  a  rule,  much  more  largely  developed 
than  upon  the  crystals  of  potassium  sulphate.  The  basal  plane 
c{001}  was  usually  but  narrow ;  the  edges  cq  were  modified  as  a  rule 
by  equally  narrow  faces  of  the  primary  brachydome  ^{Oll}'     Upon 
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one  crystal  a  good  face  of  tbe  exceptionally  occurring  bracliydoiue 
^'"{012}  was  observed. 

In  certain  crops,  the  faces  of  tlie  brachypinacoid  6(010}  were  some- 
what more  largely  developed,  as  shown  in  Fig.  7.     A  characteristic 


Fia.  6. 


Fia.  7. 


¥m.  8. 


Fia.  9. 


form  of  rubidium  sulphate  is  also  exhibited  in  Fig.  8  ;  the  habit  is  that 
of  a  low  pyramid  constructed  upon  a  broad  base  parallel  to  the  macro- 
pinacoid  ajlOO},  and,  owing  to  growth  being  impeded  in  a  down- 
ward direction  by  the  horizontal  surface  of  the  vessel  in  which  the 
crystal  is  growing,  the  pyramid  faces  o{lll}  and  o'{112}  are  either 
only  formed,  or  only  to  any  considerable  extent,  upon  one  side  (that 
is,  at  one  end  of  the  axis  a).  The  summit  of  the  pyramid  is  usually 
formed  by  a  fairly  broad  macropinacoid  face,  of  less  extent,  however, 
than  the  basal  macropinacoid  face.  Occasionally  similar  low  pyramids 
are  met  with  whose  bases  are  parallel  to  the  brachypinacoid  6(010} 
or  the  basal  plane  c( 001}. 

Crystals  of  rubidium  sulphate  of  still  another  type  were  not  in- 
frequently observed.  They  were  apparently  hexagonal  pyramids,  as 
represented  in  Fig.  9,  and  the  close  approximation  of  the  angles  in 
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the  prism  zone  to  30°,  and  the  closeness  of  the  angles  po  and  hq' , 
rendered  them  difficult  at  first  to  distinguish  from  truly  hexagonal 
pyramids.  The  form  is  entirely  due  to  the  almost  equal  development 
of  the  faces  of  the  primary  pyramid  o{lll}  and  the  brachydome 
g'{021},  while  the  o'  and  q  faces  are  relatively  very  small. 

Moreover,  triplet  crystals  of  the  same  type  as  the  well-known  ones 
of  potassium  sulphate,  twinned  upon  a  plane  almost  perpendicular  to 
the  primary  prism  faces,  were  also  observed.  They  frequently 
formed   complete  doubly-terminated   hexagonal   pyramids,  and   the 


No.  of 
measure- 
Angle  measured,      ments. 
{ap    =  100  :  110  2 

pi^'  =  110  :  130  2 

ap'  =  100  :  130         21 
p'h  =  130  :  010         25 


fcq"'=  001  :  012 
I  q"'q=  012  :011 
\cq=  001  :  Oil 
I  qq'  =  Oil  :  021 
\  cq'  =  001  :  021 
Iq'b    =  021  :  010 

Jao  =  100  :  111 
\oq     =  111  :  Oil 

ao'  =  100  :  112 
o'q"'=  112  :  012 
oV   =  112  :  112 


001  :  112 
112  :  111 
001  :  111 
111  :  110 
111  :  111 


p  o 


130 :  112 
112  :  Oil 
Oil  :  130 


1 
1 

18 
16 
29 
28 

64 
43 

39 

1 
12 


010  :  111  38 

111  :  111  17 

010  :  112  20 

112  :  112  13 


51 

42 

62 

7 

22 


110  :  111  5 

111  :02l  19 
021  :  110  5 

110  :  112  4 

112  :  Oil  10 
011:110  2 

130  :  111  S6 

111  :  112  23 

112  :  021  30 
021  :  130  45 


30 
15 
22 


Limits. 
29=  45'— 29°  46' 
30      0  —30      4 
59    43—59    54 
30    10—30    17 


36  44—36  55 

19  21—19  31 

56  8—56  25 

33  33—33  53 

43  33—43  48 

46  10—46  24 

58  25—58  34 

62  56—63  2 

65  28—65  38 

48  48—49  2 

72  32—72  42 

34  42—34  52 

36  52—37  6 

19  19—19  31 

56  19—56  33 

33  28—33  38 

67  1—67  14 

64  59—65  5 

49  18—49  27 

65  32—65  37 

72  12—72  19 

35  2—35  7 
72  35—72  41 


43  44—43  55  43  48 

45  51—46  1  45  57 

46  6—46  16  46  11 
43  59—44  8  44  3 


58  31—58  40 
62  35—62  41 
58    45—58    52 


Mean, 
observed. 

29°  46' 

30  2 

59  47 

30  12 

20  29 

16  18 

36  50 
19  26 
56  17 

33  42 

43  41 

46  19 

58  30 

31  34 
62  59 

65  33 

48  54 

72  37 

34  47 

37  0 
19  26 
56  26 
33  34 
67  8 

65  3 

49  22 
65  35 

72  15 

35  5 

72  38 


58  35 
62  38 
58    47 


Calculated.  Diff. 
29°  47'         1' 
30      0         2 
59    47         0 
30    13  1 


20  31 

16  18 

36  49 

19  26 

56  15 

33  45 

* 

46  19 


65  33 

48  54 

72  37 

34  46 

37  0 

19  26 


65  2 

49  22 

65  36 

72  15 

35  4 

72  41 


58    31  1 

31    29         5 
62    58         1 


33    34         0 
67      8         0 


43  49  1 

45  55  2 

46  12  1 

44  4  1 

58  35  0 

62  36  2 

58  49  2 


Total  number  of  measurements,  820. 
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true  single  crystals  of  the  type  last  described  are  very  difficult  to 
distinguisli  from  them.  Measurement  of  the  angles  jpo  and  hc[  proves 
the  difference,  for  the  angular  values  differ  by  8',  whereas  if  both  are 
po  angles  as  in  the  triplets  the  angles  are  of  course  identical.  More- 
over, in  the  triplets  the  faces  are  not  plane,  but  usually  exhibit  a  line 
of  union  along  the  middle,  and  the  halves  on  the  different  sides  of 
the  dividing  line  afford  separate  reflected  images,  well  apart  from 
each  other,  owing  to  the  angle  of  the  primary  prism  not  being 
quite  60°. 

The  faces  of  the  whole  of  the  forms  above  enumerated,  with  the 
exception  of  those  of  the  predominating  brachydome  5'{021},  were 
usually  plane  and  bright,  yielding  good  images  of  the  signal.  The 
q  faces  were  generally  more  or  less  striated,  and  yielded,  when 
adjusted  for  the  zone  cqb,  a  number  of  images  close  together.  Upon 
several  of  the  selected  crystals  measured,  however,  plane  g'  faces  were 
present,  and  afforded  excellent  single  reflections  of  the  signal ;  the 
angular  values  derived  from  these  irreproachable  faces  coincided 
almost  exactly  with  the  mean  of  all  the  observed  values  of  the  angles 
involving  the  faces  of  this  form. 

The  results  of  the  measurements  are  recorded  in  the  table  on 
p.  640. 

The  same  remarks  apply  to  the  close  agreement  of  the  mean 
observed  and  the  calculated  values  as  were  made  in  the  case  of  potas- 
sium sulphate. 

Ccesium  Sulphate,  CS2SO4. 

There  is  no  difficulty  in  obtaining  apparently  excellent  single 
crystals  of  this  salt,  no  tendency  to  form  feathery  aggregates  being 
observed  as  is  the  case  Avith  rubidium  sulphate.  The  crystals  grow 
to  large  size  when  left  undisturbed. 

Spectroscopic  examination  as  previously  detailed  afforded  no  in- 
dications of  impurities,  but,  in  order  to  be  certain  of  their  purity,  the 
crystals  measured  were  chosen  from  crops  which  had  been  several 
times  fi'actionally  recrystallised. 

Eleven  crystals  belonging  to  five  distinct  crops  were  measured  in 
the  same  manner  as  those  of  the  sulphates  of  potassium  and  rubidium. 
The  comparatively  smaller  total  of  measurements,  526,  made  in  the 
case  of  caesium  sulphate  is  owing  to  the  fact  that  the  crystals  of  this 
salt  are  not  so  rich  in  faces  as  those  of  the  other  two  sulphates.  The 
number  of  measurements  is  relatively  as  large  as  regards  the  planes 
which  are  developed. 

The  ratio  of  the  axes  calculated  from  the  measurements  is — 

a:b:c  =  05712  :  1  :  0-75.31. 
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The  ratio  deduced  from  Von  Lang's  measurements  (Sitz.  Ber.  der 
Wien  Akad.,  55,  2,  415),  and  quoted  by  Topsoe  (loc.  cit.),  is  a  :  b  :  c 
=  0-5805  :  1  :  0-7400. 

Tlie  forms  observed  are  not  so  numerous  as  upon  crystals  of  potas- 
sium and  rubidium  sulpbates,  the  brachydoraes  ^"{OSl}  and  2"'{012} 
and  the  pyramid  o"{332}  not  having  been  observed  upon  the  11 
crystals  exhaustively  examined.    The  forms  present  are — 

a  =  {100}cx)Poo;  b  =  {OlOjcoPco;  c  =  {001}0P;  p  =  {110}ooP  ; 
p'  =  {130}ooP3;  q  =  {OlljPoo;  q'  =  {021}2Pco;  o  =  {llljP  ; 
o'  =  {112}^. 

The  crystals  of  csesium  sulphate  usually  exhibit  a  much  larger 
development  of  the  basal  plane  c{001}  than  those  of  potassium  and 
rubidium  sulphates.  They  generally  consist,  as  represented  in  Fig. 
10,  of  stout  rectangular  blocks  formed  by  the  faces  of  the  tvro  pina- 
coids  a{100}  and  6(010}  and  the  basal  plane  c{001},  which  latter,  to 
a  greater  or  smaller  extent,  predominates,  the  crystals  thus  exhibiting 
a  tabular  habit  in  this  direction.  The  edges  be  are,  as  a  rule, 
modified  by  the  brachydomes  ^^{Oll}  and  ^'{021},  more  or  less 
equally  developed  to  about  the  extent  shown  in  the  figure.  Of  the 
two  prismatic  forms  ^{110}  and  jp'{130},  the  latter  was  most  fre- 
quently present,  and  developed  to  the  relatively  larger,  although  still 
small,  extent ;  the  faces  of  the  primary  prism  ^{110}  were  either  very 
minute  or  failed  altogether.  The  faces  of  the  primary  pyramid 
o{lll}  were  the  largest  after  the  pinacoids  and  basal  plane,  the 
corners  of  the  rectangular  block  being  extensively  truncated  by  them. 
The  crystals  of  the  caesium  salt  differ  from  those  of  the  other  two 
sulphates  in  rarely  exhibiting  faces  of  the  pyramid  0'{112}.  A  small 
face  of  this  form  was,  however,  discovered  upon  one  of  the  crystals 
employed  in  the  measurements. 


Fig.  10. 


Fig.  11. 


In  certain  crops,  crystals  were  observed  of  which  Fig.  11  is  typical, 
in  which  the  faces  of  the  brachypinacoid  6(010}  predominated  over 
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those  of  the  basal  plane,  thereby  iuducing  a  tabular  habit  in  a  direc- 
tion at  rigbt  angles  to  that  of  the  ordinaiy  type  above  described.  The 
basal  plane  and  macropinacoid  were  always  important  planes,  how- 
ever, the  former  rarely  becoming  reduced  to  such  small  dimensions  as 
are  exhibited  by  crystals  of  both  the  potassium  and  the  cassium  salt. 
Ko  twins  or  triplet  crystals  of  CEesium  sulphate  were  observed ; 
numerous  cases  of  intergrowtlis  of  crystals  were  examined,  but  none 
in  whicb  definite  evidence  of  true  twinning  could  be  found. 

The  reflections  afforded  by  the  smaller  faces  of  the  crystals  of  the 
caesium  salt  were  not  usually  of  so  highly  perfect  a  character  as  those 
yielded  by  the  crystals  of  the  other  two  sulphates,  being  as  a  rule 
No.  or 


measure- 

Mean 

Angle  measured. 

ments. 

Limits. 

observed. 

Calculated. 

Diff. 

'ap    =  100 

:110 

6 

29° 

42'— 29° 

49' 

29°  45' 

29° 

44' 

1' 

pp'  =  110 

:  130 

5 

29 

56—30 

3 

30      0 

30 

0 

0 

"  ap'  =  100 

:  130 

15 

59 

39—59 

53 

59    45 

59 

44 

1 

jp'h  =  130 

:010 

16 

30 

10—30 

18 

30    15 

30 

16 

1 

'cq     =  001 

:011 

33 

36 

50—37 

10 

36    59 

36 

59 

0 

qq'   =  Oil 

:  021 

18 

19 

14—19 

38 

19    25 

19 

26 

1 

'    cq'    -  001 

:021 

22 

56 

20—56 

30 

56    25 

56 

25 

0 

^q'b   =  021 

:010 

25 

33 

21—33 

41 

33    34 

33 

35 

1 

r  ao    =  100  ; 
\oq     =  111  ; 

;  111 

67 

43 

24—43 

36 

43    31 

* 

:  Oil 

59 

46 

23—46 

35 

46    28 

46 

29 

1 

Jao'    =  100 
'L  o'o'  =  112 

:  112 
:  112 



— 

— 

58 
63 

19 
22 

J  bo     =  010 
\oo     =  111 

:111 

51 

65 

27—65 

39 

65    31 

65 

32 

1 

:1I1 

20 

48 

51—49 

3 

48    57 

48 

56 

1 

J  bo'    =  010 
\o'o'  =  112 

:112 

— 

. 



72 

33 

:  112 

— 

— 

— 

34 

54 

fco'    =  001 

:112 

1 

— 

37    10 

37 

13 

3 

1  o'o    =112 

:111 

1 

— 

19    20 

19 

25 

5 

J,CO      =  001  ; 

!  Ill 

73 

56 

27—56 

49 

56    38 

* 

lop     =111 

:  110 

20 

33 

10—33 

28 

33    21 

33 

22 

1 

^00     =  111  ; 

;11I 

33 

66 

34—66 

53 

66    44 

66 

44 

0 

po    =  110  : 

111 

6 

64 

48—64 

58 

64    52 

64 

54 

2 

■    oq'   =  111  : 

:  021 

13 

49 

26  —49 

35 

49    30 

49 

30 

0 

_q'p  =  021  : 

IIO 

4 

65 

34—65 

42 

65    36 

65 

36 

0 

{po'   =  110  : 

;  112 

— 

— . 



72 

7 

■<  o'q    =  112  : 
1  qp    =  Oil  : 

Oil 

— 

— 

— 

35 

15 

IIO 

2 

72 

35—72 

41 

72    38 

72 

38 

0 

fpo'  =  130  ; 

;111 

13 

43 

32—43 

46 

43    39 

43 

40 

1 

1  oo'    =  111  ; 

112 

— 

— 

— 

46 

1 

-i  o'q'  =  112  : 

021 

— 

— 

— 

46 

20 

oq'    =  111  : 
jl'p'  =  021  1 

021 

8 

92 

17—92 

26 

92    22 

92 

21 

1 

:  130 

10 

43 

55 — 44 

8 

44      1 

43 

59 

2 

[p'o'  =  130  1 

112 

— 





58 

25 

■I  o'q    =  112  : 

Oil 

— 

— 

— 

62 

53 

Iqp'  =  Oil  : 

130 

7 

58 

40—58 

46 

58    43 

58 

42 

1 

Total  number  of  measurements,  528. 
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much  less  bright  and  exhibiting  more  or  less  of  an  oleaginona 
surface.  The  number  of  excellent  and  thoroughly  trustworthy  values 
obtained  for  several  of  the  angles  involving  these  faces  is  therefore 
smaller  than  in  the  cases  of  potassium  and  rubidium  sulphates.  The 
values  recorded,  however,  were  afforded  by  faces  on  the  selected  well- 
formed  specimens  to  which  no  exception  could  be  taken,  all  values 
affected  by  the  slightest  uncertainty  being  rejected.  The  larger  faces 
as  a  rule  gave  irreproachable  reflections. 

The  table  on  the  preceding  page  represents  the  results  of  the 
measurements  and  calculations. 

The  agreement  between  the  mean  observed  and  the  calculated 
values  again  leaves  nothing  to  be  desired,  and  comparisons  may  now 
be  made  with  confidence  between  corresponding  angles  of  the  three 
salts. 

Comparison  of  the  Angular  Magnitudes  exhibited  by  the  three  Salts. 

The  following  table  (p.  645)  exhibits  the  magnitudes  of  analogous 
angles  in  the  three  salts  side  by  side,  so  as  to  afford  a  ready  means 
of  comparison. 

The  following  interesting  facts  are  observed. 

The  magnitudes  of  the  whole  of  the  angles  of  the  rubidium  salt,  loith- 
oiit  a  single  exception,  lie  between  those  of  the  analogous  angles  upon  the 
potassium  and  caesium  salts  respectively. 

The  differences  betiveen  the  inagnitudes  of  analogous  angles  in  these 
three  rhombic  normal  sulphates  are  much  smaller  than  were  observed  in  the 
case  of  the  double  sulphates  of  the  m.onoclinic  series  Il2M(S04)2.6H20,  con- 
taining respectively  potassium,  rubidium,  and  caesium.  It  would  appear 
that  the  higher  the  sym,metry  the  closer  is  the  isomorphism,  until,  in  the 
higher  form,s  of  the  cubic  system,,  perfect  identity  of  angular  nnagnitude  is 
attained. 

The  differences  are  too  small  to  enable  a  definite  statement  to  be  made 
concerning  the  relation  between  the  amounts  of  the  differences  correspond- 
ing to  the  replacement  of  potassium,  by  rubidium  and  rubidium  by 
aesium  respectively.  There  is,  however,  a  decided  tendency  towards 
greater  equality  in  the  diferences  than  was  observed  in  the  case  of  the  mono- 
clinic  double  sulphates,  the  angles  for  the  rubidium  salt  being  generally 
more  nearly  midway  between  the  values  for  the  potassium  and  caesium 
salts. 

A  progressive  change  is  thus  observed  to  be  brought  about  in  the  angular 
magnitudes  of  the  crystals  of  the  normal  sulphates  of  potassium,  rubidium, 
and  caesium  corresponding  to  the  progressive  change  in  the  atomic  weight 
of  the  contained  metal,  when  potassium  is  replaced  by  rubidium  and 
rubidium  by  caesium. 
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Potassium 

Rubidium 

CsDsium 

Angle. 

sulphate. 

Difference. 

sulphate. 

Difference. 

sulphate. 

r  ap 

=  100 

no 

29° 

48' 

-  1' 

29° 

47' 

-  3' 

29°  44' 

<pp' 

=  110 

130 

30 

0 

0 

30 

0 

0 

30   0 

\p'b 

=  130: 

010 

30 

12 

+  1 

30 

13 

+  3 

30  16 

Ccq'" 

=  001 

012 

20 

21 

+  10 

20 

31 

+  7 

20  38 

q"'q 

=  012 

on 

16 

13 

+  5 

16 

18 

+  3 

16  21 

cq 

=  001  : 

on 

36 

34 

+  15 

36 

49 

+  10 

36  59 

Uq' 

=  Oil  : 

021 

19 

27 

-  1 

19 

26 

0 

19  26 

9'q" 

=  021  : 

031 

9 

47 

—  2 

9 

45 

-  3 

9  42 

q"b 

=  031  : 

010 

24 

12 

-12 

24 

0 

-  7 

23  53 

Iq'b 

=  021 

010 

33 

59 

-14 

33 

45 

-10 

33  35 

j  ao 
\oq 

=  100  : 

111 

43 

52 

-11 

43 

41 

-10 

43  31 

=  111  : 

on 

46 

8 

+  11 

46 

19 

+  10 

46  29 

Jao' 
\o'o' 

=  100  . 

112 

58 

44 

-13 

58 

31 

-12 

58  19 

=  112  : 

112 

i32 

32 

+  26 

62 

58 

+  24 

63  22 

J  ho 

\  00 

=  010 

111 

65 

37 

-  4 

65 

33 

-  1 

65  32 

=  111 

m 

48 

46 

+  8 

48 

54 

+  2 

48  56 

J  bo' 
1  o'o' 

=  010 

112 

72 

42 

—  5 

72 

37 

-  4 

72  33 

=  112 

112 

34 

36 

+  10 

34 

46 

+  8 

34  54 

fco' 

=  001 

112 

36 

44 

+  16 

37 

0 

+  13 

37  13 

1  o'o 

=  112 

111 

19 

27 

-  1 

19 

26 

-  1 

19  25 

J  CO 

'  oo" 

=  001 

:111 

56 

11 

+  15 

56 

26 

+  12 

56  38 

=  111 

:332 

9 

45 

-  3 

9 

42 

-  2 

9  40 

o"p 

=  332 

110 

24 

4 

-12 

23 

52 

-10 

23  42 

Vop 

=  111 

no 

33 

49 

-15 

33 

34 

-12 

33  22 

(pa 

=  110 

m 

65 

8 

-  6 

65 

2 

-  8 

64  54 

\oq' 

=  111 

:02r 

49 

12 

+  10 

49 

22 

+  8 

49  30 

la'p 

=  021 

.  no 

65 

40 

-  4 

65 

36 

0 

65  36 

[po' 

=  110 

:1I2 

72 

23 

-  8 

72 

15 

-  8 

72   7 

\  o'<l 

=  112 

:on 

34 

50 

+  14 

35 

4 

+  11 

35  15 

I  IP 

=  Oil 

:no 

72 

47 

-  6 

72 

41 

-  3 

72  38 

"p'o 

=  130 

:  111 

43 

59 

-10 

43 

49 

-  9 

43  40 

<  <'«' 

=  111 

:1I2 

45 

47 

+  8 

45 

55 

+  6 

46   1 

o'q' 

=  112 

:02l 

46 

1 

+  11 

46 

12 

+  8 

46  20 

Up' 

=  021 

:I30 

44 

13 

-  9 

44 

4 

-  5 

43  59 

\P'0' 

=  130 

:n2 

58 

48 

-13 

58 

35 

-10 

58  25 

1  o'q 

=  112 

on 

62 

12 

+  24 

62 

36 

--17 

62  5Ii 

Up' 

=  on 

:I30 

59 

0 

-11 

58 

49 

-  7 

58  42 

Comparison  of  the  Axial  Ratios. 

The  axial  ratios  deduced  from  the  measurements  are  set  forth  under 
each  other  below. 

For  K2SO4    a:h:c  =  0-5727  :  1  :  07418 

„    RbiSOi a:h  :c  =  0-5723  :  1  :  0-7485 

„     CS2SO4 a  :  6  :  c  =  0-5712  :  1  :  0-7531 

It  will  be  observed  that — 

The  axial  ratios  for  ruhidium  sulphate  are  intermediate  between  those 
for  potassium  and  ccesixim  sulphates  respectively. 


646     TUTTOX  :  CRYSTALLOGRAPHY  OF  SULPHATES  OF 

The  ratio  of  the  length  of  the  axis  a  to  that  of  the  axis  b  diminishes,  hut 
the  change  is  only  very  slight,  upon  replacing  potassium  by  rubidium  or 
rubidium  by  ceesium,  while  the  ratio  of  the  vertical  axis  c  to  the  axis  b 
increases  materially. 

There  is  thus  a  true  progression  in  the  axial  ratios,  most  m^arked  with 
respect  to  the  ratio  c  to  b,  corresponding  to  the  progression  in  the  atomic 
weight  of  the  contained  metal. 

Comparison  of  the  Predominating  Habits. 

It  will  have  been  gathered  from  the  foregoing  individual  descrip- 
tions that  the  three  sulphates,  although  so  closely  do  they  resemble 
each  other  that  crystals  of  any  one  of  them  may  be  found  constructed 
on  all  the  types  of  development  represented  by  the  whole  of  the 
figures  given  for  the  three  salts,  are  characterised  by  largely  pre- 
dominating peculiarities  of  structure.  Thus  potassium  sulphate  is 
characterised  by  the  relatively  large  development  of  the  brachypina- 
coid  &{010},  and  the  comparative  insignificance  of  the  macropinacoid 
a{100}  and  basal  plane  c(001},  as  illustrated  by  a  very  common  type 
represented  in  Fig.  3.  Rubidium  sulphate  is  peculiar  in  exhibitiug 
a  much  larger  development  of  the  macropinacoid  (which  is  only 
materially  curtailed  by  the  important  pyramidal  faces),  a  slightly 
increased  basal  plane  and  a  very  much  smaller  development  of  the 
brachypinacoid  than  in  the  case  of  potassium  sulphate.  The  rela- 
tively small  size  of  the  basal  plane  and  brachypinacoid  causes  a 
corresponding  increase  in  the  brachydomal  forms,  particularly  2'{021}. 
These  characters  are  well  shown  in  Fig.  7.  Caesium  sulphate  is  cha- 
racterised by  the  exceptional  development  of  the  basal  plane,  as 
represented  in  Fig.  10,  and  likewise  the  large  development  of  the 
macropinacoid,  the  crystals  frequently  being  rectangular  blocks  whose 
largest  dimensions  are  in  the  direction  of  the  basal  plane,  the  pair  of 
sides  formed  by  the  brachypinacoid  being  the  most  diminished  by 
the  development  of  the  subsidiary  forms  (the  brachy domes) . 

Hence  the  three  salts  may  be  considered  to  be  characterised  by  the 
relative  development  of  the  basal  plane  and  macropinacoid.  In 
potassium  sulphate,  the  former  is  very  small,  in  rubidium  sulphate 
it  is  somewhat  larger,  in  cesium  sulphate  it  is  the  predominating 
form.  In  potassium  sulphate,  the  macropinacoid  is  very  narrow,  in 
rubidium  sulphate  it  is  the  characterising  form,  but  limited  some- 
what by  the  large  development  of  the  pyramidal  faces,  and  in  caesium 
sulphate,  where  the  latter  faces  are  insignificant,  the  macropinacoid 
forms  the  broad  flat  end  of  the  crystal.  Moreover,  the  intermediate 
position  of  the  rubidium  salt  is  clearly  indicated  by  the  fact  that 
while  in  the  potassium  and  caesium  salts  a  more  or  less  tabular  habit 
is  developed,  owing  to  the  predominance  of  the  brachypinacoid  in  the 
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former  salt  and  the  basal  plane  in  the  latter,  in  the  rubidium  salt 
these  forms  are  usually  rendered  insignificant  by  the  large  develop- 
ment of  the  brachydome  5'{021},  and  a  prismatic  habitus  is  developed, 
which  renders  the  crystals  entirely  difi^erent  from  those  of  the  other 
two  salts.  With  respect,  therefore,  to  the  relative  development  of 
the  basal  plane  and  brachypinacoid,  it  is  evident  that  a  regular  pro- 
gression is  commonly  observed  from  the  potassium  to  the  rubidium 
salt,  and  from  the  rubidium  to  the  caesium  salt.  These  observations 
may  be  generalised  as  follows. 

The  habits  assumed  l)y  the  crystals  of  the  rhombic  sulphates  of  potassium, 
rubidium,  and  ccBsium  approach  each  other  more  closely  than  is  the  case 
ivith  crystals  of  the  monoclinic  double  sulphates  of  the  series 

R2M(SO02,6H2O, 

just  as  do  the  angles.  The  predominating  relative  amounts  of  develop- 
ment of  the  primary  faces,  particularly  the  basal  plane  and  brachypina- 
coid, indicate  a  progression  from  the  potassium,  through  the  rubidium 
to  the  caesium  salt,  that  is,  corresponding  to  the  progression  of  the  atomic 
weight  of  the  contained  metal. 

These  general  conclusions  are  based  upon  observations  of  a  very  lar^e 
number  of  crystals,  belonging  to  many  different  crops  of  each  salt. 

It  may  be  here  observed,  for  the  fact  will  subsequently  be  shown  to 
have  considerable  significance,  that  no  other  faces  were  ever  discovered 
in  the  zone  containing  the  basal  plane  and  macropinacoid  lying  between 
those  faces. 

Alteration  of  the  Angular  Magnitudes  tvith  JRise  of  Temperature. 

In  order  to  be  quite  certain  that  the  conclusions  drawn  from  the 
goniometrical  investigation  v^ere  not  dependent  on  the  circumstance 
that  the  observations  were  made  at  the  ordinary  temperature,  and 
that  other  relationships  did  not  obtain  at  other  reasonably  elevated 
temperatures,  a  series  of  observations  have  been  carried  out  suc- 
cessively at  the  ordinary  temperature  (18 — 20°)  and  at  120°.  The 
large  goniometer  of  Fuess  (Model  No.  1),  reading  directly  to  10 
seconds  of  arc,  which  is  supplied  with  an  admirable  arrangement  for 
heating  the  crystal  in  a  small  air  bath  furnished  with  plate  glass 
windows,  and  in  which  a  pair  of  thermometers  are  immersed,  was 
employed  for  the  purpose  of  these  observations.  Crystals  of  the  three 
sulphates  were  selected  which  yielded  excellent  single  images  of  the 
Websky  slit  from  the  faces  a{100}  and  ^{llO},  enabling  the  angle  ap 
to  be  determined,  or  from  the  faces  enabling  the  complementary  angle 
fcp  or  the  angle  &p'  to  bo  determined,  any  of  these  values  determining 
the  axial  ratio  a :  b.     Similarly  the  angle  cq  between  the  basal  plane 
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c{001}  and  the  brachydome  gjOll}  was  determined  from  excellent 
faces  of  these  forms,  in  order  to  estimate  the  ratio  c  :  b. 

The  changes  in  these  angles  brought  about  by  the  unequal  expan- 
sion of  the  crystal  along  the  three  cry  stall  ographic  axes  are  extremely 
small,  but  are  distinctly  larger  for  the  angle  cq  than  for  the  angle  ap. 
The  change  for  any  angle  occurs  in  the  same  direction  in  each  salt. 
Both  the  angles  ap  and  cq  increase  when  a  crystal  of  any  of  the  three 
sulphates  is  heated,  so  that  the  ratios  a:  h  and  c:  h  both  correspond- 
ingly increase.  The  actual  amount  of  increase  in  the  angle  ap  when 
the  crystal  is  heated  from  20°  to  120°  is  less  than  a  minute  of  arc,  and 
in  the  neighbourhood  of  45  seconds,  corresponding  to  an  increase  in 
the  value  of  the  ratio  a  :  fe  of  not  more  than  3  in  the  fourth  place 
of  decimals.  The  increase  in  the  angle  cq  under  the  same  conditions 
is  more  considerable,  and  is  in  the  neighbourhood  of  1|  minutes, 
corresponding  to  an  increase  in  the  ratio  c  :  &  of  about  7  in  the  fourth 
place  of  decimals.  The  differences  between  the  actual  amounts  of 
change  for  the  potassium,  rubidium,  and  caesium  salts  fall  within  the 
limits  of  experimental  error ;  for  they  are  less  than  the  differences 
observed  in  the  amount  of  alteration  of  the  same  angle  of  the  same 
salt  as  determined  upon  different  crystals. 

These  observations  indicate  that : — 

The  conclusions  drawn  /rom  the  comparison  of  the  angular  magnitudes 
and  the  axial  ratios  of  the  crystals  of  the  normal  sulphates  of  potassium, 
rubidium,  and  ccesium  are  independent  of  the  temperature,  for  the  slight 
changes  brought  about  by  alteration  of  the  latter  occur  in  the  same  direction 
in  each  salt.  The  effect  on  the  axial  ratios  of  a  rise  of  temperature  of 
100°  is  to  increase  the  ratio  a,  :h  by  not  more  than  3  units  in  the  fourth 
place  of  decimals,  and  the  ratio  c  :h  by  about  7  such  units  in  each  of  the 
three  salts,  thus  leaving  the  relationships  of  the  latter  the  same. 

Cleavage. 

Potassium  sulphate  has  long  been  known  to  possess  two  directions 
of  cleavage,  which,  however,  are  not  very  perfect.  These  directions 
are  parallel  to  the  brachypinacoid  &{0]0}  and  basal  plane  c{001}.  A 
large  number  of  crystals  of  rubidium  and  ca3sium  sulphates  have  been 
examined  for  cleavage  during  the  course  of  this  work,  and  the  fact 
has  been  established  that  the  same  two  directions  of  cleavasfe  are 
common  to  the  three  salts.  Under  no  circumstances  was  a  plane 
fracture  ever  obtained  by  introducing  the  edge  of  a  penknife  parallel 
to  the  macropinacoid  or  the  prismatic,  domal,  or  pyramidal  forms. 
The  cleavage  in  the  direction  of  the  brachypinacoid  is  distinctly  more 
perfect  than  that  in  the  direction  of  the  basal  plane,  but  the  crystals 
split  fairly  easily  in  both  directions  ;  whereas  they  offer  great  resist- 
ance parallel  to  the  macropinacoid,  and  when  they  give  way  it  is 
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nsnally  with  complete  disruption  of  the  crystal  and  production  of 
plates  parallel  to  the  brachypinacoidal  cleavage  by  gliding.  It  may, 
therefore,  be  stated  that : — 

The  cleavage  directions  of  the  three  sulphates  are  identical,  and  are 
parallel  to  the  hrachypinacoid  atid  hasal  plane  respectively.  Neither 
cleavage  is  very  stro7igly  marked,  hut  that  parallel  to  the  hracJiypinacoid 
is  the  better  defined  of  the  two. 

Investigation  of  Volume  Relationships. 

Relative  Densities  of  the  Three  Sulphates. 

Considerable  trouble  has  been  taken  to  obtain  specific  gravity  de- 
terminations of  the  crystallised  salts  of  a  high  order  of  accuracy,  for 
purposes  of  an  interesting  nature  which  will  be  discussed  in  subsequent 
sections. 

The  specific  gravity  of  potassium  sulphate  has  formed  the  subject 
of  frequent  investigation,  among  the  earlier  determinations  being 
those  of  Joule  and  Playfair,  Schiff,  Kosten,  Filhol,  Spring,  and 
Schroder.  Between  the  years  1872  and  1876,  Pettersson  carried  out 
a  comprehensive  investigation  of  the  molecular  volumes  of  a  number 
of  sulphates  and  selenates  (Nuva  Acta  B.  Soc.  Scient.  Upsaliensis,  1873, 
[3],  9,  fasc.  1  and  1876,  [3],  10,  fasc.  2),  among  which  the  volumes 
of  the  sulphates  of  potassium,  rubidium,  and  csesium  were  determined, 
and  the  values  of  Pettersson  are  those  now  accepted.  The  main 
results  of  Pettersson's  work  were  also  contributed  to  the  Berichte 
(1876,  9,  1559),  but  the  detailed  description  is  only  to  be  found  in 
the  Upsala  publication  above  referred  to;  and  Arzruni,  in  compiling 
his  excellent  treatise  on  the  "  Fhysikalische  Chemie  der  Krystalle," 
published  last  year,  states  that  he  was  unable  to  obtain  access  to  it,  and, 
therefore,  naturally  quotes  Pettersson's  numbers  as  all  of  equal  value. 
Fortunately,  the  library  of  the  British  Museum  contains  a  copy,  and 
on  consulting  it  the  author  finds  the  following  statement  of  Pettersson 
concerning  the  determination  of  the  specific  gravity  of  caesium  sulph- 
ate :  "  Das  schwefelsaure  Casium  war  nicht  volkommen  rein,  denn 
bei  der  spektroscopischen  Priifung  zeigte  sich  audi  eine  schwache 
Rubidium  Linie.  Die  ausserordentlich  geringe  Menge  des  Materials 
machte  es  unmoglich  dasselbe  vorher  zu  reinigen  nnd  gestattete  nur 
eine  Bestimmung  des  specifischen  Gewichtes."  Moreover,  only  two 
determinations  of  the  specific  gravity  of  rubidium  sulphate  were 
made,  and  with  such  small  quantities  of  substance  (1"9926  and  1'1628 
grams)  that  accurate  results  were  not  very  likely  to  have  been 
obtained.  A  redetermination  of  the  specific  gravities  of  these  two 
salts  was  therefore  very  necessary.  The  author  has  carried  out  a 
series  of  detex'minations,    and   has   included  potassium  sulphate,  in 
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order  that  the  densities  might  be  strictly  comparahle.  Retgers  has 
lately  obtained  a  number,  2'666,  for  the  latter  salt,  which  agrees  fairly 
well  with  Pettersson's  numbers,  2'667,  2'669,  and  2'660,  but  some 
previous  observers  had  obtained  lower  numbers;  thus  Spring  obtained 
2"6565Wise  2"653,  and  Schroder  2"658.  Spring  in  another  determina- 
tion obtained  the  value  2'660. 

The  determinations  have  been  made  with  two  forms  of  pykno- 
meter.  One  was  a  modified  form  of  the  ordinary  type,  holding  about 
10  cubic  centimetres,  with  well-fitting  pierced  stopper,  which  was 
ground  into  the  neck  until  contact  was  perfect.  The  edge  of  the  neck 
was  then  ground  down  to  the  zone  of  perfect  contact,  so  that  no 
annulus  could  be  present  capable  of  holding  more  than  the  ex- 
tremely thin  film  of  liquid  which  is  drawn  up  by  capillary  attrac- 
tion. The  outer  edge  of  the  neck  was  then  bevelled,  and  a  glass  cap 
fitted  over  both  stopper  and  neck,  and  ground  upon  the  bevelled 
edge  of  the  latter  until  perfect  contact  was  likewise  obtained.  In 
order  to  maintain  the  cap  in  close  contact  with  the  neck  after  the 
filling  of  the  bottle,  a  small  brass  wire  stand  was  constructed.  The  wire 
was  first  bent  into  a  close  spiral,  the  lower  ring  of  which  was  capable 
of  resting  upon  the  table  or  balance  pan,  and  into  the  upper  ring  of 
which  the  bulb  of  the  pyknometer  rested  ;  the  wire  was  then  bent  up- 
right, and  at  a  height  a  little  less  than  that  of  the  top  of  the  cap  was 
again  bent  horizontally  and  looped  round,  so  as  to  form  a  small  ring, 
which  could  press  on  the  top  of  the  cap,  but  was  too  small  to  allow  thn 
cap  to  pass  through  it.  The  wire  was  then  bent  back  and  downwards, 
and  finally  bent  again  for  half  an  inch  horizontally  at  the  level  of  the 
table,  so  as  to  form  a  second  support.  The  spiral  base  and  the  upper 
loop  of  such  a  stand  form  an  excellent  spring,  which  presses  the  cap 
firmly  down  upon  the  neck  of  the  pyknometer  when  placed  in  posi- 
tion, and  loss  by  evaporation  either  through  the  capillary  bore  of  the 
stopper  or  from  the  neck  is  almost  entirely  prevented.  Such  a  stand, 
if  made  from  well-laquered  brass  wire,  retains  a  constant  weight  for 
months.  This  form  of  pyknometer  was  employed  by  Chapman  Jones 
in  some  determinations  of  specific  gravity  recently  described  by  him 
(/.  Soc.  Chem.  Ind.,  1893,  983).  The  determinations  were  made  at 
the  uniform  temperature  of  20°,  and  in  duplicate,  a  pair  of  such 
pyknometers  being  used  at  the  same  time.  A  third  larger  pykno- 
meter, of  about  30  c.c.  capacity,  similarly  fitted,  was  used  to  de- 
termine the  specific  gravity  of  the  liquid  employed,  in  addition  to 
the  determinations  made  by  means  of  the  small  bottles  themselves. 
The  temperature  of  20°  was  attained  by  immersing  the  bottles  up  to 
the  neck  in  water  contained  in  a  small  glass  bath,  surrounded  in  turn 
by  water  contained  in  a  still  larger  bath,  standing  upon  a  metal  plate  ; 
the  latter  was  gently  warmed  by  means  of  a  small  flame  for  a  few 
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seconds  from  time  to  time,  so  as  to  cause  the  temperatue  to  rise  very 
slowly,  until  exactly  20°  was  indicated  by  the  corrected  thermometer 
employed.  The  obtruding  drop  of  liquid  at  the  top  of  the  stopper 
was  then  wiped  off  by  chamois  leather,  leaving  the  liquid  in  the 
capillary  flush  with  the  top  of  the  stopper,  when  the  bottle  was  re- 
moved from  the  bath,  well  cleansed  about  the  neck,  the  cap  fitted 
over,  finally  cleansed  completely,  and  placed  in  its  stand.  After 
treating  the  duplicate  in  the  same  way,  both  were  placed  under  a 
small  glass  vase  with  ground  edge  fitting  upon  a  ground  glass  plate, 
until  they  had  attained  the  surface  conditions  under  which  the  empty 
bottles,  and  the  bottles  containing  the  salt,  were  weighed. 

The  other  form  of  pyknometer  was  one  devised  by  Muthmann, 
who  has  recently  contributed  to  the  Zeitschrift  fiir  Krystallographie 
und  Mineralogie  (22,  497)  an  important  memoir  concerning  the 
volume  theory  of  crystallised  substances.  The  description  of  his 
pyknometer  was  most  generously  given  to  the  author  in  a  letter  from 
Dr.  Muthmann,  together  with  his  entire  method  of  carrying  out  the 
determinations.  The  essential  point  of  it,  which  the  author  is  en- 
abled to  communicate  by  the  courtesy  and  desire  of  Dr.  Muthmann, 
is  that  the  perforated  stopper  is  continued  into  a  bent  capillary  tube, 
which,  until  the  time  of  weighing,  is  allowed  to  dip  beneath  the 
surface  of  a  small  quantity  of  the  liquid  employed  in  the  determina- 
tions. The  results  obtained  by  the  use  of  it  are  in  complete 
accordance  with  those  obtained  by  the  method  above  described.  Dr. 
Muthmann  will  shortly  fully  describe  his  method,  and  therefore  all 
further  reference  to  it  here  would  be  out  of  place. 

The  liquid  employed  has  been  carbon  tetrachloride,  which  Muth- 
mann has  found  to  dissolve  or  attack  inorganic  salts  the  least  of  all 
the  liquids  available,  and  is  endowed  with  a  relatively  high  density. 
The  heavy  methylene  iodide  was  also  tried  for  the  two  heavier  salts, 
but  a  slight  action  was  found  to  occur,  resulting  in  numbers  1  per 
cent,  too  high  being  obtained.  Turpentine  was  employed  for  one 
sei-ies  of  determinations  which,  as  will  be  described  in  the  next 
section,  were  to  be  afterwards  repeated  at  a  higher  temperature,  an 
impossibility  with  carbon  tetrachloride  on  account  of  its  low  boiling 
point.  The  salt  was  in  every  case  employed  in  the  state  of  finest 
powder,  obtained  by  grinding  in  an  agate  mortar  the  clearest 
crystals.  In  order  to  be  certain  of  the  absence  of  traces  of  moisture 
due  to  inclusions  of  mother  liquor  in  the  crystal.",  the  powder  was 
heated  for  some  hours  previous  to  use  at  110 — 120°  in  an  air  bath,  a 
very  necessary  precaution.  After  weighing  the  pyknometer  and  its 
content  of  salt,  the  bottle  being  filled  to  about  half  its  capacity  with 
the  powder,  t.  e  latter  was  well  covered  with  the  liquid  and  the  air 
bubbles  entirely  removed  by  placing  the  bottle  under  a  small  receiver 
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attached  to  a  Sprengel  pump,  rapidly  exhausting,  and  facilitating  the 
escape  of  bubbles  by  tapping.  The  air  was  then  admitted,  the  bottle 
removed,  completely  filled  with  the  liquid,  the  stopper  inserted,  and 
the  warming  to  20°  carried  out  as  previously  described.  It  is  needless 
to  say  the  weighings  were  all  corrected  for  air  displaced.  The  capacity 
of  the  pyknometers  had  been  previously  determined  with  the  greatest 
care  by  repeatedly  weighing  them  after  filling  with  water  at  20°.  In 
the  different  determinations  for  the  same  salt,  the  specimens  employed 
belonged  to  different  crops  of  crystals. 

The  results  of  the  determinations  are  given  below.  It  should  be 
mentioned  that  the  first  series  of  determinations  by  Muthmann's 
method  were  carried  out  at  the  temperature  14°- 75,  a  lower  tem- 
perature being  an  advantage  under  the  conditions  of  the  method. 
The  results  for  this  series  were  corrected  to  20°  by  use  of  the 
coefficients  of  expansion  to  be  referred  to  in  the  next  section. 

Relative  Density  of  Potassium  Sulphate  at  20°. 


Method  employed. 
Pyknometer  with  cap. . 

Liquid  used. 
Carbon     tetra- 
chloride 

Weight  of  salt 

employed, 

grams. 

4-4516 

Sp.  gr. 
at  20°. 
2-6659 

>»                •  • 

,, 

5-2624 

2-6609 

Pyknometer  with   cap 

(large  size) 
Muthmann's  method. . 

Turpentine. . . . 

Carbon      tetra- 
chloride 

191356 

7-2834 

2-6648  at  14-75° 

2-6660 
2-6630 

?)                •  • 

,, 

6-3147 

2-6640 

2-6622 

)i 

,, 

7-6748 

2-6617 

>j                •  • 

ji 

6-5019 

2-6631 

Mean  of  seyen  determinations  of  relative  density  of  K2SO4  at  20°/4°  2-6683. 

This  number  is  about  the  mean  of  the  values  obtained  by  other 
workers. 

Relative  Density  of  Rubidium  Sulphate  at  20°. 


Method  employed. 

Liquid  used. 

Weight  of  salt 

employed, 

grams. 

Sp.  gr. 
at  20°. 

yknometer  with  cap. . 

Carbon      tetra- 
chloride 

6-9676 

3-6150 

)>                •  • 

>j 

.     7-4668 

3-6094 

)>                •  • 

Turpentine.. .. 

10-7690 

3-6128 

Muthmann's  method. . 

Carbon     tetra- 
chloride 

7-1384 

3-6155  at  14-75° 

3-6132 

)>                ■  • 

» 

7-2337 

3-6094 

3-6071 

»               •  • 

6-2758 
7-0490 

3-6144 
3-6073 

Mean  of  seven  determinations  of  relative  density  of  Eb2S04  at  20°/4°  3-6118. 
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This  value  is  considerably  lower  than  those  found  by  Pettersson  as 
the  result  of  his  two  determinations  with  1'16  and  1-99  grams  of  salt 
respectively.  Those  values  were  3-639  and  3-641  at  16°'8.  Correcting 
these  to  20°  they  are  3-638  and  3-640.  The  high  result  is  either  due 
to  the  very  small  quantities  employed,  or  to  impure  salt,  possibly 
containing  caesium  sulphate. 

Relative  Density  of  Ccesium  Stilphate  at  20^. 


Weight  of  salt 

employed. 

Sp.  gv. 

Method  employed. 

Liquid  used. 

grams. 

at  20°. 

Pjknometer  with  cap, . 

Carbon     tetra- 
chloride 

9-5749 

4-2411 

» 

>) 

5-5173 

4-2458 

i>                •  • 

Turpentine. .  . . 

12-4937 

4-2433 

Muthmann's  method. . 

Carbon     tetra- 
chloride 

9-5117 

4-2487  at  14-75° 

4-2459 

80768 
4-5809 

4-2460 

4-2432 
4-2412 

Mean  of  six  determinations  of  relative  density  of  CS2SO4  at  20°/ 4°  4*2484. 

This  value  is  very  considerably  higher  than  that  obtained  by  Pet- 
tersson, which  was  4-105  at  19°2.  The  weight  of  salt  used  was  only 
1"0925  gram,  an  amount  far  too  little  to  give  an  accurate  result,  even 
if  the  salt  had  been  pure,  which,  in  the  words  previously  quoted,  he 
states  it  was  not. 

Coefficients  of  Cubical  Expansion  of  the  Three  Salts. 

In  order  to  be  able  to  calculate  the  specific  gravites  at  higher  tem- 
peratures, data  which  will  be  of  considerable  use  at  a  later  stage  in 
this  communication,  and  also  in  order  to  ascertain  whether  any 
differences  of  appreciable  magnitude  existed  between  the  total 
amounts  of  thermal  expansion  of  the  salts,  corresponding  to  the 
differences  in  atomic  weight  of  the  contained  metals,  a  series  of 
specific  gravity  determinations  at  60°  have  been  carried  out.  After 
trying  methylene  iodide  with  the  two  heavier  salts,  on  account  of  its 
high  boiling  point,  with  the  unfortunate  result  previously  referred 
to,  and  as  carbon  tetrachloride  and  the  only  other  liquids  available 
are  too  volatile,  and  mercury  is,  of  course,  too  heavy  and  the  methods 
involving  its  use  otherwise  inconvenient,  turpentine  has  at  length 
been  found  to  answer  best.  Turpentine  was  employed  in  the  re- 
searches of  Joule  and  Playfair  (Quat.  J.  Chem.  Soc,  1, 121)  on  atomic 
volume  and  specific  gravity.  The  results  of  the  determinations  at 
20°,  which  were  made  with  the  pyknometers  fitted  with  cap,  using 
turpentine  as  the  liquid,  agree  so  well  with  the  values  obtained  by 
the  use  of  carbon  tetrachloride  that  there  would  appear  to  be  no 
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appreciable  action  on  the  salts  under  investigation.  The  high  boiling 
point,  158 — 160°,  renders  it  eminently  suitable  for  the  purpose  in 
hand.  After  the  completion  of  the  three  determinations  at  20°,  the 
stoppers  were  removed,  more  turpentine  added  so  as  to  again  com- 
pletely fill  the  necks,  the  stoppers  replaced,  the  pyknometers  placed 
in  the  bath,  and  the  temperature  raised  to  60°.  After  maintaining 
the  temperature  constant  at  60°  for  some  time,  and  finally  taking  off 
the  obtruding  drops,  they  were  removed,  cleansed,  allowed  to  stand 
an  hour  in  the  closed  vase,  and  weighed.  A  determination  of  the 
density  of  the  turpentine  at  60°  had  previously  been  made  in 
duplicate.  The  results  obtained  were  as  follows,  those  previously 
determined  on  the  same  day  for  20°  being  also  given. 


CoefRcient  of 

Sp.  gr. 

Sp.  gr. 

Difference 

cubical  expansion 

at  20°/4". 

at  6074°. 

for  40°. 

for  40". 

K2S04  ... 

.     2-6660 

2-6521 

0-0139 

0-0053 

Rb^SO,. . . 

.     3-6128 

3-5943 

0-0185 

0-0052 

Cs.,SO,  . . . 

.     4-2433 

4-2218 

0-0215 

0-0051 

The  coefficients  of  cubical  expansion  thus  appear  to  be  practically 
identical ;  the  intermediate  number  found  for  the  rubidium  salt  can 
only  be  regarded  as  fortuitous,  for  the  whole  difference  of  2  in  the 
fourth  decimal  place  is  about  the  limit  of  experimental  error.  As 
was  found  with  respect  to  the  alterations  of  the  axial  ratios  for  a  rise  of 
100°  of  temperature,  the  differences  between  the  coefficients  of  cubical 
expansion  for  the  three  salts  are  too  small  to  be  quite  certain  about. 
Unfortunately,  the  admirable  method  of  Fizeau,  and  its  improvements 
at  the  hands  of  Benoit,  of  determining  the  linear  expansion,  are 
inapplicable,  owing  to  the  relatively  large  and  thick  crystal  plates 
required.  The  microscopic  method  employed  by  Schrauf  (Zeitschrift 
far  Kryst.,  9,  433,  and  12,  321),  using  the  same  type  of  Fuess  micro- 
scope, has  been  investigated,  but  the  extremely  small  differences  were 
found  to  be  less  than  the  errors  of  measurement  when  a  stage  heating 
apparatus  was  employed. 

From  the  data  afforded  by  the  measurements  of  the  angular  devia- 
tions at  120°,  and  the  determinations  of  the  coefficient  of  cubical 
expansion,  assuming  the  salts  to  expand  equally  as  far  as  the  expan- 
sion can  be  observed,  it  is  possible  to  calculate  the  linear  expansions 
^a,  M,  ^c  along  the  three  axial  directions. 

The  cubical  expansion  c  of  a  rhombic  crystal  is  expressed  by  the 
formula 

1  -j-  e  =  (1  -f  A«)(l  +  Xi)(l  +  \c). 

Excluding  all  higher  powers  of  the  expansions  than  the  first,  the 
cubical  expansion 

e  =■  \a  -\-  Xj  +  A-c. 
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The  value  of  e  for  100°,  calculated  from  the  mean  value  (0'0052) 
determined  for  40°,  is  00130.  Joule  and  Playfair  found  0-0107  for 
potassium  sulphate,  but  they  used  small  crystals,  and  their  value  for 
the  specific  gravity  was  much  lower  than  the  value  found  in  this 
investigation,  being  only  2*656  at  4°. 

The  ratio  ajh  was  found  to  increase  for  the  potassium  salt  from 
0-5727  at  20°  to  0-5730  at  120° ;  this  gives  for  the  difference  of  the  dila- 
tations \a  —  Xj  = =  0-00052.     Similarly  the  ratio  clh  increased 

0-5727 

from  0-7418  to  0-7425,  giving  for  A,  -  Xj  =  ^^^5t5  =  0-00094.  Identi- 

0'741o 

cal  numbers  are  obtained  by  using  the  ratios  of  the  rubidium  salt,  and 

if  the  cassium  sulphate  ratios  are  employed,  the  numbers  only  differ  by 

one  in  the  last  decimal  place. 

From  the  three  equations 

X«  +  Xi  +  X,  =  0-0130, 
X„  -  Xa  =  0-00052, 
Xc  -  Xj  =  0-00094, 

The  mean  linear  dilatations  for   the  three  salts   are  found  to  be  as 
follows : — 

\a  =  0-00437 

Xi  =  0-00385 

\c  -  0-00479 
It  therefore  appears  that  the  crystals  of  the  three  salts,  on  heating, 
expand  most  in  the  direction  of  the  vertical  axis  c,  and  least 
along  the  macrodiagonal  axis  h.  It  is  probable,  however,  that  the 
dilatations  along  the  axes  a  and  h  are  more  nearly  equal  than  are 
represented  by  the  above  numbers,  for  the  change  in  the  axial  ratio 
ajh  was  not  greater  than  0-0003,  and  was  probably  nearer  0-0002. 
The  fact  that  the  crystals  expand  so  much  more  along  the  vertical 
axis  than  along  the  two  lateral  axial  directions,  will  be  subsequently 
shown  to  have  an  intimate  connection  with  the  alteration  of  optical 
elasticity  with  rise  of  temperature.  For  the  greatest  increase  in 
optical  elasticity  occurs  likewise  along  the  vertical  axis,  and  the 
lesser  changes  along  the  lateral  axes  are  more  nearly  equal.  From 
the  clearly  established  progressive  relations  of  the  optical  elasticities 
of  the  three  salts,  there  is  every  probability  that  if  the  linear  dilata- 
tions could  be  determined  with  precision  they  would  exhibit  a  similar 
progression,  according  to  the  order  of  the  atomic  weights  of  the  con- 
tained metals. 

Molecular  Volumes  of  the  Three  Sulphates. 

The  molecular  volumes  M/cZ  of  the  three  salts,  calculated  from 
the  specific  gravities  at  20°,  are  as  follows. 
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For  K,SO,  . .     Mld  =  ^^  =  65-33 

Difference    8*44 

„    Rb,SO,..     Mld  =  ^^  =  73-77 
d-bll3 
Q«i.j,-  Difference  11'40 

The  molecular  volumes  given  by  Pettersson  were  65-37,  73*27,  and 
88-1.  Tlie  error  introduced  into  liis  number  for  the  molecular 
volume  of  caBsium  sulphate,  owing  to  the  small  quantity  and  impurity 
of  the  salt  employed,  is  seen  to  amount  to  three  whole  units.  The 
fact  pointed  out  by  Pettersson,  however,  that  the  substitution  of 
caesium  for  rubidium  is  accompanied  by  a  much  larger  change  of 
volume  than  that  which  occurs  when  rubidium  replaces  potassium,  is 
substantially  correct,  but  the  amount  of  difference  is  not  so  great  as 
stated  by  him,  the  ratio  being  8*4  to  11*4  instead  of  7'9  to  14-8. 

The  main  results  of  the  foregoing  section  of  the  investigation, 
concerning  the  volumes  of  the  salts,  may  be  summarised  in  the 
following  terms  : — 

The  relative  densities  of  the  crystals  of  the  normal  sulphates  of  potass- 
ium, ruhidiuTn,  and  ccesium,  at  20°  compared  with  water  at  4°  are 
respectively  2-6633,  3-6113,  and  4-2434. 

The  molectdar  vohimes  of  the  three  salts,  obtained  by  dividing  the 
molecular  weights  by  these  vahies  for  the  densities,  are  respectively 
65-33,  73-77,  and  85-17.  A  greater  increase  of  volume  accompanies  the 
replacement  of  rubidium,  by  ccesiitm  than  is  observed  luhen  rubidium 
replaces  potassi^im  in  the  sulphate,  the  ratio  of  the  respective  changes 
being  11-4  to  8-4. 

The  densities  of  the  three  sulphates  diminish  proportionally  to  their 
numerical  values,  on  raising  the  temperature.  At  60°,  the  relative 
densities,  compared  with  water  at  4°,  are  2-6521,  3-5943,  and  4-2218,  the 
differences  in  the  densities  for  a  rise  of  40°  of  temperature  being  0-0139, 
0*0185,  and  0-0215  for  potassium,  rubidium,  and  ccesium  stdphate  respec- 
tively. The  coefficients  of  cubical  expansion  for  100°,  calculated  from 
this  data,  are  almost  identical  being  0-0133,  0-0130,  and  0-0128,  and  the 
differences  are  about  the  lirrdts  of  experimental  error. 

The  coefficients  of  linear  expansion  along  the  three  axial  directions, 
obtained  hy  combining  the  Icnowledge  of  the  cubical  expansion  with  the 
amount  of  alteration  of  the  axial  ratios  for  rise  of  temperature,  are  also 
so  nearly  identical  that  the  differences  between  those  along  analogous 
directions  in  any  two  salts  fall  within  the  limits  of  error.  The  fact  is  well 
established,  however,  that  in  each  salt  the  greatest  amount  of  expansion 
occurs  in  the  direction  of  the  vertical  axis  c. 
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Relative  Dimensions  and  Nature  of  the  Crystal  Element. 

It  is  now  generally  accepted  that  a  crystallised  solid  substance  is 
not  built  up  directly  of  chemical  molecules,  but  of  definite  aggregates 
of  such,  to  which  have  been  applied  the  name  "  physical  molecules." 
The  theory  of  the  internal  structure  of  crystals  is  now  making  con- 
siderable advances,  due  largely  to  the  elaboration  by  Sohncke  of  his 
systems  of  points,  capable  of  accounting  for  the  construction  of  all  the 
known  forms  of  crystallographic  symmetry  on  the  supposition  of  the 
existence  of  such  crystal  elements  as  the  physical  molecules  may  be 
assumed  to  be,  and  by  Bravais,  of  the  space-lattice  theory  of  crystal 
structure.  An  important  contribution  to  the  subject  has  very  recently 
been  communicated  by  Muthmann  to  the  Zeitschrift  fur  Krystallo- 
graphie  (22,  497).  Muthmann  shows  that  the  molecular  volumes  of 
two  or  more  crystallised  substances  of  similar  composition  can  only 
represent  the  relative  volumes  of  the  chemical  molecules  if  (1)  the 
physical  molecules  of  which  the  crystals  are  built  up  consist  of  equal 
numbers  of  chemical  molecules,  (2)  the  interspaces  between  the 
chemical  molecules  composing  the  physical  molecules  bear  the  same 
relation  as  the  volumes  of  the  chemical  molecules  themselves,  and  (3) 
if  the  same  holds  good  for  the  interspaces  between  the  physical  mole- 
cules which  build  up  the  crystal.  The  first  condition,  equality  in  the 
number  of  chemical  molecules  which  compose  the  physical  molecule, 
is  evidently  fulfilled  by  strictly  isomorphous  substances,  such  as  the 
sulphates  of  potassium,  rubidium,  and  caesium,  and  the  double 
sulphates  containing  those  metals.  The  weights  of  the  physical 
molecules  in  such  a  series  of  strictly  isomorphous  compounds  must 
therefore  bear  the  same  relations  as  the  molecular  weights,  and  the 
molecular  volumes,  although  they  cannot  be  said  to  represent  the 
relative  volumes  of  the  physical  molecules,  the  crystal  elements,  on 
account  of  our  ignorance  concerning  the  second  and  third  conditions, 
will  aft'ord  relative  measures  of  the  volume  of  the  elementary 
parallelopiped  of  Bravais  and  Sohncke,  formed  by  joining  the  centres 
of  adjacent  crystal  elements.  Moreover,  the  sides  and  height  of  this 
elementary  parallelopiped  will  be  proportional  to  the  axial  ratios  of 
the  crystal  element,  that  is,  to  the  ordinary  crystallographic  axial 
ratios.  Hence,  by  combining  the  molecular  volumes  with  the  axial 
ratios,  the  relative  distances  apart  of  the  crystal  elements  in  the  three 
axial  directions  can  be  directly  calculated.  For  Federow  has  shown 
that  the  symmetry  planes  of  crystals  are  always  net-planes  of  the 
spacial-lattice,  and  consequently  in  the  rhombic  system  the  points 
will  always  lie  along  the  axial  directions.  A  rectangular  parallelo- 
piped, therefore,  whose  sides  are  proportional  to  the  crystallo- 
graphic  axes,   and   whose   volume   in   the  various  members   of  the 
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isomorphous  series  is  proportional  to  the  molecular  volume,  will  thus 
represent  the  elementary  parallelepiped  of  the  crystal  structure. 

Several  months  previous  to  the  publication  of  Muthmann's  memoir 
and  shortly  after  the  appearance  of  the  author's  paper  concerning  the 
double  sulphates  containing  potassium,  rubidium,  and  caesium,  the 
idea  of  combining  the  axial  ratios  with  the  molecular  volumes,  in 
order  to  obtain  relative  measures  of  the  true  axial  ratios  of  the  crystal 
element,  was  communicated  to  the  author  in  a  kindly  letter  from 
Professor  Becke,  of  Prague.  It  was  pointed  out  that  if  V  represents 
the  volume  of  the  elementary  parallelepiped,  p  the  molecular  weight 
of  the  salt,  s  its  specific  gravity,  and  ao,  ho,  Co  the  lengths  of  the  edges, 
then — 

V  =  fls  =  ao,  ho,  Co  sin  /3, 

if  the  parallelepiped  is  endowed  with  monoclinic  symmetry,  as  in  the 
case  of  the  monoclinic  double  sulphates.     Also 

ao  :  ho  :  Co  =  a  :  I  :  c  (the  ordinary  axial  ratio). 

Dividing  the  first  equation  by  ho^,  we  have — 

—  =:—.-£.  —  .  sin  fi  =  ac  sin  yS,  because  ^  =  a,  and  ~  =  c. 
ho^        bo      ho     ho  ho  bo 

Prom  which  we  deduce — 


=      /_Z 

'"         \/    ac  si] 


ac  sm  (i 

ao  =  aho=.  /A^ 

V  c  sin  yS 

Co=cho    =    ./Z^ll 

V  a  sm  /3 

The  values  of  ao,  ho,  and  Co,  obtained  for  the  various  salts  of  the 
isomorphous  series  will,  of  course,  be  different,  and  these  different 
values  will  represent  the  axial  ratios  of  the  crystal  elements  of  the 
salts. 

Adopting  Professor  Becke's  formulee,  and  adapting  them  to  the 
rectangular  nature  of  rhombic  symmetry,  we  have — 

ao  =  . /2l,   ho  =  .  /I,  and  c.  =  . /?!• 
V      c  \^     ac  V       a 

These  expressions  for  the  elementary  axial  ratios  are  identical  with 
those  deduced  by  Muthmann  by  a  somewhat  different  mode  of  reason- 
ing. He  assigns  to  the  three  axes  the  three  last  letters  of  the  Greek 
alphabet,  x,  yjr,  w,  and  if,  instead  of  ao,  ho,  and  Co,  we  write  these 
Greek  symbols,  the  formulae  of  Muthmann  are  reproduced. 

Muthmann  proposes  to  term  these  ratios  "  topic  axial  ratios,"  from 
T0V09,   space.     It  must  not,  however,  as  he  clearly  points  out,   be 
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assumed  that  these  ratios  represent  the  dimensions  of  the  ci'ystal 
element,  the  physical  molecule.  Thej  certainly  do  not,  because  we 
are  ignorant  of  the  relations  between  the  actual  substance  of  the 
physical  molecules  and  the  amount  of  interspace  between  them. 
What  they  do  represent,  however,  is  the  relative  distances  apart  of 
the  centres  of  adjacent  physical  molecules  (crystal  elements)  lying 
along  the  axial  directions  in  the  different  salts  of  the  series.  The 
word  "topic"  or  "topical"  is  not,  perhaps,  so  happy  an  expression 
of  the  nature  of  these  ratios  in  English  as  is  "topisch"  in  German, 
particularly  as  in  our  language  the  word  is  already  current  in  an 
altogether  different  sense.  The  author,  therefore,  prefers  to  speak  of 
them  as  distance  ratios  of  the  crystal  elements. 

On  calculating  the  distance  ratios  for  the  normal  sulphates  of 
potassium,  rubidium,  and  caesium  from  the  axial  ratios  and  molecular 
volumes  previously  given,  by  means  of  the  above  formulae,  the 
following  values  are  obtained. 

X.  ■■        ^-  ■■        <^- 

K2SO4..      3-0683  :  5-3575  :  3-9742 

Diff.  1157  Diff.  2061  Diff.  1901 

RbzSO*..     3-1840  :  5-5636  :  4-1643 

Diff.  1452  Diff.  2648  Diff.  2251 

CS2SO4..     3-3292  :  5-8284  :  4-3894 

It  will  at  once  be  observed  that  the  distances  of  adjacent  crystal 
elements  along  the  axial  directions  of  the  rubidium  salt  are  inter- 
mediate between  those  of  adjacent  physical  molecules  of  the  potassium 
and  caesium  salts.  The  above  numbers  are  somewhat  similar  to  those 
obtained  by  Muthmann  for  the  permanganates  of  the  same  three 
metals,  the  results  of  his  investigation  of  which  he  next  proceeds  to 
describe  in  the  communication  {loc.  cit.)  referred  to.  The  order  of 
alteration  of  the  distances  is  different,  however,  owing  to  the  different 
nature  of  the  salts.  The  greatest  amount  of  alteration  in  the  dis- 
tances of  the  crystal  elements  occurs  in  the  direction  of  the  h  axis, 
and  that  along  the  c  axis  is  but  little  inferior,  whereas  there  is  much 
less  increase  in  the  amount  of  separation  along  the  axis  a. 

The  author  can  see  no  reason  why  the  above  ratios  should  not  be 
expressed  in  their  simplest  form,  taking  one  of  the  numbers  as  unity, 
because  of  course  they  do  not  express  actual  but  relative  distances. 
It  is  therefore  proposed  to  divide  through  by  the  value  of  -^  for  the 
potassium  salt,  a  process  which  has  the  advantage  that  the  ratios  for 
the  potassium  salt  are  then  identical  with  the  crystallographical  axial 
ratios  themselves.  The  relations  of  the  numbers  so  obtained  will,  of 
course,  be  the  same  as  those  expressed  by  the  above  larger  numbers. 
The  ratios  thus  obtained  are 
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X.                             ••  ^-                              '•          <"• 

K^SOi  . .      0-5727                    :  1                               :  0-7418 

Diff.  216  DifE.  385                      Diff.  355 

RbjSOi..     0-5943                    :  1-0385                     :  07773 

DifE.  271  Diff.  494                      Diff.  420 

CS2SO4..     0-6214                   :  1-0879                     :  0-8193 

The  following  statement  may  now  be  made  regarding  tlie  distance 
ratios  of  the  crystal  elements. 

It  may  he  assumed  that,  in  the  case  of  the  strictly  isomorphons  normal 
sulphates  of  potassium,  ruhidi^im,  and  caesium,,  the  physical  onolecules  or 
crystal  elements  are  composed  of  the  same  numher  of  chemical  m,olecules. 
The  so-called  m^olecular  volumes,  more  correctly  equivalent  volum.es,  will, 
therefore,  express  the  relations  of  the  volumes  of  the  elementary  parallelo- 
piped  of  each  salt,  formed  hy  joining  the  centres  of  adjacent  crystal 
elements  situate  along  the  axial  directions.  The  sides  of  the  parallelo- 
pipeda  will  also  he  proportional  to  the  crystallographic  axial  ratios. 
Hence,  hy  comhining  the  m,olecular  volumes  with  the  axial  ratios,  it  is 
possihle  to  calculate  for  the  three  salts  the  relative  distances  apart,  fromi 
centre  to  centre,  of  their  physical  molecules  or  crystal  elements  along  the 
three  axial  directions,  and  thus  to  determine  the  relative  dimensions  for 
the  three  sulphates  of  the  elements  of  the  Bravais-Sohnche  "  Raum- 
gitter.^' 

The  distance  ratios  thus  calculated  indicate  that  the  replacement  of 
potassium  hy  ruhidium  and  ruhidium  hy  caesium  is  accom,panied  hy  an 
increase  in  the  separation  of  the  crystal  elements  along  each  of  the  axial 
directions,  corresponding  to  the  increase  in  molecular  volume,  and  this 
increase  is  relatively  much  greater  when  caesium  replaces  ruhidium  than 
when  ruhiditim  replaces  potassium.  The  amount  of  increase  varies  in  the 
three  axial  directions ;  it  is  greatest  in  the  direction  of  the  b  axis,  and 
least  along  the  a  axis ;  the  amount  of  increase  of  separation  along  the 
vertical  axis  c  is  almost  equal  to  the  maxitnum  along  the  axis  b. 

It  will  be  subsequently  shown,  in  comparing  these  changes  with 
the  changes  of  optical  elasticity,  that  the  increase  along  the  axes  a 
and  h  is  in  almost  exact  proportion  to  the  lengths  of  those  axes,  while 
the  incx'ease  along  the  c  axis  is  very  much  greater  in  proportion  to  its 
length. 

We  may  now  enquire  further  concerning  the  nature  of  the 
elementary  parallelepiped  of  the  series,  and  concerning  the  structure 
of  the  crystal  element  itself.  It  is  improper  to  assume,  without  con- 
sidering all  the  evidence,  that  the  elementary  parallelepiped  repre- 
sented by  the  above  distance  ratios  is  a  rectangular  rhombic  prism, 
the  unit  solid  of  the  rectangular  rhombic  spacial-lattice  system. 
Indeed,  Muthmann  show^s  that  in  the  case  of  the  permanganates  this 
is  not  so,  but  that  the  ratios  refer  to  the  rectangular  diagonals  (axes) 
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of  the  rhombic  prism,  a  column  with  a  rhombic  base.  The  question 
may  be  decided,  Avith  great  probability,  by  reference  to  the  cleavage 
of  the  crystals  and  to  the  relative  contents  of  the  sides  of  the  pina- 
coidal  and  prism  faces  respectively.  Two  important  rules  have  been 
established  in  connection  with  the  Bravais-Sohncke  theory.  The  first 
is  that  the  planes  of  cleavage  are  those  in  which  the  "points"  are 
most  densely  packed,  and  therefore  those  in  which  the  content  of  the 
unit  parallelogram  formed  by  four  adjacent  points  is  least.  The 
second  is  that  faces  are  most  readily  developed  upon  the  crystals 
along  those  planes  in  Avhich  the  points  are  most  densely  packed.  In 
the  sulphates  under  consideration  the  opposite  occurs  to  that  which  is 
observed  in  the  case  of  the  permanganates.  The  cleavages  are,  as 
has  been  shown,  parallel  to  the  brachypinacoid  i{010}  and  the  basal 
plane  cjOOl},  the  cleavage  in  the  former  direction,  moreover,  being 
most  perfect.  Hence  it  would  be  expected  that  the  brachypinacoid 
would  exhibit  the  least  area  of  the  primary  faces,  and  the  basal  plane 
only  a  little  greater.  This  is  precisely  what  is  observed.  The  area 
of  the  brachypinacoid,  obtained  by  multiplying  the  relative  lengths 
of  the  axes  a  and  c,  is  0'57  x  0'74;  that  of  the  basal  plane  =.  ah  ■= 
0*57  X  1,  somewhat  greater  than  that  of  the  brachypinacoid,  while 
the  macropinacoid  a{  100},  along  which  no  cleavage  is  observed,  has  the 
still  greater  area.  0"74  x  1.  Moreover,  the  primary  prism  ^{110}, 
whose  faces  would  be  sides  of  the  elementary  parallelogram  if  the 
rhombic  lattice  system  obtains,  exhibits  the  largest  extent  of  all, 
^a?  +  P  X  c  =  1152  X  0*74.  Hence,  in  accordance  with  the  second 
rule,  there  is  far  greater  probability  that  the  lattice  system  of  the 
sulphates  of  potassium,  rubidium,  and  caesium  is  that  of  the  rect- 
angular rhombic  prism  than  that  of  the  prism  with  a  rhombic  base. 
It  is  a  point  worthy  of  note,  as  confirming  the  accuracy  of  this  second 
rule,  that  no  faces  have  ever  been  observed  in  the  zone  of  the  macro- 
pinacoid a  and  the  basal  plane  c,  the  planes  of  greatest  and  medium 
content,  other  than  those  faces  themselves. 

Muthmaun  goes  a  step  further  in  assuming  that  the  crystal  element 
is  endowed  with  like  symmetry  to  the  crystal  itself.  It  cannot  but 
be  admitted  that  the  evidence  in  favour  of  such  an  assumption  is 
almost  ovei-whelming.  If  it  be  correct,  it  would  naturally  result  in 
the  formation  of  a  spacial  trellis  structure,  for  the  crystal  elements 
would  all  be  parallel  to  each  other  and  arranged  symmetrically 
according  to  the  same  axial  directions.  It  is  certainly  a  point  of 
great  significance  that  the  replacement  of  one  alkali  metal  by  another 
in  the  sulphates  under  consideration  invariably  produces  changes  in 
the  same  particular  directions.  It  has  been  shown  that  the  b  and  c 
axes  exhibit  nearly  equal  changes  of  much  greater  amount  than  that 
which  occurs  along  the  a  axis.     It  is  difiicult  to  understand  why  this 
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localised  change  should  occur,  unless  it  is  because  the  metallic  atoms 
contained  in  the  chemical  molecules  are  arranged  in  closest  proximity 
to  the  two  axes  which  exhibit  most  change.  In  the  case  of  the  per- 
manganates, Muthmann  concludes  that  the  evidence  of  the  changes  in 
the  distance  ratios  is  such  as  can  be  best  explained  on  the  supposition 
that  four  chemical  molecules  are  contained  in  each  physical  molecule, 
that  is  in  each  crystal  element,  symmetrically  arranged  with  the  four 
metallic  atoms  (considering  the  composition  KMnOi)  in  closest  prox- 
imity to  the  single  axis  which  exhibits  large  change.  If  there  is  any 
validity  in  Muthmann's  supposition,  for  the  evidence  in  favour  of 
which  the  memoir  should  be  consulted,  then  a  similar  interesting  con- 
clusion must  follow  in  the  case  of  the  sulphates.  In  this  case  there 
are  two  metallic  atoms  in  the  chemical  molecule,  and  the  distance 
ratios  for  two  axes  show  considerable  change.  The  exact  nature  of 
these  changes  can  be  fully  accounted  for  on  the  assumption  that  one 
of  the  two  atoms  of  each  chemical  molecule  behaves  as  if  it  were 
arranged  in  the  plane  ah  and  nearer  to  b,  and  the  other  in  the  plane 
he  and  nearer  to  c.  Such  an  arrangement  would  account  for  the 
greatest  change  on  replacing  the  atoms  by  heavier  ones  occurring 
in  the  direction  of  the  h  axis,  a  somewhat  smaller,  but  still  relatively 
large,  change  along  the  c  axis,  and  a  comparatively  small  change,  but 
still  a  very  appreciable  one,  along  the  a  axis.  Now,  if  the  crystal 
element  is  endowed  with  rhombic  symmetry  as  regards  the  arrange- 
ment of  the  chemical  molecules  of  which  it  is  composed,  each  of  these 
atoms  must  be  counterbalanced  by  another  at  an  equal  distance  at  the 
opposite  side  of  the  centre,  and  this  pair  of  atoms  must  be  repeated 
upon  the  other  side  of  the  symmetry  plane.  Hence,  each  of  the  tw^o 
atoms  of  a  chemical  molecule  must  be  repeated  four  times,  in  accord- 
ance with  rhombic  symmetry,  and  therefore  the  physical  molecule 
would  be  constructed  of  four  chemical  molecules,  symmetrically 
arranged  with  regard  to  the  three  planes  of  symmetry. 

The  consideration  of  the  volume  i-elationships  of  the  three  salts  may 
now  be  concluded  with  the  following  statement. 

The  directions  of  cleavage,  the  positions  of  the  planes  in  which  the 
elementary  parallelograms  occupy  least  area,  together  with  the  evidence 
afforded  hy  the  nature  of  the  forms  developed  upon  the  crystals,  agree  in 
indicating  that  the  elementary  parallelopiped  of  the  series  is  a  rectangular 
rhombic  prism.  If  it  is  correct  that  the  arrangement  of  the  chemical 
m,olecules  which  compose  the  physical  molecule,  the  crystal  element,  follows 
the  same  order  of  symmetry  as  is  exhibited  hy  the  crystal  itself,  then  the 
order  of  change  in  the  distance  ratios  of  the  crystal  elements  along  the 
three  axial  directions  can  be  fully  accounted  for  on  the  supposition  that 
the  crystal  element  of  the  series  is  composed  of  four  chemical  molecules. 
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the  atoms  or  groups  of  ivhich  are  symmetrically  arranged  with  respect  to 
the  three  planes  of  rhombic  symmetry. 

Optical    Investigation. 

The  optical  investigation  of  the  three  sulphates  includes  a  compre- 
hensive series  of  determinations  of  the  refractive  indices,  both  at  the 
ordinary  temperature  and  at  regular  temperature  intervals  up  to 
180°,  a  similar  large  number  of  determinations  of  the  optic  axial 
angles  at  the  ordinary  temperature,  determinations  of  the  sign  of 
double  refraction,  and  an  investigation  of  the  change  in  the  orienta- 
tion of  the  optic  axes  brought  about  by  rise  of  temperature  up  to 
100 — 120°.  From  the  data  thus  acquired,  together  with  the  know- 
ledge of  the  relative  densities  of  the  three  salts,  the  axial  ratios  of 
optical  elasticity  have  been  deduced,  and  the  specific  and  molecular 
refraction  and  dispersion  of  the  three  sulphates  calculated. 

The  optical  constants  of  potassium  sulphate  have  been  previously 
determined  with  a  certain  amount  of  completeness  by  Topsoe  and 
Christiansen  (Ann.  Ghim,.  Phys.,  1874,  [5],  1,  46).  Those  of  rubidium 
and  caesium  sulphates  are  entirely  wanting  ;  the  only  information 
extant  being  data  concerning  the  orientation  of  the  optic  axes  and 
the  character  of  the  double  refraction,  due  to  von  Lang  (Sitz-  Ber.  der 
Wien  Akad.,  55,  Abth.  2,  415),  which  in  the  case  of  rubidium  sulph- 
ate is  to  some  extent  at  variance  with  the  results  now  presented. 

The  character  of  this  optical  investigation  differs  from  previous 
investigations  of  the  same  kind,  owing  to  the  infinitely  improved 
means  of  preparing  the  necessary  section-plates  and  prisms  afforded 
by  the  use  of  the  accurate  grinding  apparatus  lately  described  by  the 
author  to  the  Royal  Society  (Zoc.  cit.).  Hitherto,  the  section-plates 
and  prisms  of  the  relatively  soft  cry.stals  of  artificial  salts  have  had 
to  be  prepared  by  hand,  holding  the  crystal  as  carefully  as  possible 
in  the  right  direction  between  the  finger  and  thumb  while  endeavour- 
ing to  grind  the  desired  surface  by  movement  of  the  crystal  to  and 
fro  over  a  slightly  convex  ground  glass  plate  lubricated  with  oil. 
The  difficulty  of  avoiding  fracture  of  the  crystal,  the  practical 
certainty  of  the  desired  direction  of  the  ground  surface  not  being 
nearly  exactly  attained,  and  of  the  surface  not  being  truly  plane,, 
together  with  the  large  expenditure  of  time  and  energy  in  the  pro- 
cess, have  driven  crystallographers  hitherto  to  confine  their  obser- 
vations largely  in  the  case  of  artificial  salts  to  those  obtained  by 
the  use  of  natural  plates  and  prisms  formed  by  existing  faces  of 
the  crystal.  It  is,  however,  frequently  impossible  to  obtain  the 
theoretically  desirable  plates  and  prisms  owing  to  the  lack,  mal- 
formation, or    slight  development  of  the    necessary   natural    faces. 
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hence  the  incomplete  character  of  much  of  the  puWished  optical 
work.  Moreover,  in  the  case  of  prisms,  unless  the  natural  crystal 
faces  are  remarkably  perfect,  the  multiplication,  blurring,  or  other 
distortion  of  the  refracted  images  is  usually  sufficient  to  render  the 
highest  accuracy  unattainable,  and  it  is  frequently  necessary  to 
cover  the  faces  with  small,  cemented  cover  glasses.  The  use  of 
cover  glasses  has  been  the  rule  whenever  prisms  have  been  actually 
ground ;  and  it  has  been  experimentally  proved  by  the  author  that 
the  use  of  them  introduces  errors  of  grave  import  in  a  comparative 
investigation  similar  to  the  present.  Probably  the  work  of  Topsoe 
and  Christiansen  is  of  the  highest  type  on  record ;  but  in  the  case 
of  potassium  sulphate,  of  the  six  prisms  employed,  two  were  formed 
by  natural  uncovered  faces,  and  the  other  four  were  covered.  By  the 
use  of  the  new  instrument,  which  combines  an  accurate  goniometer 
with  a  grinding  and  polishing  apparatus,  plates  or  prisms  may  be 
ground  accurately  in  the  theoretical  directions  with  a  possibility  of 
error  well  within  ten  minutes  of  arc  ;  the  rule  may  therefore  be  in- 
variably  followed  of  preparing  prisms  which  are  both  symmetrical 
to  a  plane  of  optical  elasticity,  and  whose  edges  are  pai-allel  to  an 
axis  of  optical  elasticity,  when  in  the  case  of  biaxial  crystals  all  three  • 
refractive  indices  are  obtained  by  the  use  of  two  such  prisms,  two  in- 
dices being  given  by  each,  and  one  being  consequently  determined  in 
duplicate. 

Moreover,  the  surfaces  obtained  are  truly  plane  and  so  highly 
polished,  that  cover  glasses  are  totally  unnecessary,  except  perhaps 
in  the  case  of  substances  which  are  too  soft  to  take  a  polish,  and  such 
cases  have  not  yet  presented  themselves  to  the  author.  The  images 
of  the  goniometer  or  spectrometer  slit  afforded  by  these  surfaces  are 
uniformly  bright  and  single.  A  delicate  arrangement  is  also  pro- 
vided for  varying  the  pressure  of  the  crystal  upon  the  grinding 
surface  during  the  grinding,  so  that  a  crystal  is.  rarely  fractured. 
There  is  likewise  provided  a  means  of  grinding  a  second  surface  truly 
parallel  to  the  first  ground  surface,  which  enables  a  parallel-faced 
section-plate  to  be  immediately  obtained  perfectly  perpendicular  to  a 
median  line  (axis  of  optical  elasticity),  and  such  plates  invariably 
exhibit  the  interference  figures  exactly  symmetrical  to  the  centre  of 
the  field. 

The  observations  have  been  made  for  a  larger  number  of  wave- 
lengths than  hitherto.  This  has  been  achieved  by  use  of  the  "  in- 
strument of  precision  for  producing  monochromatic  light  of  any 
desired  wave-length  "  described  on  the  same  occasion  to  the  Royal 
Society.  This  apparatus  enables  the  whole  field  of  the  axial 
ano-le  goniometer  to  be  evenly  and  brilliantly  illuminated  with 
spectrum   light   confined    to   a    very    few    adjacent    wave-lengths ; 
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for  instance,  when  it  is  used  to  generate  light  of  the  wave- 
length of  sodium  light,  the  amount  of  the  spectrum  which  emerges 
from  the  selecting  slit  of  the  apparatus,  and  which  is  diffused  in 
order  to  fill  the  field  of  the  polariscope  by  means  of  a  diffusing  screen 
of  ground  glass,  need  be  no  greater,  and  may  even  be  less  than  that 
which  is  included  between  the  two  sodium  D  lines.  The  author  has 
employed  the  lime-light  as  source  of  light  during  this  investigation, 
which  has  enabled  exceedingly  fine  slits  to  be  used,  ensuring  the 
highest  order  of  monochromatism.  The  facility  with  which  the 
change  from  one  wave-length  to  another  may  be  made,  by  simply 
rotating  the  dispersing  apparatus  so  as  to  set  the  circle  carrying  the 
latter  to  a  known  reading  corresponding  to  the  wave-length  in  ques- 
tion, enables  observations  for  the  six  wave-lengths  corresponding  to 
the  red  lithium  line,  the  red  hydrogen  C  line,  the  sodium  D  lines,  the 
green  thallium  line,  the  greenish-blue  hydrogen  P  line,  and  the 
bluish-violet  hydrogen  G  line  to  be  made  in  a  very  brief  space  of 
time.  This  is  particularly  convenient  in  the  case  of  temperature 
observations,  when  there  is  difficulty  in  maintaining  the  temperature 
constant  for  a  lengthened  period.  The  apparatus  has  been  found  to 
give  results  far  superior  to  those  obtained  by  the  use  of  colon I'ed 
flames  which  have  hitherto  been  usually  employed  in  crystallographi- 
cal  optical  investigations  ;  the  illamination  both  of  the  field  of  the 
polariscope  when  studying  the  interference  figures  in  convergent 
light,  and  of  the  refracted  image  of  the  Websky  slit  of  the  spectro- 
meter when  determining  refractive  indices  by  means  of  prisms,  being 
immeasurably  superior,  enabling  far  more  accurate  approximations  of 
the  hyperbolic  brushes  of  the  former,  or  the  narrow  central  portion 
of  the  latter,  to  the  cross  wires  to  be  effected. 

Full  details  of  the  construction  of  these  instruments  and  of  the 
mode  of  using  them  are  given  in  the  memoirs  communicated  to  the 
Royal  Society,  and  which  will  shortly  appear  in  the  Philosophical 
Transactions. 

The  crystals  of  the  sulphates  of  potassium,  rubidium,  and  caesium 
exhibit  only  feeble  double  refraction,  so  that  relatively  thick  plates 
are  required  in  order  to  obtain  well-defined  interference  figures  in 
convergent  polarised  light.  In  the  cases  of  the  sulphates  of  potas- 
sium and  caesium,  plates  of  at  least  a  couple  of  millimetres  in  thick- 
ness are  required  to  exhibit  small  rings  around  the  optic  axes,  while 
in  the  case  of  rubidium  sulphate  a  section  little  less  than  a  centi- 
metre thick  is  essential  for  the  production  of  a  similarly  well-defined 
figure.  Indeed,  the  optical  properties  of  rubidium  sulphate  were 
apparently  remarkably  anomalous,  and  of  quite  a  different  nature  to 
the  normal  characters  of  those  of  the  sulphates  of  potassium  and 
caesium,  and  it  was  not  until  considerable  progress  had  been  made  in 
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the  optical  investigation  that  the  reason  was  discovered  and  the  in- 
teresting fact  revealed  that  these  apparent  anomalies  were  conditions 
of  a  true  optical  progression  in  the  order  of  the  atomic  weights  of 
the  contained  metals.  It  will  be  convenient  to  describe  first  the 
results  of  the  detailed  optical  investigation  of  potassium  and  caesium 
sulphates,  and  subsequently  those  of  rubidium  sulphate. 

Optical  Properties  of  Potassium  Sulphate. 

The  plane  of  the  optic  axes  is  the  macropinacoid  ajlOO}.  The  first 
median  line  is  the  crystallographic  axis  c.  The  axes  and  their  sur- 
rounding series  of  rings  and  lemniscates  are  observed,  symmetrical  to 
the  traces  of  the  crystallographic  symmetry  planes,  through  a  section- 
plate  a  couple  of  millimetres  or  more  thick  parallel  to  the  basal  plane. 
The  double  refraction  is  positive.  Hence  the  crystallographic  axis  c 
(the  first  median  line)  is  the  axis  c  of  least  optical  elasticity ;  the 
axis  6  (the  second  median  line)  is  the  axis  a  of  greatest  elasticity ; 
and  the  axis  a  is  the  axis  b  of  medium  elasticity,  accordmg  to  the 
scheme  of  Topsoe  and  Christiansen  (loc.  cit.),  who  use  the  symbols 
a  b  C  to  designate  the  axes  of  optical  elasticity  (in  the  rhombic  system 
coincident  with  the  crystallographic  axes)  where  a  >  1)  >  c. 

Determinations  of  Refractive  Indices. — The  three  refractive  indices 
a  y8  7  (where  a  <  /3  <  7)  have  been  directly  determined  by  means  of 
excellent  prisms  accurately  ground  and  polished  in  the  theoi-etically 
most  desirable  directions  by  means  of  the  new  apparatus  previously 
referred  to.  Each  of  these  prisms  was  formed  by  plane  faces  truly 
symmetrical  to  a  plane  of  optical  elasticity,  and  the  intersecting  edge 
was  strictly  parallel  to  an  axis  of  optical  elasticity.  Eleven  such 
prisms  were  prepared  with  the  greatest  care,  and  were  used  uncovered, 
the  polished  faces  furnishing  brilliant  single  reflected  images  of  the 
slit,  and  a  pair  of  bright  and  clearly  defined  refracted  images  corre- 
sponding to  the  two  refractive  indices  afforded  by  the  particular 
prism  for  the  particular  wave-length  of  light  with  which  the  slit  was 
illuminated.  These  11  prisms  were  ground  upon  five  different  well- 
formed  crystals,  from  different  crops,  of  somewhat  larger  size  than  the 
small  crystals  employed  in  the  goniometrical  investigation.  It  was  so 
arranged  that  a  pair  of  prisms  (in  one  case  three  prisms,  the  third 
beino-  a  duplicate  at  the  other  end  of  the  same  crystallographic  axis) 
were  ground  upon  the  same  crystal  in  such  directions  that  all  three 
refractive  indices  were  determined  by  use  of  them,  one  of  the  indices 
being  also  obtained  in  duplicate  owing  to  one  direction  of  vibration 
being  common  to  the  two  prisms.  Hence  five  complete  independent 
series  of  indices  have  been  obtained,  the  mean  values  of  which  are 
probably  as  near  to  the  truth  as  is  experimentally  attainable.  The 
measurements  of  the  prism  angles,  which  were  closely  approximating 
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to  60°,  and  the  determinations  of  minimum  deviation  by  use  of  the 
new  mouochi'omatic  light  apparatus,  were  carried  out  precisely  as 
described  in  the  communication  to  the  Royal  Society  previously 
referred  to.  The  measurements  of  miuimum  deviation  were  extended 
as  far  as  G  of  the  spectrum,  the  pair  of  images  of  the  slit  in  G  violet 
light  being  still  sufficiently  distinct  with  the  best  polished  prisms  to 
enable  accurate  allocation  to  the  cross  wires  of  the  spectrometer  to 
be  made.  The  excellent  goniometer  of  Fuess  JSTo.  2a  was  employed 
as  spectrometer,  using  throughout  the  Websky  slit.  The  directions 
of  vibration  of  the  light  of  the  two  refracted  images  were  determined, 
as  described  in  the  memoir  referred  to,  by  means  of  a  Nicol  prism 
carried  in  front  of  the  eye-piece,  which  was  also  used  to  extinguish 
one  image  while  setting  the  other  to  the  cross  wire.  The  results  of  the 
determinations  are  given  in  the  accompanying  table  (p.  668).  Details 
of  the  determinations  of  minimum  deviation,  all  of  which  were  made 
in  duplicate,  one  series  with  the  light  incident  upon  one  face  of  the 
prism,  and  another  series  with  it  incident  upon  the  other  face,  are 
omitted  as  more  suitable  for  the  note-book ;  and  all  values  detei"- 
mined  more  than  once  upon  the  same  crystal  are  likewise  omitted, 
the  mean  only  being  given  in  each  case.  In  all  cases  the  duplicate 
values  were  within  four  units  in  the  fourth  place  of  decimals  from 
the  mean,  and  usually  not  more  than  one  or  two  removed.  In  the 
last  column,  the  final  mean  values  of  the  refractive  indices  are 
given. 

It  will  be  understood  that  Li  in  the  second  column  concisely  ex- 
presses that  the  determination  was  made  with  monochromatic  light 
from  the  new  apparatus  of  the  same  wave-length  as  that  of  the  red 
lithium  line,  C  that  corresponding  to  the  red  hydrogen  line,  Na  to 
the  sodium  D  lines,  Tl  to  the  green  thallium  line,  F  to  the  greenish- 
blue  hydrogen  line,  and  G  that  corresponding  to  the  bluish-violet 
hydix)gen  line. 

General  Formula  for  the  Refraction  of  Potassium  Sulphate. — The 
refractive  indices  of  the  crystals  of  potassium  sulphate  may  be  repre- 
sented by  the  following  formula,  obtained  by  combining  the  three 
equations  of  condition  formed  by  placing  the  observed  values  of  the 
indices  and  the  corresponding  wave-lengths  for  red  hydrogen  C  light, 
light  of  the  wave-length  of  the  sodium  lines,  and  light  of  the  wave- 
length of  the  thallium  flame  in  Cauchy's  formula 

^  =  A  +  ^+-,  + 


The  indices  employed  were  the  ft  values,  those  corresponding  to  the 
intermediate  axis  of  optical  elasticity.     It  is  found  that  the  values 
of  the  a  and  7  indices  are  equally  well  reproduced  by  the  formula  if 
VOL.  LXV.  o    k. 
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the  constant  A  is  diminislied  by  00012,  and  increased  by  0'0026 
respectively.  In  calculating  the  constants,  the  mean  values  given  in 
the  table  have  been  corrected  for  the  atmospheric  refraction  by  adding 
to  the  mean  observed  values  0*0004,  so  that  the  formula  expresses 
the  true  refractive  indices  in  vacuo.  In  the  calculations  also,  only  the 
significant  figures  of  the  wave-lengths  6562,  5892,  and  5348  have 
been  used  as  whole  numbers. 

^J'fo!Jl    .    417     458       1    474    690    000    000    , 
7  1-4869  J  ^  ^ 

The  formula  reproduces  the  values  with  great  precision,  the  calcu- 
lated values  for  G  light  being  only  4 — 6  units  in  the  fourth  place  of 
decimals  removed  from  the  observed  values  (-f  the  reduction  to 
vacuo  constant  0"0004),  while  the  values  for  the  more  brilliantly 
illuminating  portions  of  the  spectrum  are  exactly  reproduced. 

Observations  of  Refractive  Index  at  Higher  Temperatures. — It  was 
considered  important,  in  order  that  any  deductions  drawn  from  a 
comparison  of  the  refractive  indices  of  tlie  three  salts  should  be 
independent  of  temperature,  that  a  series  of  observations  should  be 
made  at  regular  temperature  intervals  up  to  a  reasonably  elevated 
limit.  A  series  of  such  determinations  have  therefore  been  made  at 
intervals  of  40"  up  to  180°.  The  large  goniometer,  Model  No.  1,  was 
employed,  with  its  accompanying  heating  apparatus.  Such  investi- 
gations are  much  facilitated  by  the  new  monochromatic  light  appa- 
ratus, for  a  whole  series  of  observations  with  five  wave-lengths, 
together  with  the  measurement  of  the  angle  of  the  prism,  can  be 
made  in  a  very  few  minutes,  during  which  time  it  is  not  difiicult  to 
maintain  the  temperature  constant.  The  determinations  were  ob- 
tained with  two  of  the  best  of  the  prisms. 

In  the  following  table  are  given  the  results  for  the  different  tem- 
peratures, the  mean  values  for  the  ordinary  temperature  taken  from 
the  previous  table  being  also  given  for  the  sake  of  comparison.  The 
values  for  G  light  were  not  observed  owing  to  the  relative  weakness 
of  the  G  images  after  passing  through  the  plate-glass  windows  of  the 
heating  apparatus,  the  setting  of  such  images  requiring  much  longer 
time. 

It  will  be  observed  (1)  that  there  is  a  steady  decrease  of  refractive 
power  as  the  temperature  rises  ;  (2)  that  the  change  is  greatest  in 
the  7  indices  corresponding  to  rays  vibrating  parallel  to  the  vertical 
axis  c,  the  difference  for  a  rise  of  160°  amounting  to  about  00067  ; 
and  (3)  the  change  in  the  a  and  y3  indices  corresponding  to  the 
Hxes  a  and  b  is  about  equal,  amounting  to  approximately  0*0057. 
It  will  be  interesting  to  observe  subsequently  whether  the  same  rules 
hold  in  the  cases  of  the  other  two  salts. 

3  A  2 
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Refraction  of  Potassium  Sulphate  a  t  Different  Temperatures. 


Lidex. 

Nature  of 
light. 

At  ordinary 

temperature 

(18—20°). 

At  60°. 

At  100°. 

At  140°. 

At  180°. 

a 
Vibs.  par. 
to  axis  b. 

r 
1 

■{ 
1 

L 

Li 

C 

Na 

Tl 

F 

1-4912 
1-4916 
1 -4935 
1  -4955 
1  -4982 

1  -4902 
1  -4906 
1  -4925 
1  -4945 
1  -4972 

1 -4890 
1 -4894 
1-4911 
1 -4931 
1 -4960 

1  -4876 
1  -4880 
1-4896 
1-4917 
1 -4946 

1-4855 
1  -4859 
1 -4878 
1  -489^ 
1 -4926 

0 
Vibs.  par. 
to  axis  a. 

r 

Li 
C 

Na 
Tl 
F 

1  -4924 
1  -4928 
1 -4947 
1  -4967 
1  -4995 

1  -4914 
1  -4918 
1  -4936 
1 -4955 
1 -4984 

1  -4901 
1  -4905 
1  -4921 
1  -4944 
1  -4972 

1  -4886 
1 -4890 
1  -4909 
1  -4928 
1  -4956 

1 -4869 
1-4873 
1  -4890 
1 -4910 
1  -4936 

7 

Vibs.  par. 

to  axis  c. 

Li 
C 

Na 
Tl 
F 

1  -4950 
1 -4954 
1  -4973 
1  -4994 
1  -5023 

1 -4938 
1 -4942 
1 -4963 
1 -4983 
1 • 5010 

1  -4924 
1  -4928 
1  -4948 
1  -4968 
1  -4995 

1-4905 
1-4909 
1  -4929 
1  -4949 
1-4978 

1  -4883 
1  -4887 
1  -4906 
1  -4927 
1  -4954 

Optical  Elasticity  Axes  of  Potassium  Sulphate. — The  relative  opti- 
cal elasticities  at  the  ordinarj^  temperature  along  the  directions  of  the 
three  crystallographic  axes,  determined  by  comparing  the  reciprocals 
of  the  refractive  indices  corresponding  to  the  crystallographic  axes 
a  and  c  with  the  reciprocal  of  that  for  6,  and  for  the  same  wave- 
length, are  as  follows, 

a:h:c-  0-9992  :  1  :  0-9975. 

The  values  were  calculated  for  the  wave-lengths  of  the  C  hydrogen 
line,  the  D  sodium  lines,  and  the  thallium  line,  and  are  identical  for 
these  three  wave-lengths. 

The  refractive  indices  of  potassium  sulphate  were  determined  by 
Topsoe  and  Christiansen  (loc.  cit.)  for  the  rays  C,  D,  and  F  of  the 
spectrum,  the  sources  of  light  being  a  hydrogen  Geissler  tube  and 
a  spirit  lamp  whose  flame  was  impregnated  with  salt.  Six  prisms^ 
were  employed  ;  two  were  formed  by  natural  faces,  and  the  remain- 
ing four  were  ground  by  hand  and  covered  with  glass  plates.  Five 
of  these  six  prisms,  however,  were  only  such  as  afl^orded  one  refrac- 
tive index,  not  being  symmetrical  to  a  plane  of  optical  elasticity. 
The  values  arrived  at  for  the  indices  are  fairly  close  to  those  given 
in  this  communication,  the  greatest  difference  for  any  index  being  7 
in  the  fourth  place  of  decimals.  The  ratios  of  the  elasticity  axes 
derived  from  their  values  are  0-9991 : 1  :  0-9968. 

Adopting  the  scheme  of  orientation  of  elasticity  axes  employed  by 
Topsoe   and  Christiansen,  where    a  >!)>£,   the  order  for  potassium 
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«ulphate  corresponding  to  tlie  order  of  the  crystallographic  axes  is 
hue,  the  cross  under  the  last  symbol  indicating  that  the  crystallo- 

+ 
oraphic  axis  c,  the  axis  of  least  optical  elasticity,  is  the  first  median 
line  and  that  the  sign  of  double  refraction  is  positive.  The  sign  of 
double  refraction  was  confirmed  by  observation  of  the  distortion  of 
the  interference  figure,  exhibited  by  a  plate  perpendicular  to  the  first 
median  line,  produced  by  the  introduction  of  a  quarter  undulation 
mica  plate  in  the  ordinary  manner ;  its  positive  character  is,  of 
•course,  determined  by  the  fact  that  the  intermediate  indices  /3  are 
nearer  to  the  a  than  to  the  7  values. 

The  elasticity  ratios  calculated  from  the  refractive  indices  at  180° 
are  :  a :  6 :  c  =  0'9992  : 1 :  0*9981,  the  former  being  identical  with,  and 
the  latter  not  far  removed  from,  the  value  at  the  ordinary  tempera- 
ture, and  the  order  being  the  same. 

Determinations  of  Optic  Axial  Angle. — Experimental  determinations 
of  the  optic  axial  angle  are  of  much  greater  value,  particularly  in  the 
case  of  low  doubly  refracting  substances  like  those  under  considera- 
tion, than  values  calculated  from  the  refractive  indices  by  the 
formula 


cos  V 


=  V'^- 


For  the  differences  between  the  reciprocals  of  the  squares  of  the 
refractive  indices  are  so  small  that  a  change  of  one  unit  in  the  fourth 
place  of  decimals  in  the  refractive  indices  is  sufficient  to  alter  the 
■calculated  value  of  the  optic  axial  angle  by  as  much  as  from  one  to 
two  whole  degrees.  Even  in  the  case  of  the  refractive  indices  deter- 
mined with  so  much  care  in  the  present  determination  it  is  quite 
possible  that  the  error  may  even  attain  to  two  such  units,  hence 
measurements  of  the  optic  axial  angle  are  alone  to  be  regarded  as 
worthy  of  acceptance. 

Three  pairs  of  section-plates  were  ground  by  means  of  the  new 
grinding  instrument,  perpendicular  to  the  first  (axis  c)  and  second 
(axis  6)  median  lines  respectively.  The  sections  require  to  be  rela- 
tively very  thick  in  order  to  exhibit  well-defined  interference  figures, 
owing  to  the  low  double  refraction.  The  three  sections  parallel  to 
the  basal  plane  employed  for  the  determination  of  2E,  the  apparent 
angle  in  air,  and  2Ha,  the  apparent  acute  angle  in  the  highly  i-efrac- 
tive  liquid  employed  (a-monobromonaphthalene)  varied  from  2  to  over 
3  mm.  in  thickness,  the  latter  dimension  being  well  adapted  for  the 
purpose.  Somewhat  large  crystals  are  required  to  furnish  such  sec- 
tions, for  usually  the  crystals  are  narrow  in  this  direction.  Particu- 
lar care  was  therefore  bestowed  on  the  choice  of  the  most  perfect 
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large  crystals.  The  greater  development  of  tlie  crystals  in  tlie 
direction  of  tlie  brachypinacoid  b  enabled  three  excellent  large  and 
sufficiently  thick  sections  to  be  prepared  perpendicular  to  the  second 
median  line,  through  which  the  obtuse  angle  of  the  axes,  2Ho,  was 
well  observed  in  monobromonaphthalene.  The  excellent  polish  which 
the  surfaces  presented  after  five  minutes'  use  of  the  polishing  appa- 
i*atus  of  the  instrument  enabled  the  whole  of  the  measurements  to 
be  carried  out  without  the  nse  of  cemented  glass  cover-plates.  The 
larger  axial  angle  goniometer  of  Fuess  was  employed,  illuminated  by 
the  new  monochromatic  light  apparatus,  the  operations  being  con- 
ducted as  described  in  the  communication  to  the  Phil.  Trans,  of  the 
Royal  Society  previously  referred  to.  Three  settings  of  each 
hyperbolic  brush  were  made  to  the  cross  wires  for  each  wave- 
length, and  the  mean  of  the  goniometer  circle  readings  taken  as  the 
true  position. 

The  interference  figure  of  potassium  sulphate  in  air  2E  is  much 
less  well-defined  than  in  bromonaphthalene,  and  owing  to  the  large 
angle  by  which  the  hyperbolic  brushesTare  separated,  fairly  wide  aS' 
well  as  thick  sections  are  required  in  order  that  well-defined  brushes 
may  be  brought  to  the  cross  wires.  No  trace  of  colour  could  be 
detected  about  the  brushes  when  viewed  in  white  light,  indicating 
the  absence  or  minuteness  of  dispersion  of  the  axes.  In  bromo- 
naphthalene there  is  over  a  degree  of  dispersion.  Upon  proceeding 
to  measure  the  angle  2E  in  air,  although  the  thick  sections  employed 
furnished  fairly  fine  brushes,  no  difference  greater  than  the  error  of 
setting  of  the  brushes  to  the  cross  wires  could  be  detected  between 
the  values  of  the  angles  for  the  extreme  ends  of  the  spectrum. 
Topsoe  and  Christiansen  give  the  angle  in  air  2E  as  111°  19'.  Des 
Cloizeaux  had  previously  found  2E  107 — 109",  and  in  a  later  memoir 
(Memoires  des  Savants  J^'trangers,  t.  xviii,  p.  608)  gave  the  values  for 
the  red  and  blue  of  the  spectrum  as  110°  15'  and  110°  26'  respec- 
tively. 

A  large  number  of  measurements  of  2E  were  made  for  light  of  the 
wave-lengths  of  the  red  lithium  line  and  the  greenish-blue  hydrogen 
F  line,  with  the  three  sections,  but  the  numbers  obtained  exhibit 
differences  for  the  same  wave-length  greater  than  the  limits  of  Des 
Cloizeaux's  values.  The  author  therefore  prefers  to  give  the  mean  of 
all  the  values  obtained  and  to  record  the  fact  that  the  dispersion 
of  the  axes  is  extremely  small.  The  mean  value  of  the  apparent 
angle  in  air  thus  obtained  is 

2B  =  111°  0'. 

The  limits  of  the  individual  observations  lie  about  30'  on  each  side 
of  this  mean  value. 
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The  determinations  of  the  apparent  acute  and  obtuse  angles  in 
bromonaphthalene  presented  no  difficulties,  the  brushes  being  admir- 
ably defined  and  the  dispersion  unmistakable.  The  new  mono- 
chromatic light  apparatus  enables  small  amounts  of  dispersion  to  be 
particularly  easily  recognised  ;  by  rapid  rotation  of  the  prism  circle 
and  consequent  rapid  change  in  the  colour  with  which  the  whole  field 
is  illuminated  the  brushes  can  be  seen  to  move  from  one  position  to 
another  with  respect  to  the  horizontal  pair  of  cross  wires.  The 
following  are  the  results  of  the  observations  with  the  six  sections  : — 

Determination  of  True  Optic  Axial  Angle  2Va  of  K2SO1. 

No.  of  Obseryed  No.  of       Observed  Calculated 

section  values  section  values  value            Mean 

Nature           perp.  1st           of  perp.  2nd  of  of  values 

of  light.       median  line.  2Ha.  median  line.      2Ho.  2Va.  of2Va. 

fl  60°     5'  Iffl  97°  16  67°  25'' 

Li -^2  60    30  2«  97    48  67    32    \-      67°  25' 

[3  60   3  3a  97  28  67  18 

60   2     la     97  12     67  24, 
C -{2  60  23      2a  97  36     67  31  J.   67  24 


[1  60  2  la  97  12  67  24,  I 

■{2  60  23  2a  97  36  67  31  \ 

[3  59  57  3a  97  23  67  16  J 

11 


II 


59  53      la     97   2     67  21  "1 

Na ^2  59  59     2a     96  58     67  27  [     67  20 

59  44     3a     97   6     67  12  J 

59  30     la     96  28     67  16  "1 

Tl :  -{2     59  33     2a     96  18     67  23  ^  67  15 

59  12     3a     96  17     67   6  J 

59   0      la     95  44     67  10  "l 
F ^2  58  54     2a     95  35     67   9  ^   67   7 

58    49  3a  95    42  67      2  J 

The  measurements  of  2Ha  and  2Ho  with  each  pair  of  sections 
arranged  in  the  same  horizontal  line  in  the  table,  which  together 
enabled   the   true    angle   2Va   to   be   calculated   from   the   formula 

tan  Va  =  — : — rr,were  carried  oat  in  immediate  succession  on  the 
sin  Ho 

same  evening,  so  that  no  change  in  the  refraction  of  the  bromonaph- 
thalene was  possible.  Observations  with  G  light  are  not  very 
trustworthy,  on  account  of  loss  of  light  by  the  absorption  of  the 
bromonaphthalene. 

The  value  of  2Va  for  sodium  light  calculated  from  the  observed 
refractive  indices  is  67°  38'.  This  excellent  agreement,  however,  is 
purely  fortuitous,  for  a  difference  of  O'OOOl  in  any  of  the  refractive 
indices  would  make  a  very  large  difference.  For  instance,  if  the 
value  of  the  index  a  were  taken  as  1'4936  instead  of  1'4935,  the 
calculated  2Va  becomes  66°  6',  a  difference  of  a  degree  and  a  half. 
As  the  possible  error  of  the  refractive  index  determinations  may  even 
attain  0'0002,  it  is  purely  accidental  that  the  agreement  between  the 
observed  and  calculated  optic  axial  angle  is  so  close. 
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The  optic  axial  angle  2Va.  for  sodiiim  light  was  found  by  Topsoe 
and  Christiansen  in  two  determinations  to  be  66°  40'  and  67°  28' 
respectively,  values  very  much  further  apart  than  those  now  pre- 
sented . 

Effect  of  Rise  of  Temperature  on  the  Separation  of  the  Optic  Axes. — ■ 
Observations  at  higher  temperatures  than  the  ordinary  have  pre- 
viously been  carried  out  for  potassium  sulphate  by  Des  Cloizeaux 
(Nouv.  Bech.)  and  Mallard  (Zeitschrift  fiir  Kryst.,  9,  402).  The 
former  found  that  upon  raising  the  temperature  by  140°  the  apparent 
angle  in  air  increased  by  about  10°.  This  observation  has  been 
confirmed  by  the  author,  and  is  in  agreement  with  the  indications  of 
the  changes  in  the  refractive  indices  for  rise  of  temperature.  At 
116°,  the  brushes  were  observed  to  be  distinctly  tinted  with  red 
inside  and  blue  outside,  indicating  that  the  angle  for  red  was  larger 
than  that  for  blue.  Measurements  conducted  at  this  temperature, 
using  the  heating  apparatus  constructed  by  Fuess  for  the  large  axial 
angle  goniometer,  gave  the  following  results  : — 

2E  at  116°  for  Li  light  =  118°  55' 
„  Na  „  =  118  40 
„    F      „     =  118    30 

Hence  for  100°  of  rise  of  temperature,  2E  increases  by  nearly  7°, 
and  a  perceptible  amount  of  dispersion  of  the  axes  is  produced.  The 
author  did  not  pursue  the  heating  further,  in  order  to  avoid  risk  of 
injuring  the  delicate  instrument  employed  ;  moreover,  for  the  purpose 
of  comparing  the  three  sulphates  under  investigation,  it  will  subse- 
quently be  shown  that  this  is  ample.  Mallard,  who  has  followed  the 
phenomena  to  very  high  temperatures  in  the  case  of  potassium 
sulphate,  employing  a  less  valuable  instrument,  has  shown  that  the 
widening  of  the  angle  occurs  until  at  about  380°  the  axes  unite  in  the 
crystallographic  axis  6,  and  then  pass  out  in  the  plane  {001}  at  right 
angles  to  their  former  plane,  and  at  still  higher  temperatures  further 
similar  changes  occur  until  between  600°  and  650°  a  sudden  change 
into  a  truly  hexagonal  dimorphous  form  with  negative  double  re- 
fraction occurs.  These  observations  of  Mallard  are  of  considerable 
interest  for  the  purposes  of  this  communication,  as  it  will  be  sub- 
sequently shown  that  rubidium  sulphate  is  remarkable,  and  for  a 
reason  of  prime  importance,  in  exhibiting  similar,  but  still  more 
complicated,  phenomena  at  temperatures  but  slightly  elevated  above 
the  ordinary. 

Optical  Properties  of  Coisium  Sulphate. 

Caesium  sulphate  resembles  potassium  sulphate  in  its  low  double 
refraction,  similar  thick  plates,  not,  however,  quite  so  thick,  being 
required  to  exhibit  interference  figures  with  small  rings  round  the 
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axes.  It  differs,  however,  in  being  endowed  with  negative  double 
refraction,  and  the  dispersion  of  the  axes  for  light  of  different  wave- 
lengths is  greater.  The  first  median  line  is  the  vei"tical  axis  c,  and 
the  interference  figure  is  well  seen  in  convergent  polarised,  light 
through  the  broadly  developed  basal  plane,  a  crystal  2 — 3  mm.  thick 
exhibiting  it  admii-ably.  The  plane  of  the  optic  axes  is  that  con- 
taining the  axes  a  and  c  parallel  to  the  brachypinacoid  &{010}.  The 
orientation  of  the  axes  of  optical  elasticity  is  therefore  cba,  as  given 

by  von  Lang,  who  made  a  cursory  examination  of  the  salt  (Sitz.  Ber. 
Wien.  Akad.,  55,  ii,  415). 

Refractive  Indices  of  CS2SO4. — Fourteen  prisms  were  prepared  in 
like  manner  to  those  of  K2SO4,  belonging  to  five  different  crystals. 
The  faces  of  all  these  prisms  were  ground  and  polished  symmetrically 
to  known  symmetry  planes  of  the  crystals,  and  their  intersecting 
edges  wei*e  all  parallel  to  axes  of  optical  elasticity.  Hence  each 
prism,  as  in  the  case  of  potassium  sulphate,  furnished  the  values  of 
two  refractive  indices.  In  the  cases  of  crystals  1  and  2,  no  less  than 
four  prisms  were  successfully  ground  and  polished  upon  each,  a  pair 
of  similar  ones  at  the  ends  of  each  of  two  of  the  crystallographic 
axes.  With  a  good  crystal  of  4  or  5  mm.  diameter,  there  is  no  diffi- 
culty in  accomplishing  this  by  means  of  the  new  instrument,  and  two 
of  the  indices  are  thus  obtained  twice  and  the  other  four  times 
repeated  from  the  same  crystal. 

The  mean  values  obtained  from  each  crystal,  together  with  the 
final  mean  values,  ai-e  given  in  the  table  (p.  676).  The  individual 
values  were  all  very  close  to  the  mean  numbers. 

The  refraction  of  caesium  sulphate  for  any  wave-length,  corrected 
to  a  vacuum,  may  be  accurately  expressed  by  the  following  general 
formula,  the  constants  of  which  have  been  calculated  by  combining 
the  equations  of  condition  formed  by  inserting  the  observed  values 
for  C,  Na,  and  Tl  light,  plus  the  vacuum  correction  (0*0004)  in 
Cauchy's  formula. 

'il-imX  ^  409     782  ^  716     952     000    000   , 
/"cs^so,  =  /3  1  5524  S  H- -f- + 

7  1-5542J  ^  ^ 

The  values  calculated  from  the  formula,  after  subtracting  the 
vacuum  correction  (0"0004),  are  in  nearly  all  cases  identical,  or  only 
one  unit  in  the  fourth  place  of  decimals  removed  from  the  mean 
observed  values  above  given. 

It  will  be  observed  that  the  y3  indices  approach  more  closely  to 
the  7  than  to  the  a  values,  proving  the  negative  sign  of  double 
refraction,  which  was  also  independently  confirmed  by  the  use  of  a 
quarter  undulation  mica  plate.     The  value  of  the  constant  A  in  the 
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CD  CD  OJ  — 1  lO  O 
lO  lO  lO  CO  CD  1^ 
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CO  CD  CD  CD  I>  t^ 
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vibrations  parallel  - 
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7 

vibrations  parallel  ■ 

to  axis  a. 
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above  formula  for  a  is  obtained  by  subtracting  0'0046  from  the  con- 
stant for  ft  actually  calculated,  and  that  for  7  by  adding  O'OOIS. 

Refraction  of  Caesium  Sulphate  at  Higher  Temperatures. — A  series  of 
observations  of  refractive  index  vpitli  a  pair  of  prisms  at  regular 
intervals  of  temperature  was  carried  out  as  in  the  case  of  potassium 
sulphate.     The  results  are  as  follows  : — 


Befraction  of  Ccesium  Sulphate 

at  Different  Temperatures. 

Nature  of 
light. 

At  ordinary 

Index. 

temperature 
(18—20"). 

At  60'. 

At  100°. 

At  140^ 

At  180^ 

f 

Li 

1  -.5569 

1  -5559 

1  -5544 

1  -5527 

1-5508 

a 

C 

1  -5573 

1 -5563 

1  -5548 

1-5531 

1  -5512 

Vibs.  par. 

\ 

Na 

1  -5598 

1 -5584 

1  -5568 

1-5554 

1  -5534 

to  axis  c. 

Tl 

1  -5624 

1  -5609 

1  -5590 

1  -5576 

1  -5558 

L 

F 

1  -5660 

1  -5641 

1  -5622 

1 -5608 

1-5590 

r 

Li 

1-5615 

1  -5607 

1-5595 

1-5581 

1-5566 

j8 

1 

C 

1  -5619 

1  -5611 

1  -5599 

1  -5585 

1-5570 

Vibs.  par. 

\ 

Na 

1-5644 

1-5634 

1  -5622 

1  -5609 

1  -5594 

to  axis  b. 

I 

Tl 

1  -5672 

1  -5658 

1  -5645 

1  -5632 

1  -5619 

E 

1  -5706 

1  -5690 

1  -5677 

1  -5664 

1  -5651 

r 

Li 

1  -5633 

1  -5625 

1  -5611 

1  -5599 

1 -5587 

y 

C 

1  -5637 

1  -5629 

1  -5615 

1-5603 

1 -5591 

Vibs.  par. 

\ 

Na 

1  -5662 

1-5651 

1  -5640 

1  -5626 

1-5614 

to  axis  a. 

I 

Tl 

1-5690 

1  -5674 

1  -5664 

1  -5649 

1  -5639 

P 

1  -5725 

1  -5706 

1-5696 

1  -5681 

1-5671 

It  is  interesting  to  observe,  as  in  the  case  of  potassium  sulphate, 
(1),  that  there  is  a  steady  decrease  in  refractive  power  as  the  temper- 
ature rises;  (2),  that  the  greatest  amount  of  change  occurs  in  the 
indices  corresponding  to  the  axis  c,  where  the  difference  for  160° 
amounts  to  about  0-0065;  and  (3),  that  the  changes  of  the  indices 
corresponding  to  the  axes  a  and  6  are  approximately  equal,  amounting 
to  about  0-0049.  It  would  also  appear  in  the  case  of  csesiam  sulphate 
that  there  is  a  perceptible  diminution  in  the  dispersion  as  the  temper- 
ature rises,  the  difference  between  the  indices  for  the  two  extreme 
wave-lengths  being  0-0091-92  at  the  ordinary  temperature,  while  at 
180°  it  is  0*0082-85,  the  diminution  in  refractive  power  for  rise  of 
temperature  being  apparently  greater  at  the  blue  end  of  the  spectrum 
than  at  the  red  end. 

Optical  Elasticity  Axes  of  Ccesium  Sulphate. — The  ratios  of  the 
optical  elasticity  along  the  three  crystallographic  axes  at  the  ordinary 
temperature  are : — 

a-.h  :c  =  0-9989  :  1  :  1-0029. 
These  correspond  to  the  orientation  fba. 
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The  ratios  calculated  from,  the  refractive  indices  at  180°  are : — 
a:  &  :c  =  0'9987  : 1  : 1'0039,  not  far  removed  from,  and  of  the|  same 
order  as,  their  values  at  the  ordinary  temperature. 

Measurements  of  the  Optic  Axial  Angle  of  Gcesium  Sulphate. — These 
measurements  were  carried  out  with  six  excellent  section-plates 
about  2|  mm.  thick,  three  perpendicular  to  the  first  and  three  per- 
pendicular to  the  second  median  line.  Sections  Nos.  1  and  2  were 
formed  by  beautifully  perfect  natural  faces  of  the  basal  plane,  largely 
developed  upon  crystals  half  an  inch  long.  The  remaining  sections 
were  ground  and  polished  by  means  of  the  new  instrument,  and  all 
were  employed  uncovered  by  glass  plates.  The  interference  figures  of 
ceesium  sulphate  are  admirably  defined,  and  with  sections  of  the  thick- 
ness used  the  values  of  2E  may  be  very  accurately  determined.  In 
bromonaphthalene,  the  figures  are  even  better  defined,  and  although 
it  curiously  happens  that  the  dispersion  of  the  axes,  which  amounts 
to  over  3°  for  2E  between  the  red  and  blue,  is  reduced  almost  to  zero 
in  the  highly  refractive  liquid,  still  by  use  of  the  new  monochromatic 
illuminator  the  difference  of  only  five  or  six  minutes  is  clearly  dis- 
cernible, and  is  confirmed  by  the  slight  tints  upon  the  margins  of  the 
brushes.     The  results  are  presented  in  the  accompanying  tables. 

Determination  of  apparent  Optic  Axial  Angle  in  Air  2B  of  CS2SO4. 

Nature  of  light.  Section  1.  Section  2.  Section  3.  Mean  values 

of2E. 

Li 114°  47'  114°  33'  114°  20'  114°  33' 

C 114    53  114    45              114    40  114    46 

Na 115    39  115    43              115    39  115    40 

Tl 116    50  116    47              116    41  116    46 

F 117    55  117    52              117    34  117    47 

Determination  of  true  Optic  Axial  Angle  2Ya  of  CS2SO4. 

No.  of  Observed  No.  of  Observed  Calculated 

section  values  section         values  value  Mean 

Nature         perp.  1st              of  perp.  2nd          of  of  values 

of  light.       median  line.  2Ha.     median  line.      2Ho.  2Va.  of  2Va. 

fl  61»  14'  la  106°     9'  65°     0" 

Li -{2  61    11  2a  105    36  65      9   5-      65°     5' 

[3  61    11  3a  105    47  65      6 

fl  61    13  la  106      4  65      1 

C -^2  61    10  2a  105    25  65    12   J-      65      8 

[3     61  10      3a  105  45     65   6 

fl  61  12  la  105  15  65  17 

Na -12  61  8  2«  104  54  65  22  ^      65  2ft 

[3  61  8  3a  104  59  65  20 

fl  61  II  la  104  10  65  40 

Tl  <2  61  7  2a  104  6  65  38  V      65  39 

[3  61  7  3a  104  3  65  38 

fl     61  10     la     103  12     65  59 

P ^2     61   5     2a     103   3     65  58  5-   66   0 

1,3     61   6     3a    102  56     66   2 
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In  each  case,  as  with  potassium  sulphate,  the  pairs  of  sections 
1  and  la,  2  and  2a,  3  and  3a,  were  measured  in  immediate  succession, 
for  2E,  2Ha,  and  2Ho,  on  the  same  evening,  in  order  to  ensure 
that  no  change  in  the  refractive  index  of  the  bromonaphthalene  should 
occur. 

Von  Lang  (loc.  cit.)  states  that  the  apparent  angle  of  the  optic 
axes  is  114°,  and  for  red  is  smaller  than  for  violet,  p<v. 

Effect  of  Rise  of  Temperature  on  the  Separation  of  the  Optic  Axes  of 
Gcesium  Sulphate. — Measurements  of  2E  were  carried  out  at  tempera- 
tures of  60°  and  100°,  employing  the  same  arrangement  as  in  the 
case  of  potassium  sulphate.  The  I'esults  are  as  follows,  the  values 
at  the  ordinary  temperature  being  also  given  for  the  sake  of  com- 
parison : — 

2E  at  18—20°.  2E  at  60°.  2E  at  100°. 

Li 1]4°  33'  110°  50'  108°  30' 

C 114    46  111    15  108    42 

Na 115    40  112    27  109    10 

Tl 116    46  113    30  110    56 

F 117    47  115    25  112    35 

The  axes  aie  thus  observed  to  approach  each  other  by  about 
6°  for  a  rise  of  temperature  of  80°,  corresponding  to  an  approach 
of  7^°  for  100"  of  rise  of  temperature.  This  is  about  the  same 
amount,  but  in  the  inverse  order,  corresponding  to  the  negative 
sign  of  double  refraction,  as  was  observed  in  the  case  of  the  positive 
crystals  of  potassium  sulphate.  The  amount  and  direction  of  change 
agi^e  with  those  indicated  by  the  determinations  of  refractive  index 
at  the  higher  temperatures.  For  a  reason  previously  discussed,  the 
true  optic  axial  angle  is  only  afforded  by  the  formula 

cosV=V?3i^ 

very  roughly  indeed,  the  possible  error  being  quite  two  degrees. 
Yet  the  order  of  the  change  for  a  considerable  interval  of  temperature 
is  clearly  indicated.  The  approximate  value  of  the  true  optic  axial 
angle  (the  supplement  of  V,  the  crystal  being  negative)  thus  calcu- 
lated from  the  refractive  indices  for  sodium  light  at  the  ordinary 
tempeiuture,  is  63°  52',  and  that  calculated  from  the  indices  obtained 
at  180°  is  59°  28°,  indicating  a  decrease  in  the  true  angle  of  about 
4^°  for  160°  of  rise  of  temperature.  The  actual  amount  thus  indicated 
is  of  little  value,  but  its  order  and  direction  indicate  the  agreement 
of  the  phenomena  observed  with  regard  to  the  changes  of  refractive 
index  and  of  the  apparent  angle  of  the  optic  axes  in  air  brought 
about  by  rise  of  temperature. 
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Optical  properties  of  Rubidium  Sulphate. 

It  will  have  been  gathered  from  the  foregoing  that  potassium 
sulphate  and  caesium  sulphate  ai-e  normally  behaved,  low  doubly  re- 
fracting substances  of  positive  and  negati\^e  characters  respectively. 
The  optical  characters  of  rubidium  sulphate  are  apparently  quite 
different  and  unusual.  Upon  examining  a  crystal  in  convergent 
polarised  white  light  through  a  pair  of  the  well  developed  macro- 
pinacoid  faces  a{100},  the  plate  thus  formed  being  about  the  thick- 
ness (two  to  three  millimetres)  which  was  sufficient  in  the  cases  of 
the  two  other  salts  to  afford  well  defined  interference  figures,  when 
the  axial  directions  coincide  with  the  planes  of  the  nicols  a  broad  dark 
cross  deeply  fringed  with  colour  is  observed  ;  this  breaks  up  on  rotating 
the  plate  through  45°  into  two  brilliant  rainbow-coloured  hyperbolic 
curves,  containing  no  dark  central  core,  or  a  mere  trace  of  such. 
The  broad  blue  fringe  is  inside  and  the  red  outside.  These  curves 
indeed  more  resemble  portions  of  rings  than  hyperbolic  brushes. 
There  may,  if  the  section  is  sufficiently  thick,  be  one  ellipse  or  a 
portion  of  one  surrounding  the  loci  of  the  axes.  The  crystals  are 
evidently  endowed  with  very  feeble  double  refraction  and  exhibit  very 
high  dispersion  of  the  optic  axes.  If  a  similar  plate  about  a  quarter  of 
an  inch  thick  is  procured,  a  most  beautiful  figure  is  observed  in  white 
light,  reminding  one  of  the  figures  given  by  substances  endowed  with 
such  high  dispersion  that  the  axes  for  one  end  of  the  spectrum  lie  in 
a  plane  at  right  angles  to  the  one  containing  them  for  light  of  the 
other  end  of  the  spectrum,  the  only  difference  being  that  the  axes 
appear  to  be  just  contained  in  one  plane,  the  plane  a  b  parallel 
to  the  basal  plane  c{001}.  With  a  beautiful  section  which  the 
author  has  succeeded  in  grinding  parallel  to  the  a{100}  faces  out  of  the 
largest  perfect  crystal  obtained,  and  which  is  8  mm.  thick,  the 
cross  is  seen,  when  the  crystallographic  axes  are  parallel  to  the  nicols, 
surrounded  by  four  complete  curves,  the  outer  simulating  ellipses 
surrounding  both  axes  and  symmetrical  to  the  crystallographic  axial 
directions,  and  the  inner  one  just  coming  in  towards  the  centre  so  as 
to  nearly  form  a  pair  of  lemniscate  loops.  These  curves  are  dis- 
tinguished by  having  a  very  long  diameter  in  the  direction  of  the 
optic  axial  plane  c{001}  and  a  very  short  one  at  right  angles  to  this 
direction.  Near  the  ends  of  the  longest  diameter,  the  curves  become 
dark  but  still  fringed  deeply  with  colour.  The  whole  space  between 
each  end  of  the  largest  diameter  of  the  inner  curve  and  the  central 
dark  cross  bar  is  filled  with  a  single  broad  spectrum  very  similar  to 
that  shown  by  crystals  of  the  type  mentioned,  such  as  brookite  and 
the  triple  tartrate  of  potassium,  sodium,  and  ammonium.  Upon  rotat- 
ing the  section  for  45°,  no  dark  brushes  or  rings  are  observed,  but  an 
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exquisite  pair  of  spectrum  hyperbolae  enveloped  bj  three  spectrum 
ellipse-like  curves  and  an  inner  pair  of  similar  rainbow-tinted  lemnis- 
cate  loops.  When  the  monochromatic  light  apparatus  is  employed  to 
illuminate  the  polariscope,  and  the  prism  circle  of  the  former  is  ro- 
tated so  as  to  review  the  figures  in  all  the  colours  of  the  spectrum  in 
succession,  it  is  observed  that  the  optic  axial  brushes  are  very  well 
defined  and  are  but  slightly  separated  for  the  extreme  red,  whilst  for 
the  violet  their  separation  is  very  wide,  indicating  very  high  dis- 
persion;  moreover,  several  complete  rings  become  in  turn  visible 
round  the  brushes  as  the  violet  is  approached.  If  a  quarter  undula- 
tion mica  plate  is  used  with  the  section  again  arranged  with  the 
axial  directions  parallel  to  the  nicols  and  illuminated  by  blue  light, 
the  double  refraction  is  distinctly  seen  to  be  positive.  The  phe- 
nomena will  be  more  fully  described  when  the  measurements  are 
considered.  With  thinner  sections,  the  brushes  are  very  much 
diffused,  rendering  accurate  measurement  impossible. 

Von  Lang  Qoc.  cit.)  states  concerning  rubidium  sulphate  that  the 
double  refraction  is  very  small,  and  that  the  sign  of  the  double  re- 
fraction can  only  be  determined  with  thick  plates,  and  is  negative 
He  IS  scarcely  likely,  however,  to  have  obtained  a  section  so  thick  as 
the  one  nsed  by  the  author,  for  he  further  states  that  the  optic  axial 
angle  could  only  be  measured  approximately  owing  to  the  small 
double  refraction,  while  the  author  had  no  difficulty  in  obtaining 
accurate  measurements  from  the  8  mm.  section.  It  will  be  con- 
clusively proved  from  the  refractive  index  determinations  and  the 
detailed  study  of  the  orientation  of  the  optic  axes,  that  the  pure 
rubidium  sulphate  employed  exhibits  positive  double  refraction. 

The  orientation  of  the  optic  axes  is  therefore  cah. 

The  reason  for  this  remarkable  sensitiveness  of  the  axial  angle  of 
rubidium  sulphate  to  change  in  the  wave-length  of  the  illuminating 
light  is  of  the  most  interesting  character,  and  will  be  fully  explained 
when  the  refractive  index  determinations  and  the  calculations  of  the 
elasticity  ratios  have  been  discussed. 

Refractive  Indices  of  Buhidium  Sulphate. —Ten  excellent  prisms 
were  ground  and  polished  by  means  of  the  new  instrument  in  the 
same  manner  as  those  of  the  sulphates  of  potassium  and  cesium, 
upon  five  different  crystals  ;  each  prism  was  symmetrical  to  a  plane' 
and  its  refracting  edge  parallel  to  an  axis,  of  optical  elasticity  so  as  tJ 
afford  two  indices  for  each  wave-length.  The  angles  were  all  in  the 
neighbourhood  of  60°,  and  their  faces  so  well  polished  as  to  require 
no  cover-glasses. 

Three  of  these  prisms  were  ground  in  such  directions  in  the  crystal 
that  the  vibrations  of  the  two  polarised  refracted  rays  were  parallel 
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to  the  crystallograpMc  axes  &  and  o,  which  are  identical  with  the 
axes   of  optical  elasticity  ab,  and  should   furnish  the    two   indices 
a  and  3      The  remarkable  observation  was  made  with  each  ot  these 
prisms  that  they  gave  only  one  refracted  image  of  the  Websky  slit  of 
The  spectrometer  with  all  the  colours  of  light  employed.     Th.s  image, 
moreover,  remained  permanent  for  all  positions  of  the  nicol  placed  m 
front  of  the  eyepiece  of  the  telescope,  although  there  was  a  slight 
difference  in  the  illumination  of  the  image  for  the   positions  0    and 
90°,  not  nearly  so  great,  however,  as  would  be  the  case  with  a  single 
refracted  image  obtained  from  an  isotropic  or  glass  prism.     There 
were,  consequently,  two  images  occupying  the  same  position,  one  of 
whick  was  extinguished  by  the  nicol  at  0°  and  the  other  at  90 
With   the   magnifying    power  usually  employed,  and  with   the  slit 
arranged  so  that  its  central  narrow  portion  was  extremely  fine,  no 
distinction  could  be  observed  between  the  positions  of  these  images. 
Indeed  it  would  appear  at  first  sight  as  if  the  light  transmitted  along 
the  axis  a  (the  direction   in  which  the  light  travels  at  minimum 
deviation  in  these  prisms)   suffers  no   double  refraction,   and  as  if 
this  were  the  direction  of  the  single  optic  axis  of  an  uniaxial  crystal. 
This  is  not,  however,  the  case,  for  when  the  higher  power  eyepiece 
provided   with  the    Fuess  instrument  was  employed   two    distinct, 
partially  overlapping  images   could  be  detected  when  the  brilliant 
Lbt   from   the    monochromatic    light    apparatus   corresponding  to 
sodium  light  was  used  to  illuminate  the  slit;  the  image  correspond- 
ing to  the  a.index  (vibrating  parallel  to  the  axis  h)  being  distinctly 
nearer  at  minimum  deviation  to  the  direct  reading  of  the  slit,  than 
the  ^-image  (vibrating  parallel  to  the  axis  c)  by  about  one  minute  ot 
arc      The?e  is  not  sufficient  light  to  employ  this  high    power  eye- 
piece satisfactorily  for  the  end  rays  of  the  spectrum,  but  sufficient 
Evidence  was  obtained   with   the   lower  power   that  no   separation 
amounting   to  2'   (an   amount   easily   detected)    occurred  for  other 
wave-lengths  as  far  as  F  of  the  spectrum,  although  it  may  have  been 
and    probably  was    (as  will   subsequently  be  shown)    less   than    1 
for  the  red  end  of  the  spectrum.  ...  a     ^  a 

The  results  of  the  measurements  of  refractive  index,  conducted 
precisely  as  in  the  case  of  the  potassium  and  caesium  salts,  employing 
the  same  ordinary  eyepiece,  are  given  in  the  table,  P-  683. 

As  the  three  prisms  which  afforded  the  indices  a  and  /3  indicated, 
with  the  ordinary  eyepiece  employed  in  all  the  observations  of  re- 
tractive  index,  no  perceptible  difference  between  the  two  images  the 
mean  of  the  ;hole  of  the  closely  agreeing  values  for  these  indices 
obtained  from  the  ten  prisms  has  been  taken  as  representmg  the  two 
valu  s  as  nearly  as  the  limits  of  accuracy  of  such  determma  ions, 
Xh  are  probably  about  0-0002,  will  admit.     A  difference  of  one 
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minute  in  the  angle  of  minimum  deviation  makes  a  difference  of 
0'00017  in  the  refractive  index.  Such  a  difference  can  just  be  per- 
ceived with  the  eyepiece  in  question  when  a  single  image  is  being 
observed,  but  when  two  such  images  are  present  and  each  has  to  be 
extinguished  by  the  nicol  while  the  other  is  examined,  it  is  diflScult 
to  be  quite  certain  of  such  a  small  difference.  From  the  evidence 
afforded  by  the  high  power  eyepiece,  however,  and  conclusively  from 
the  optic  axial  angle  measurements  presently  to  be  recorded,  it  is 
certain  that  the  a-  and  j3-indices  ought  not  to  be  expressed  by  iden- 
tical numbers,  but  that  the  a-indices  would  be  more  accurately 
represented  by  numbers  O'OOOl  to  0*0002  less  than  those  of  the 
yS-indices.  Such  numbei-s  will  then  accurately  represent  the  refrac- 
tive indices  of  rubidium  sulphate  at  the  ordinary  temperature,  within 
the  limits  of  error  previously  laid  down,  the  order  of  the  three  indices 
will  be  in  full  accordance  with  the  optic  axial  angle  phenomena,  and 
the  actual  values  of  the  a-indices  will  correspond  exactly  with  those 
calculated  from  the  measurements  of  the  optic  axial  angle. 

The  refractive  indices  of  rubidium  sulphate  may  therefore  be  finally 
recorded  as  given  below,  with  the  reservation,  which  will  subse- 
quently be  fully  proved,  that  the  difference  between  the  a-  and  yS-in- 
dices  for  red  light  is  somewhat  less  than  0*0001,  while  that  for  blue 
light  may  just  exceed  0*0002.  Such  differences  might  perhaps  be 
represented  by  figures  in  the  fifth  decimal  place,  but  the  author  does; 
not  feel  justified  in  inti-oducing  a  fifth  decimal  place,  which  in  view* 
of  the  possible  error  can  have  no  real  although  it  might  have  relative 
significance. 

Befractive  Indices  of  Bubidium  Sulphate  from  Evidence  of  High  Poiver 
Eyepiece  and  Optic  Axial  Angle  Phenomena. 

a.  0.  y. 

Li 1-5108  1-5109  1*5120 

C 1-5112  1*5113  1-5124 

ISTa 1-5131  1-5133  1-5144 

Tl 1-5153  1*5155  1-5166 

F 1-5181  1*5183  1-5194 

G 1-5222  1*5224  1*5235 

The  refraction  of  rubidium  sulphate  for  any  wave-length  may  be 
expressed  by  the  following  general  formula,  the  constants  of  which 
were  calculated,  as  in  the  cases  of  the  other  two  salts,  by  introducing 
the  /3  values  for  C,  N"a  and  Tl  light  in  Cauchy's  formula,  and  combin- 
ing the  three  equations  of  condition  thus  obtained. 

2  Jtnol  ^""l  '"^64    217       111     239    000    000  ^ 
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The  constant  A  foi'  the  a-index  is  most  accurately  taken  as  1"5032 
for  wave-lengths  from  the  red  as  far  as  the  sodium  lines,  and  1'5031 
beyond  this.  The  formula  then  reproduces  the  above  indices  with 
great  accuracy,  the  calculated  values  being  identical  as  far  as  thallium 
light,  the  differences  for  F  light  are  only  0*0002,  and  for  G  light 
0-0005. 

The  fact  that  the  /J-indices  are  nearer  to  the  a.  than  to  the  7-in- 
dices,  of  course,  proves  the  positive  nature  of  the  double  refraction. 

Refraction  of  Ruhidium  Sulphate  at  Higher  Temperattires. — Particu- 
lar interest  attached  to  these  observations,  as  it  was  to  be  expected 
that  a  difference  between  the  indices  a  and  /3,  appreciable  by  the 
ordinary  eyepiece,  might  be  developed  on  raising  the  temperature. 
One  of  the  three  prisms  previously  referred  to  as  affording  both  these 
indices,  whose  vibration  directions  were  parallel  to  the  axes  6  and  c,  v/as 
therefore  first  examined  at  the  same  intervals  of  temperature  as  in 
the  cases  of  the  other  two  salts.  At  60",  there  was  no  apparent 
difference,  the  images  being  perfectly  coincident.  As  the  tempera- 
ture approached  100°,  however,  the  images  commenced  to  separate, 
and  at  100°  they  were  distinctly  apart,  the  difference  in  the  reading 
of  the  minimum  deviation  being  2'.  At  140°,  the  difference  had  in- 
creased to  3',  and  at  180°  to  5'.  Moreover,  it  was  observed  from  the 
positions  of  the  nicol  for  the  two  images,  and  knowing  the  orienta-t 
tiou  of  the  prism,  that  the  image  nearest  to  the  direct  reading  of  the 
slit,  and  therefore  affording  the  lowest  refractive  index  a,  was  pro- 
duced by  light  vibrating  parallel  to  the  axis  c,  while  the  direction  of 
vibration  for  the  other  image  corresponding  to  the  index  /3  was 
parallel  to  the  axis  6.  This  is  just  the  reverse  of  the  case  at  the 
ordinary  temperature.  In  addition  to  the  separation,  both  images 
moved  towards  the  direct  reading,  showing  that  there  is  a  gradual 
diminution  in  refraction  as  the  temperature  I'ises.  On  examining  a 
second  prism  whose  vibration  directions  were  parallel  to  the  axes  a 
and  b  respectively,  at  the  same  intervals  of  temperature,  the  two 
images  corresponding  to  these  two  directions  of  vibration  were  ob- 
served to  retain  their  distance  (6 — 7')  from  each  other  while  both 
approached  the  direct  reading,  indicating  as  before  diminution  of 
refraction  with  rise  of  temperature.  It  is  evident,  therefore,  that  the 
greatest  amount  of  change  for  rise  of  temperatui-e  occurs  in  the 
optical  elasticity  of  the  axis  c,  and  that  the  changes  in  the  elasticities 
along  the  other  two  axes  a  and  h  are  approximately  equal.  The 
alteration  in  the  refi'active  indices  corresponding  to  the  axis  c  occurs, 
moreover,  in  a  remarkable  manner.  At  the  ordinary  temperature,  the 
c-axis  is  the  axis  1)  of  medium  optical  elasticity,  and  corresponds  to 
the  medium  refractive  index  /3 ;  the  elasticity,  however,  ia  so  very 
little  less  than  the  greater  elasticity  a  along  the  axis  b,  which  affords 
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the  least  refractive  index  a,  that  the  two  indices  for  any  wave-length 
only  differ  by  an  amount  varying  from  less  than  one  unit  to  two 
units  in  the  fourth  place  of  decimals.  On  warming  the  crystal, 
the  elasticity  along  the  axis  c  increases,  and  inversely  the  refractive 
indices  diminish  relatively  more  than  those  corresponding  to  the 
other  axes,  and  thus  approach  the  values  along  the  axis  h  still  more 
closely  until  for  some  temperature  between  20°  and  100°,  and  this 
temperature  will  be  different  for  each  wave-length  of  light  employed, 
the  values  along  the  two  axes  c  and  b  are  identical,  and  the  crystal  is 
apparently  uniaxial,  the  optic  axis  lying  in  the  crystallographic  axis  a. 
As  the  greater  movement  along  the  axis  c  relatively  to  the  slower 
and  simultaneous  movements  along  the  axes  a  and  h  continues,  the 
elasticity  along  the  c-axis  passes  that  of  the  axis  b,  and  becomes  the 
greatest,  and  its  corresponding  refractive  index  the  least  a,  the  &-axis 
being  then  endowed  with  the  medium  elasticity  ;  the  change  goes  on 
until  at  180°  the  values  of  the  two  series  of  refractive  indices  a  and  /3 
corresponding  to  these  two  axes  are  about  as  far  removed  from  each 
other  as  those  corresponding  to  the  simultaneously  moving  axes  a 
and  6.  For  temperatures  beyond  that  for  which  for  any  particular 
wave-length  the  elasticities  along  the  b  and  c  axes  are  equal,  and  np 

to  about  180°,  the  orientation  of  the  axes  is  therefore  chd,  while  at 

+ 
ordinary  temperatures  it  has  been  shown  to  be  rab,  that  is,  there  is 

+ 
an  interchange  between  the  elasticities  along  the  axes  b  and  c,  the  c 
value  rapidly  overstepping  the  b  value  as  tbe  temperature  of  the  cry- 
stal is  raised.  Beyond  180°,  it  is  probable  that  the  crystal  will 
become  negative,  owing  to  the  medium  elasticity  becoming  nearer  to 
the  minimum  elasticity,  the  axis  c  then  becoming  first  instead  of 
second  median  line. 

The  results  of  the  temperature  measurements  are  recorded  in  the 
accompanying  table  (next  page),  the  figures  given  for  the  refractive 
indices  at  the  ordinary  temperatures  being  the  values  actually  obtained 
from  the  two  prisms  employed  in  the  temperature  determinations. 

The  two  rules  pointed  out  in  the  cases  of  potassium  and  csesium 
sulphates,  that  the  greatest  amount  of  change  in  optical  elasticity  for 
rise  of  temperature  occurs  along  the  c-axis,  and  that  the  change  in 
the  direction  of  the  two  other  axes  is  approximately  equal,  have 
already  been  shown  to  hold  in  the  case  of  rubidium  sulphate  and  to 
lead  to  interesting  conclusions.  The  amount  of  the  difference  for 
160°  between  the  refractive  indices  corresponding  to  the  c-axis  is 
00059 — 61,  while  that  along  the  a  and  b  axes  respectively  is 
0-0050—54  and  0-0049—51. 

Optical  Elasticitij  Axes  of  Rubidium  Sulphate. — On  calculating  the 
ratios  of  the  optical  elasticities  along  the  crystallographic  axes  from 
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Refraction  of  Buhidium  Sulphate  at  Different  Temperatures. 


i  Nature 
Index.                   of 
1     ligl't. 

At  ordinary 

temperature 

(18—20°). 

AtGO°.    At  100°. 

At  140°. 

At  180°. 

a                r        1  ' 
Vibrations    par.            ^ 

axis  b  at  low            ^.^ 

J  s          Na 
temps.,       and            ,y. 

par.  axis  <"  at            ,, 

ligher  temps,  ^j 

1  -5111 
1-5115 
1-5135 
1-5158 
1-5184 

1  -5104 
1  -5108 
1  -5126 
1  -5149 
1  -5176 

1  -5084 
1  -5088 
1-5108 
1  -5130 
1  -5158 

1-5069 
1-5073 
1  -5091 
1  -5114 
1-5144 

1 -5050 
1-5054 
1 -5075 
1-5098 
1  -5125 

P               r        Li 
Vibrations    par.            .^ 

axis  (•  at  low  )  i       ^ 

temps.,       and"!          ^,, 

par.  axis  6  at     !       -p, 

higher  temps.  ^ 

identical  with 
the  a  values 

identical 
■with 
the  a 
values 

1-5088 
1  -5092 
1-5112 
1-5134 
1 -5162 

1  -5077 
1  -5081 
1  -5099 
1  -5122 
1  -5152 

1  -5060 
1 -5064 
1  -5085 
1-5108 
1-5135 

r 

7                1 
Vibrations  par.  ^ 
axis  a. 

Li 
C 

Na 
Tl 

r 

1  -5124 
1  -5128 
1  -5149 
1  -5170 
1  -5195 

1-5115 
1-5119 
1  -5137 
1  -5160 
1-5187 

1  -5098 
1  -5102 
1-5124 
1  -5146 
1  -5174 

1  -5086 
1 -5090 
1  -5110 
1  -5132 
1-5160 

1  -5070 
1  -5074 
1  -5096 
1  -5117 
1  -5145 

the  refractive  indices  given  in  the  table,  in  which  the  evidence  of  the 
high  power  eyepiece  and  the  optic  axial  angle  phenomena  are  taken 
into  account,  the  following  numbers  are  obtained. 

a:  ?>:  c  =  0-9991  :  1  :  0-9999. 

These  correspond  to  the  orientation  ciiij. 

+ 

The  ratios  calculated  from  the  refractive  indices  at  180°  are 

a:h:c  =  0-9993  :  1  :  1-0006. 
These  correspond  to  the  orientation  cba. 

The  remarkable  nearness  to  equality  of  elasticity  along  the  three 
axes  is  admirably  expressed  by  these  ratios,  the  differences  being  only 
nine  in  10,000  and  one  in  10,000  respectively. 

Measurements  of  the  Optic  Axial  Angle  of  B,ubidium  Sulphate. — The 
extraordinary  thickness  of  section  plate  perpendicular  to  the  first 
median  line  necessary  to  exhibit  a  well-defined  interference  figure, 
and  the  unusual  amount  of  dispersion  of  the  optic  axes  indicated  by 
the  beautiful  figure  in  white  light,  and  demonstrated  by  the  great 
sensitiveness  of  the  optic  axial  angle  viewed  in  monochromatic  light 
to  change  of  wave-length,  are  fully  accounted  for  by  the  optical  elasti- 
city relationships  along  the  three  axial  directions  above  revealed.  For 
the  angle  of  separation  of  the  optic  axes  depends  essentially  on  the 
relation  of  the  medium  elasticity  (in  the  rhombic  system,  the  elasticity 
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along  that  one  of  tlie  three  crystal lographic  axes  for  which  it  is 
inlermediate  in  value)  to  the  greatest  and  least  elasticity  values.  If 
it  is  nearer  to  the  greatest,  the  crystal  is  positive,  the  conventional 
term  for  expressing  that  the  first  median  line  bisecting  the  acute 
angle  between  the  optic  axes  is  the  axis  of  least  optical  elasticity  ;  if 
it  approximates  more  closely  to  the  least,  the  crystal  is  negative,  that 
is  to  say,  the  first  median  line  is  the  axis  of  greatest  elasticity.  The 
relative  amounts  of  the  differences  between  the  medium  elasticity  and 
maximum  and  minimum  values  determines  the  separation  of  the 
optic  axes ;  in  the  special  case  when  the  medium  elasticity  is  the 
exact  mean  of  the  two  others,  the  optic  axes  are  inclined  at  90°, 
symmetrically  45°  on  each  side  of  the  axes  of  greatest  and  least 
elasticity,  and  the  nearer  it  approaches  to  either  of  the  extreme 
values  the  less  becomes  the  acute  angle  of  the  optic  axes,  which  is 
bisected  by  the  elasticity  axis  whose  value  is  furthest  removed  from 
the  medium  value.  If  the  approach  continues  until  the  medium 
elasticity  becomes  identical  with  the  extreme  value,  it  has  been  ap- 
proaching, the  optic  axes  coincide  in  the  other  elasticity  axis,  which 
thus  becomes  the  one  optic  axis  of  an  apparently  uniaxial  substance. 

From  these  theoretical  considerations  it  is  clear  that  a  substance 
possessing  such  elasticity  relations  as  do  the  crystals  of  rubidium 
sulphate,  must  exhibit  remarkable  optic  axial  angle  phenomena  at 
the  ordinary  temperature,  and  still  more  interesting  phenomena  when 
the  temperature  is  raised. 

On  calculating  the  optic  axial  angle  for  sodium  light  by  means  of 


VM 


the  formula  cos  V=  A/  ^ — ^  from  the  refractive  indices  of  rubidium 

sulphate,  taking  the  values  of  /3  and  7  from  the  first  table  of  results 
obtained  with  the  ordinary  eye-piece,  and  assuming  a  difference  of 
O'OOOI  between  the  values  for  the  a-  and  /^-indices,  it  is  found  to 
amount  to  34°,  while  of  course  the  angle  is  0"  if  they  are  assumed 
to  be  identical.  It  is  somewhat  astonishing  at  first  sight  to  find  that 
so  small  a  difference  in  the  refractive  index,  barely  perceptible  ex- 
perimentally, should  produce  so  great  a  change  in  the  optic  axial 
angle.  If  the  a.  value  is  taken  as  0*0002  less  than  the  /3- index,  the 
calculated  optic  axial  angle  is  47°.  Rubidium  sulphate  affords  an 
extreme  case  illustrating  the  fact  pointed  out  earlier  in  this  commu- 
nication, that  the  above  formula  can  only  afford  approximate  values 
of  the  optic  axial  angle,  and  that  actual  measurements  of  the  latter 
are  always  to  bo  preferred.  In  the  particular  case  in  question,  the 
angle  for  sodium  light  corresponding  to  the  same  value  of  refractive 
index  expressed  with  four  decimal  places,  may  vary  by  as  much  as 
12°  (from  midway  between  34°  and  47°  to  5°  or  6°  beyond  the  latter 
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value).  It  will  be  evident,  however,  that  an  experimental  determi- 
nation of  the  optic  axial  angle  will  afford  a  means  of  fixing  the 
difference  between  the  refractive  indices  a  and  j3  to  four  places  of 
decimals  with  accuracy. 

It  has  now  been  shown  that  the  difference  between  the  a-  and  /3- 
indices  for  light  as  far  as  the  blue  of  the  spectrum  cannot  appreciably 
exceed  0*0002,  for  if  it  did  two  distinct  images  of  the  slit  of  the 
spectrometer  would  be  observed ;  also  that  a  minute  difference  of  this 
extent  corresponds  to  a  separation  of  the  optic  axes  of  about  50" 
while  the  angle  would  be  about  35°  if  the  difference  were  0"000I,  and 
0°  if  the  indices  were  identical.  Now  tbe  two  indices  are  scarcely 
likely  to  be  precisely  equally  removed  from  each  other  for  all  wave- 
lengths of  light,  small  differences  of  an  order  which  could  only  be 
represented  by  a  fifth  place  of  decimals  probably  occurring,  corre- 
sponding to  minute  differences  in  the  elasticity  of  the  substance  along 
the  two  axes  c  and  h  for  different  wave-lengths  of  light.  Such 
minute  differences  must,  however,  from  the  considerations  contained 
in  the  previous  sentence,  call  forth  relatively  very  large  changes  in 
the  optic  axial  angle.  In  other  words,  rubidium  sulphate  is  likely  to 
exhibit  very  considerable  dispersion  of  the  optic  axes  for  different 
wave-lengths  of  light. 

It  is  also  to  be  expected  that  different  crystals  may  exhibit  some- 
what different  axial  angles.  For  the  differences  in  the  fourth  place 
of  decimals  between  the  various  individual  determinations  of  the  same 
refractive  index  afforded  by  different  crystals,  cannot  be  entirely  due 
to  experimental  error ;  it  is  much  more  probable  that  slight  differ- 
ences in  optical  elasticity,  and  of  different  extent  in  the  directions  of 
the  three  axes,  may  occur  just  as  apparently  perfect  crystals  usually 
exhibit  differences  of  a  few  minutes  (formational  error)  in  the  cry- 
stallographical  angles.  These  small  variations,  which  are  of  no  con- 
sequence in  ordinary  cases  where  the  elasticity  ratios  are  widely 
different,  will  also  produce  relatively  large  differences  of  optic  axial 
angle. 

Measurements  of  the  Angle  in  Air  2E.  —  Five  section-plates  of 
rubidium  sulphate  perpendicular  to  the  first  median  line,  the  axis  <?, 
and.  therefore  parallel  to  the  macropinacoid  a{100},  were  employed 
in  the  measurements.  Three  of  these  were  ground  and  polished  by 
means  of  the  new  instrument,  and  two  were  formed  by  crystals  of 
the  type  represented  in  Fig.  8,  exhibiting  excellent  predominating 
macropinacoid  faces.  They  were  all  of  considerable  thickness,  the 
first  four  from  3 — 4^  mm.,  and  No.  5  was  the  section  plate  8  mm.  in 
thickness  previously  referred  to.  The  possible  error  in  the  determi- 
nation of  2E  for  any  wave-length  is  quite  2°  with  the  first  four  sec- 
tions, owing  to  the  diffusion  of  the  brushes.     The  very  thick  section 


690     TUTTON:  CRYSTALLOGRAPHY  OF  SULPHATES  OF 

afforded  very  much  more  certain  results,  the  brushes  being  sharply 
de6ned.  The  following  values  were  obtained  from  the  five  sections, 
all  of  which  were  used  uncovered. 

Determinations  of  the  apparent  Optic  Axial  Angle  in  Air  2E  of  RbjSOi. 

Nature  of 

light.  Section  1.  Section  2.  Section  3.  Section  4.  Section  5. 

Li 63"  40'  35°  20'  52°  40'  36'  45'  36°  25' 

C 65  35  37  10  55   0  38  45  38  35 

Na 70  50  44  45  59  40  46   0  46  20 

Tl 76  35  50   0  65   0  53  10  52  10 

F 83  35  58  10  70  30  58  40  61  50 

G 91   5  79  10 

The  above  results  fully  agree  with  the  expectations  derived  front 
the  study  of  the  axial  elasticity  relationships.  There  are  very  con- 
siderable differences  between  the  values  of  the  apparent  angle  in  air, 
and  therefore,  also,  of  the  true  angle  within  the  crystal,  exhibited  by 
different  crystals  ;  indeed,  each  crystal  of  rubidium  sulphate  may  be 
said  to  possess  its  own  axial  angle,  dependent  on  the  extremely  minute 
differences  of  structure,  owing  to  correspondingly  slight  disturbances 
during  its  formation,  or  possibly  to  very  minute  traces  of  impurities, 
especially  if  they  consist  of  isomorphous  salts  such  as  either  potas- 
sium or  caesium  sulphate.  Indeed  it  is  quite  conceivable  that  von 
Lang  really  had  a  negative  crystal  of  rubidium  sulphate,  owing  to  its 
containing  a  small  quantity  of  caesium  sulphate.  He  gives  the  value 
of  2E  as  approximately  64°. 

It  is  also  observed  that  there  is  a  very  considerable  amount  of  dis- 
persion of  the  optic  axes,  varying  between  Li  and  F  light  from  18° 
to  25°  in  the  different  crystals  examined. 

The  whole  axial  angle  phenomena  of  rubidium  sulphate  are  so  ex- 
ceptional, and  so  interesting  from  the  cause  which  produces  them, 
that  a  series  of  photographs  of  the  interference  figures  in  mono- 
chromatic light  afforded  by  the  thick  section  No.  5  have  been  obtained. 
The  new  monochromatic  light  apparatus  lends  itself  admirably  to  the 
photography  of  interference  figures,  it  being  only  necessary  to  place 
the  camera  immediately  in  front  of  the  polariscope  of  the  axial  angle 
goniometer  and  to  employ  as  powerful  a  source  of  light  as  possible  in 
order  to  reduce  the  exposure.  The  wide-angle  polariscope  of  the 
Groth  universal  apparatus  was  employed  in  order  to  include  as  wide 
an  angle  as  possible,  the  nearest  lens  of  each  convergent  system  being 
removed  in  order  to  permit  of  the  introduction  of  so  thick  a  section- 
plate  without  constricting  the  field.  The  actual  instrument  employed 
was  one  recently  made  by  Fness  for  the  author,  and  its  lens  systems 
are  better  adapted  for  this  kind  of  work  than  the  older  form.  An 
electric  arc  light  of  3000  to  4000  candle  power  Avas  employed  as  the 
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source  of  light,  in  order  that  the  slit  o£  the  monochromatic  light 
producer  should  be  sufficiently  fine  to  permit  of  a  high  order  of 
monochromatisra  being  attained.  In  the  accompanying  reproduction 
of  these  photographs,  the  first  four  figures  are  those  observed  at  the 
ordinaiy  temperature.  N'o.  1  is  the  figure  obtained  with  the  greenish- 
blue  F  light,  when  the  angle  of  separation  of  the  axes  is  61°  50'. 
No.  2  is  the  figure  for  light  of  tlie  wave-length  of  the  green  thallium 
line,  the  axes  being  separated  at  52°  10'.  No.  3  was  produced  by 
yellow  light  of  the  wave-length  of  the  sodium  D  lines,  the  separation 
having  now  diminished  to  46°  20'  ;  and  No.  4  was  given  by  red  light  of 
the  wave-length  of  the  C  hydrogen  line,  when  the  axes  had  closed  up 
to  38°  35'.  The  photographic  plate  employed  in  this  latter  case  was 
sensitised  for  red  by  means  of  cyanine,  and  a  much  longer  exposure 
given.  These  photographs  will  alford  some  idea  of  the  beautiful 
changes  which  occur  when  the  dispersing  apparatus  of  the  mono- 
chromatic light  producer  is  slowly  rotated  so  as  to  cause  the  field  to 
be  illuminated  by  light  of  every  wave-length  in  turn.  How  the  inner 
single  cui-ve  wrapping  round  the  two  axes  for  red  light,  and  which  is 
just  commencing  to  contract  in  the  centre,  breaks  up  into  lemniscate 
loops  as  the  yellow  is  approached,  which  recede  from  each  other  more 
and  more  until  they  form  distinct,  small  rings  for  green  light,  during 
which  time  the  second  ellipse-like  curve  has  been  contracting,  and 
eventually  for  the  greenish-blue  light  breaks  up  into  a  second  pair 
of  rings  surrounding  the  axes. 

Measurements  of  the  True  Angle  2Va. 

Owing  to  the  great  thickness  of  section  necessary  to  obtain  inter- 
ference figures  of  sufficient  definition  for  measuring  purposes,  and 
also  to  the  usual  somewhat  small  angle  of  separation  of  the  axes,  it 
is  not  generally  possible  to  observe  the  obtuse  angle  of  separation  in 
oil,  or  even  in  bromonaphthalene.  Moreover,  owing  to  the  variation 
in  the  amount  of  separation  of  the  axes,  unless  the  measurements  of 
2Ha  and  2Ho  are  carried  out  with  a  pair  of  sections  ground  from  the 
same    crystal,    the     value    of     2Va    calculated    from    the    formula 

sin  Ha 
tan  Va  =  —■ — tt~  >  cannot  be  regarded  as  more  than  an  average  value, 

and  certainly  does  not  represent  the  true  value  of  the  optic  axial 
angle  for  either  of  the  two  crystals  from  which  the  sections  were 
prepared.  In  the  case  of  the  crystal  from  which  Section  2  in  the 
last  table  was  ground,  a  second  pair  of  faces  were  also  ground  upon 
it  perpendicular  to  the  second  median  line  (the  axis  fc),  the  crystal 
being  thus  ground  down  to  a  rectangular  pilsmatic  block.  It  may 
be  of  interest  here  to  remark  that  crystal  4  in  the  table  of  refractive 
index  determinations  is  identical  with  this  crystal,  the  two  prisms 
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being  ground  at  the  ends  of  the  rectangular  block  with  their  edges 
at  right  angles.  A  single  crystal  thus  treated  is  capable  of  affording 
the  whole  of  the  optical  constants  of  a  substance,  and  there  is  no 
difficulty  in  grinding  this  number  of  faces  upon  a  crystal  4  mm.  in 
diameter  by  means  of  the  new  instrument.  In  the  case  of  this 
crystal,  however,  the  obtu^se  angle  in  bromonaphthalene  was  too  large 
to  permit  of  the  emergence  of  the  axes,  only  portions  of  rings  being 
visible. 

The  true  angle  between  the  optic  axes  of  rubidium  sulphate  has 
been  determined,  however,  upon  four  crystals,  by  measurement  of  the 
separation  exhibited  by  four  of  the  five  sections  perpendicular  to  the 
first  median  line  when  immersed  successively  in  two  liquids  whose  re- 
fractive indices  are  almost,  and  the  mean  exactly,  identical  with  the 
medium  refractive  index  fi  of  rubidium  sulphate.  The  liquids  in 
question  were  benzene  (/tD  =  l*507),and  cedar  oil  {jh-q  =  1'520).  The 
angles  observed  by  use  of  these  two  liquids  were  practically  identical, 
so  that  there  can  be  no  question  that  the  values  of  2Va  recorded  in 
the  accompanying  table  are  accurate  for  each  of  the  crystals 
employed. 

Detei'tninatioHs  of  true  Axial  Angle  of  Rnhidium  Sulphate  2Ya,  hy 
immersion  in  Benzene  and  Cedar  Oil. 

Nature  of  light.  Section  1.  Section  2.  Section  3.  Section  5. 

Li 40°  25'  22°  55'  38°  40'  28°  30' 

C 41    40  23    50  39    25  29      5 

Na 44    10  28    25  41    55  33      0 

Tl 47    35  33      5  43    35  37    40 

F 51    15  38      0  48    45  41    35 

0 55    50  44    35  52    30  47    30 

It  will  be  observed  that  a  considerable  variation  in  the  magnitude 
•of  the  true  optic  axial  angle  occurs,  just  as  in  the  apparent  angle  in 
air,  and  this  must  therefore  be  considered  as  a  fully  demonstrated 
property  of  the  substance,  and  fulfils  the  expectations  based  upon  the 
closeness  of  the  elasticity  ratios.  The  possible  eri'or  in  setting  the 
brushes  to  the  cross  wires  is  much  greater  than  in  the  cases  of  potas- 
sium and  ca!sium  sulphates,  except  in  the  case  of  the  very  thick 
Section  5,  owing  to  the  greater  diffusion  of  the  brushes.  It  probably 
does  not  exceed  1°  however,  and  the  variations  observed  are  therefore 
widely  removed  from  experimental  error. 

The  above  determinations  of  the  real  inclination  of  the  optic  axes 
within  the  crystal  afford  a  delicate  means  of  calculating  the  differ- 
ences for  the  various  wave-lengths  between  the  refractive  indices  a 

1-L 
and  /3  ;  it  is  only  necessary  to  insert  in  the  formula  cos"  V  =  ^ — 5^ 
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the  values  of  V,  ^,  and  7  obtained  by  direct  measurement,  wben  a  is 
at  once  obtained.  On  thus  calculating  the  values  of  a  for  the  Li  and 
F  rays  corresponding  to  the  highest  and  lowest  observed  values  of 
the  optic  axial  angle,  taking  the  corresponding  values  of  yS  and  7  from 
the  first  of  the  two  tables  previously  given,  the  following  values  are 
obtained. 

For  the  maximum  values  of  the  optic  axial  angle  (Section  1), 

a  =  l-61078Li  and  1-51806^. 
For  the  minimum  values  of  the  optic  axial  angle  (Section  2), 

a  =  l-51088u  and  1-51820^. 
The  values  of  ft  given  in  the  table  and  used  in  the  calculations 

are  ft  =  1-5109^1  and  1-5183^. 

These  numbers  indicate  that  the  a-index  for  Li  light  differs  from 
the  yS-index  by  0-00002— 0-00012,  on  the  average  about  6  in  the 
fifth  place  of  decimals,  and  that  it  may  therefore  be  represented,  as 
in  the  second  table  of  refractive  indices,  by  one  unit  in  the  fourth 
place  of  decimals  less  than  the  y3-index  ;  and  that  the  a-index  for  F 
light  differs  from  the  yS-index  by  O'OOOIO — 0-00024,  on  the  average 
0-00017,  and  may  consequently  be  represented  as  differing  by  two  in 
the  fourth  place  of  decimals  when  only  four-place  numbers  are  used. 
The  values  of  the  a-indices  given  in  the  second  table  therefore  accu- 
rately represent  the  relations  of  the  three  refractive  indices,  and  the 
actual  numbers  themselves  are  of  the  same  high  order  of  accuracy 
as  those  determined  for  potassium  and  caesium  sulphates,  the  possible 
error  being  within  0*0002. 

Effect  of  Rise  of  Temperature  on  the  Separation  of  the  Optic  Axes  of 
Rubidium  Sulphate. — In  addition  to  great  sensitiveness  to  change  of 
wave-length  of  the  monochromatic  light  with  which  the  section-plate 
is  illuminated,  and  to  minute  changes  of  structure  of  the  crystal 
brought  about  by  corresponding  minute  disturbances  during  deposi- 
tion or  by  the  introduction  of  traces  of  the  isomorphous  potassium  or 
caesium  salts,  the  axial  angle  of  rubidium  sulphate  exhibits  remark- 
able sensitiveness  to  change  of  temperature.  At  the  conclusion  of 
the  optical  investigation  at  the  ordinary  temperature,  and  after  the 
determinations  of  refractive  index  for  temperatures  superior  to  the 
ordinary  had  been  carried  out,  the  relative  changes  in  elasticity  along 
the  three  crystallographic  axial  directions  were  worked  out  and  the 
interesting  results  obtained  which  have  been  recorded  at  the  conclu- 
sion of  the  section  referring  to  the  temperature  observations.  It  was 
shown  that  as  the  temperature  rises,  the  elasticity  along  the  c  axis 
increases  most,  the  elasticity  along  the  axes  b  and  a  increasing  at 
a  slower  rate  but  almost  equally.  This  relative  movement  of  the 
medium  elasticity  corresponding  to  the  axis  c  was  shown  to  result,  for 
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some  temperature  between  20°  and  100°,  and  varying  with  the  wave- 
length, in  its  overtaking  the  previously  greater  elasticity  along  the 
axis  b  (the  second  median  line),  and  thus  causing  the  crystal  to 
simulate  a  uniaxial  one,  the  single  optic  axis  being  the  axis  a,  at 
right  angles  to  the  plane  of  equal  elasticity  containing  the  axes  c  and 
6.  Further  heating  would  result  in  the  elasticity  along  the  axis  c 
passing  that  corresponding  to  the  axis  b  and  becoming  the  greatest 
elasticity,  that  is  to  say,  biaxial  properties  would  again  be  resumed, 
with  the  axis  c  as  the  second  median  line  instead  of  the  axis  b,  the 
plane  of  the  optic  axes  being  now  that  containing  the  axes  a  and  c 
at  right  angles  to  that  (ab)  which  contains  them  at  the  ordinary 
temperature.  It  was  therefore  to  be  expected  that  on  warming  a  sec- 
tion plate  cut  perpendicular  to  what  at  the  ordinary  temperature  is 
the  first  median  line,  the  axis  a,  arranged  at  45°  to  the  planes  of  the 
crossed  nicols  and  illuminated  with  monochromatic  light,  the  optic 
axial  brushes  would  be  observed  to  approach  the  centre  of  the  field 
along  the  trace  of  the  optic  axial  plane  ab  (the  basal  plane  c{001}, 
until  they  united  in  the  centre  to  form  a  cross  surrounded  by  uniaxial 
circular  rings;  further,  that  on  continued  heating  the  cross  would 
again  break  up  into  hypei'bolic  brushes,  but  their  centres  would  lie  in 
the  plane  ac  at  right  angles  to  that  which  formerly  contained  them, 
and  that  the  separation  of  the  axes  in  this  plane  would  more  and  more 
increase  as  the  temperature  rose,  until  they  passed  out  of  sight 
altogether,  and  the  axis  c  would  become  first  instead  of  second  median 
line.  Moreovei',  the  tempei^ature  at  which,  the  uniaxial  figure  would 
be  produced  would  necessarily  be  different  for  every  different  wave- 
length, being  lowest  for  the  red  and  highest  for  the  blue,  owing  to 
the  large  dispersion  of  the  optic  axes  for  different  wave-lengths. 

On  proceeding  to  experimentally  test  these  predictions,  the 
phenomena  were  observed  to  fulfil  them  precisely.  Employing  the 
8-mm.  thick  section  No.  5,  illuminating  by  red  light  of  the  wave- 
length of  tlie  lithium  line,  and  very  slowly  raising  the  temperature 
of  the  air  bath  in  which  the  section  was  enclosed,  the  brushes,  sepa- 
rated along  the  horizontal  diameter,  were  observed  to  rapidly 
approach  each  other,  until  at  36°  they  united  in  the  centre  of  the 
field  and  a  perfect  uniaxial  figure  was  produced.  They  then  opened 
otlt  and  separated  in  the  vertical  diameter.  On  immediately  changing 
to  yellow  light  of  the  wave-length  of  the  sodium  lines,  the  axes  were 
found  still  just  separated  in  the  horizontal  plane  for  this  colour,  but 
almost  immediately  coalesced  to  form  the  uniaxial  figure,  the  tem- 
perature being  38°,  and  then  passed  out  in  the  vertical  plane. 
Following  up  the  changes  for  other  wave-lengths,  the  uniaxial  figure 
was  produced  for  green  light  of  the  wave-length  of  the  thallium  line 
at  44",  for  F  light  at  61°,  and  for  G  light  at  about  60°. 
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The  section  was  then  rotated  90°,  and  a  series  of  measurements  of 
the  separation  of  the  axes  in  the  plane  ac  carried  out  while  the 
temperature   was   maintained    in    the   neighbourhood    of    60°.     The 

results  are  as  follows. 

Measurements  of  2E  for 

Eb2S04  at  60°, 

plane  of  axes  ijOlo}- 

For  light  of  Li  wave-length 2B  =  59°     0' 

J.         C  ,,  

Tl  

F  

„         G  „  Just  separated. 

Another  series  of  observations  of  2E,  recorded  below,  were  carried 
out  with  Section  3,  which  exhibits  a  larger  axial  an^^le  than  Sec- 
tion 5. 

Plane  of  axes  c{001}.  Plane  of  axes  5|010|. 
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For  Li  light,  the  figure  was  uniaxial  at  42°,  for  C  light  at  44°,  for 
Na  light  at  48°,  for  Tl  light  at  52°,  for  F  light  at  58°,  and  for  G  light 
at  about  67°.  In  the  neighbourhood  of  the  crossing,  as  will  be 
gathered  from  the  above  table,  the  change  of  angle  appears  to  be 
relatively  greater  for  the  same  change  of  wave-length  than  when  the 
axes  are  well  separated.  Hence  the  amount  of  dispersion  of  the 
axes  as  seen  in  air  between  Li  and  G  appears  correspondingly  larger 
for  temperatures  near  that  of  the  average  crossing  point,  which  is  in 
the  neighbourhood  of  50°. 

In  order  to  give  some  idea  of  the  whole  of  the  beautiful  phenomena 
presented  by  this  exceptional  case  of  sensitiveness,  both  to  change  of 
wave-length  and  to  temperature,  two  additional  series  of  photographs 
of  the  interference  figures  in  monochromatic  light  were  taken  at 
higher  temperatures,  immediately  after  the  four  photographs  for  the 
ordinary  temperature  previously  described.  The  section  was  en- 
<'losed  in  the  air  bath  provided  with  the  "  Groth  "  axial  angle  appa- 
ratus, bat  in  order  to  be  able  to  approach  the  lens  systems  (whose 
nearest  lenses  were  removed),  sufficiently  near  to  the  faces  of  the 
.section  to  avoid  constricting  the  field,  the  adjustable  windows  of  the 
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air  bath  were  entirely  removed  and  replaced  by  discs  of  much 
thinner  glass  (thinnest  lantern  slide  glass)  mounted  in  suitable 
carriers.  The  air  bath  thus  arranged  was  in  position  while  the  first 
series  of  photographs  Nos.  1,  2,  3,  and  4  were  taken  at  the  tempera- 
ture of  the  room,  18".  The  bath  was  then  carefully  warmed  by 
means  of  the  very  small  flames  of  two  miniature  Bunsen  burners,  the 
temperature  being  allowed  to  rise  very  slowly.  By  judiciously  regu- 
lating the  size  of  the  flames,  the  temperature  was  eventually  brought 
to  constancy  at  44°,  for  which  temperature  the  uniaxial  figure  is  pro- 
duced for  thallium  light,  and  maintained  at  such  while  the  exposures 
were  made  for  a  second  series  of  four  photographs.  No.  5  was 
illuminated  by  greenish-blue  F  light,  and  shows  the  axes  still 
separated  by  a  small  angle  in  their  original  plane.  Xo.  6  is  the 
uniaxial  figure  for  bright  green  light  of  the  wave-length  of  the 
thallium  line,  circular  rings,  and  a  rectangular  cross.  Half  a  degree 
of  change  in  the  temperature  is  sufficient  to  spoil  this  figure,  the 
cross  breaking  up  into  separate  hyperbola),  and  two  were  attempted 
and  lost  in  this  manner  before  the  temperature  could  be  kept  suffi- 
ciently constant.  No.  7  was  taken  with  yellow  light  of  sodium  wave- 
length, and  exhibits  the  axes  passed  well  out  in  the  vertical  plane. 
'No.  8  is  the  figure  for  red  C  light,  for  which  the  axes  are  still  further 
separated  in  the  vertical  plane. 

The  third  series  were  taken  at  a  temperature  of  60°,  for  which  the 
uniaxial  figure  is  obtained  with  bluish-violet  G  light.  No.  9  repre- 
sents it,  the  circular  rings  being  closer  together  and  more  numerous 
than  in  the  uniaxial  figure  for  thallium  light,  No.  6.  No.  10  is  the 
figure  for  greenish-blue  F  light,  the  axes  well  separated  in  the 
vertical  plane.  No.  11  shows  them  further  separated  for  green 
thallium  light ;  and  No.  12  further  still  for  yellow  sodium  light. 

It  will,  of  course,  be  understood  that  the  section  remained  fixed  in 
the  same  position  while  the  whole  of  the  twelve  plates  were  exposed,, 
so  that  the  horizontal  diameter  of  each  is  parallel  to  the  axis  b  and 
the  vertical  diameter  to  the  axis  c,  while  the  axis  a  is  perpendicular 
to  the  plane  of  the  paper. 

On  rotating  the  nicols  45°  so  as  to  bring  their  directions  of 
vibration  parallel  to  the  crystallographic  axes  and  thus  produce  the 
black  cross  instead  of  hyperbolic  brushes,  while  the  temperature  was 
still  60°  and  the  light  any  colour  between  blue  and  red,  and  inserting 
the  quarter  undulation  mica  plate  diagonally  in  the  usual  manner,  the 
sign  of  double  refraction  was  observed  to  be  still  positive. 

The  changes  of  optic  axial  angle  have  only  been  followed  as  high  as 
100°  of  temperature,  in  order  not  to  risk  injuring  the  valuable 
observing  instrument.  There  can  be  no  doubt,  however,  from  the 
precise  manner  in  which  the  deductions  from  the  refraction  observa- 
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tions  have  been  verified  as  high  as  100°,  that  beyond  this  temperature 
the  optic  axial  angle  would  continue  to  increase  until,  as  180°  was 
approached  and  passed,  the  axis  c  would  become,  for  the  various  wave- 
lengths in  succession,  the  first  median  line,  and  the  sign  of  double 
refraction  would  chauge  to  negative. 


Comparison  of  tJie  Optical  Properties  of  the  three  Sulphates. 

Having  now  described  in  detail  the  optical  properties  of  the  three 
salts,  we  are  in  a  position  to  compare  them  in  order  to  ascertain 
whether  any  progression  in  the  order  of  the  atomic  weight  of  the 
contained  metals  exists. 

The  following  table  exhibits  the  refractive  indices  of  the  three 
salts  arranged  so  that  those  corresponding  to  analogous  crystallo- 
graphic  axes  are  placed  alongside. 


Comparative  Table  of  Befractive  Indices  of  K2SO4,  RbzSOj 

and  CS2SO4. 

Axial  direction  for 
■whicli  determined. 

Nature  of 
light. 

KsSOj. 

EboS04. 

CS2SO4. 

^ 

T 

7 

r 

Li 

1 -4924 

1  •r>120 

1 -5R33 

1 

C 

1 -4928 

1 -5124 

1-5637 

J 

Na 

1 -4947 

1  -5144 

1  -5662 

c*                          ■ 

Tl 

1  -4967 

1-5166 

1  -5690 

F 

1  -4995 

1  -5194 

1  -5725 

>. 

G- 

1  -5024 

1  -5235 

1 -5775 

a 

a 

J8 

' 

Li 

1 -4912 

1  -olOS 

1-5615 

C 

1  -4916 

1-5]  12 

1  -5619 

i 

Na 

1  -4935 

1-5131 

1 -5644 

Tl 

1  -4955 

1  -5153 

1-5672 

1 

F 

1  -4982 

1-5181 

1  -5706 

I 

a 

1  -5012 

1-5222 

1  -5756 

7 

/3 

a 

Li 

1 -4950 

1-5109 

1  -5569 

c 

1  -4954 

1-5113 

1  -5573 

Na 

1  -4973 

1  -5133 

1 -5598 

c                       * 

Ti 

1 -4994 

1  -5155 

1 -5624 

F 

1 -5023 

1-5183 

1  -5660 

a 

1  -5052 

1  -5224 

1  -5705 

It  will  be  observed  that  the  refractive  indices  of  rubidium  sulphate 
fall  between  those  of  potassium  and  caesium  sulphates.  The  actual 
numbers,  however,  are  considerably  nearer  to  those  of  the  potassium 
salt  than  to  those  of  ca?sium  sulphate.  A  concise  idea  of  the  relation 
may  be  obtained  from  a  comparison  of  the  A  constants  for  the  inter- 
mediate /3  indices  in  the  -general  formulae,  these  values,  the  so-called 
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indices  for  a  ray  of  infinite  wave-length,  being  independent  ot  the 
nature  of  the  light. 

For  K2SO4 A,3  =  1-4843 

Difference  0-0190 
„    RboSOi.....     A^  =  1-5033 

Difference  0-0491 
■     „    CS2SO4 A)3  =  1-5524 

The  differences  are  approximately  in  the  ratio  2  :  5.  The  first  im- 
portant conclusion  concerning  the  optical  properties,  therefore,  may 
be  stated  in  the  following  terms. 

The  refractive  indices  of  rubidium  sulphate  are  intermediate  in  value 
between  those  of  the  sulphates  of  potassium  and  coesium,  and  lie  nearest  to 
those  of  the  potassium  salt ;  the  average  differences  between  the  indices  of 
the  potassium  and  rubidiiim  salts  on  the  one  hand  and  those  of  the  rubid- 
ium and  coesium  salts  on  the  other,  are  in  the  ratio  0/  2  :  5.  An  increase 
of  refractive  power  accompanies  an  increase  in  the  atomic  weight  of  the 
contahhed  metal,  and  the  increase  becomes  relatively  greater  as  the  atomic 
weight  becomes  higher. 

As  the  refractive  index  represents  the  ratio  of  the  velocity  of  light 
in  air  (or  in  a  vacuum  if  the  correction  for  the  refraction  of  air  is 
applied)  to  that  in  the  crystal,  its  value  varies  inversely  as  the 
velocity  with  which  light  is  transmitted  through  the  crystal ;  the 
ratio  of  the  reciprocals  of  corresponding  indices  of  the  three  salts 
will  consequently  afford  relative  measures  of  the  velocity  of  light 
along  those  directions  in  the  crystals  for  which  the  indices  were 
determined.  Such  velocity  ra,tios  or  axial  ratios  of  optical  elasticity 
as  they  are  termed  by  Topsoe  and  Christiansen,  will  exhibit  in  the 
clearest  light  the  nature  of  the  changes  in  optical  characters  brought 
about  by  replacing  the  potassium  in  potassium  sulphate  by  rubidium 
and  the  rubidium  in  turn  by  ca3sium. 

The  change  in  optical  elasticity  must  be  regarded  from  two  points 
of  view,  first,  with  respect  to  the  average  alteration  of  elasticity  on 
passing  from  the  potassium  to  the  rubidium  salt  and  from  the 
rubidium  to  the  caesium  salt;  and,  secondly,  with  regard  to  the  effect 
of  the  different  amounts  of  alteration  along  the  three  axial  directions 
in  bringing  about  different  relations  between  the  three  elasticities  of 
•any  one  salt.  For  it  must  be  remembered  that  these  latter  relations 
entirely  determine  the  amount  and  sign  of  the  double  refraction,  the 
distance  apart  of  the  three  refi^active  indices,  and  the  positions  of  the 
optic  axes.  The  elasticity  ratios  given  in  the  description  of  the  optical 
properties  of  each  salt  were  calculated  for  sodium  light  in  the  same 
manner  as  those  of  Topsoe  and  Christiansen,  taking  the  elasticity  for 
that  particular  salt  along  the  h  axis  as  unity.     Thus  the  ratio  a :  b  was 
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obtained  by  taking  tlie  ratio  of  the  reciprocals  of  the  refractive 
indices  for  the  a  and  h  axes,  and  c  :  6  in  like  manner  from  the  indices 
along  the  c  and  h  axes.  These  ratios  are  placed  under  each  other  for 
comparison  below. 

For  K2SO4 a:h:c=^  0-9992  :  1  :  09975 

„     Rb^SOi a:h  :<'  =  0-9991  :  1  :  0-9999 

„     CS2SO4 a:h:c=  0-9989  :   1  :  1-0029 

Before  directing  attention  to  the  interesting  relationships  which 
^"these  ratios  exhibit,  it  will  be  convenient  to  consider  a  mode  of 
expression  in  which  not  only  the  relative  elasticities  along  the  axial 
directions  of  any  one  salt  are  shown,  but  also  the  actual  changes  of 
elasticity  along  all  three  axes  on  passing  from  one  salt  to  another. 
This  may  be  most  advantageously  accomplished  by  taking  the 
medium  elasticity  of  potassium  sulphate  as  unit,  and  expressing  all 
the  other  elasticities  proportionally ;  the  ratios  for  potassium  sulph- 
ate are  then  those  above  given.  The  other  ratios  are  similarly 
obtained  in  each  case  by  dividing  the  refractive  index  for  sodium  light 
corresponding  to  the  axis  in  question  in  that  particular  salt  into  the 
^Na  index  of  potassium  sulphate.  The  ratios  thus  obtained  are  given 
below,  and  completely  represent  the  changes  in  optical  elasticity. 
They  were  calculated  for  sodium  light,  and  it  was  also  found  that 
practically  identical  values  are  afforded  if  the  calculations  are  made 
for  C  or  for  Tl  light. 

For  K.SO*. . .      a:h:c  =  0-9992  : 1  :  0-9975 

130  129  106 

„    RbuSOi. .      a:h:c  =  0-9862  :  0-9871 :  0-9869  or  0-9991 : 1 :  09999 

326  324  294 

„    CS2SO4..      a:  &:c  =  0-9536:0-9547:0-9575   „   0-9989:1:1-0029 

The  following  important  deductions  may  be  drawn  from  these 
relationships. 

The  optical  elasticity  of  the  crystals  of  rubidium  sulphate  is  intermediate 
between  the  greater  value  exhibited  by  the  crystals  of  potassium  sulphate 
and  the  lesser  value  of  those  of  ccesium  sulphate,  whatever  directions  in 
the  crystals  are  chosen  for  comparison,  whether  analogous  or  not,  the  differ- 
ences betwee7i  the  maximum  and  minim^um  values  of  the  elasticity  of  any 
one  salt  being  very  small  compared  with  the  differences  between  different 
salts.  If  the  same  direction  is  chosen  for  compariso7i,  the  value  for  the 
rubidium,  salt  is  nearer  to  that  of  the  potassium,  salt  tha?i  to  that  of  the 
cesium,  salt  in  the  pn-oportion  approximately  0/  2  :  5. 

This  may  be  expressed  in  a  more  striking  and  comprehensive 
manner  as  follows. 

The  ellipsoidal  wave-surface,  of  rays  emanating  from  a  common  ceyUral 
I   point,  for  rubidium  sulphate  lies  between  the  wave-stcrfaces  of  potassium 
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and  ccesium  sulphates  respectively,  and  nearer  to  the  outer  enveloping  wave- 
surface  of  the  potassium  salt  than  to  the  inner  one  of  caisium  sulphate 
approximately  in  the  proportion  of  2  :  5. 

It  will  be  farther  observed  that — 

The  amount  of  diminution  of  optical  elasticity  on  passing  from  one 
salt  to  another  is  almost  identical  in  the  directions  of  the  axes  a  and  b,  so 
that  the  ratio  of  the  elasticities  in  these  two  directions  to  each  other 
remains  practically  constant  for  the  three  salts.  The  change  of  elasticity 
along  the  axis  c,  however,  proceeds  at  a  slower  rate,  and  thus  causes  a  con- 
siderable alteration  in  the  relations  between  the  elasticity  along  this  axis 
and  that  corresponding  to  the  other  two  axial  directions. 

This  alteration  in  the  relations  between  the  three  elasticities  for 
any  one  salt,  brought  about  by  the  difference  between  the  amounts  of 
alteration  along  the  equally  changing  a  and  h  axes  on  the  one  hand 
and  the  c  axis  on  the  other,  is  clearly  exhibited  by  the  elasticity 
ratios  in  which  h  is  taken  as  unity  in  each  salt.  The  values  of  the 
a  :  h  ratios  for  the  potassium,  rubidium,  and  caesium  salts  respec- 
tively, 0-9992,  0-9991,  and  09989,  are  practically  identical,  while  the 
c  :  6  ratios  change  considerably  from  0-9975  to  1-0029.  It  will  be 
observed  with  interest,  however,  that  rubidium  preserves  its  inter- 
mediate position.  These  relations  may  be  graphically  expressed  by 
three  curves  representing  the  elasticities  along  the  axial  directions, 
drawn  as  in  Fig.  12  by  taking  the  atomic  weights  of  the  contained 
metals  .as  ordinatesand  optical  elasticity  as  abscissae.  Two  seriesof  such 
curves  are  given ;  the  dotted  ones  lying  close  together  represent  the 

Fig.  12. 
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actual  elasticities,  as  given  in  the  above  table  of  ratios,  in  wbich  the 
elasticity  of  potassium  sulphate  along  the  b  axis  is  taken  as  unity,  and 
the  continuous  curves  the  ratios  in  which  the  elasticities  of  each 
individual  salt  along  the  a  and  c  axes  are  compared  with  that  along 
the  h  axis  considered  as  unity.  The  same  facts  are  indicated  by  both 
series  of  curves,  but  the  dotted  series  affords  an  excellent  indication 
of  the  closeness  of  all  three  values  of  the  elasticity  in  each  salt, 
while  the  continuous  series  exhibits  the  relations  of  the  three  values 
for  each  salt  more  clearly. 

The  nature  of  these  altered  relations  of  the  three  elasticities  in  each 
salt  must  next  be  considered,  together  with  the  important  alterations 
in  the  optical  characters  to  which  they  give  rise. 

The  practically  equal  diminution  in  optical  elasticity  along  the  a 
and  6  axes  is  represented  by  nearly  parallel  curves ;  in  the  continuous 
series,  the  unit  optical  elasticity  along  the  axis  b  is,  of  coujree,  i-epre- 
sented  by  a  vertical  line,  and  the  curve  of  elasticity  for  the  axis  a  is 
almost  a  straight  line,  very  slightly  divex^ging  at  an  accelerated  rate 
from  the  b  line  as  the  atomic  weight  increases,  the  distance  of  the  two 
curves  apart  being  least  for  the  potassium  salt,  greatest  for  the 
caesium  salt,  and  intermediate  in  amount  for  the  rubidium  salt.  On 
the  other  hand,  the  relatively  very  much  smaller  diminishing  effect  on 
the  optical  elasticity  along  the  c  axis  (represented  by  greater  steep- 
ness in  the  dotted  curve  for  c),  which  is  produced  by  the  replacement 
of  the  lighter  potassium  atom  by  the  heavier  rubidium,  or  still 
heavier  caesium,  atom,  results  in  completely  reversing  the  character 
of  the  double  refraction.  In  Fig.  12  this  is  graphically  expressed 
by  the  c  curve  in  each  series  crossing  the  others.  In  the  potassium 
salt,  the  optical  elasticity  is  at  its  minimum  along  the  c  axis,  while  in 
the  caesium  salt  it  is  at  its  maximum  along  this  axis.  Not  only  so, 
but  the  value  of  the  minimum  elasticity  along  the  c  axis  in  the  potas- 
sium salt  is  further  removed  from  the  intermediate  value  along  the 
a  axis  than  is  the  maximum  value  along  the  b  axis,  and  hence  this 
axis  c  is  the  first  median  line  bisecting  the  acute  angle  of  separation  of 
the  optic  axes,  and  as  the  value  of  the  elasticity  is  here  at  its  minimum, 
the  double  refraction,  according  to  the  usual  convention,  is  positive ; 
again,  in  the  csesium  salt  the  value  of  the  elasticity  along  the  c  axis 
is  furthest  removed  of  the  two  extreme  values  from  the  intermediate 
value  along  the  b  axis,  so  that  this  axis  is  again  the  first  median  line, 
but  as  the  elasticity  along  the  c  axis  is  now  the  maximum  value,  the 
sign  of  the  double  refraction  is  reversed,  namely,  negative.  Hence  it 
is  that  potassium  and  caesium  sulphates  are  observed  to  form  normally 
behaving  positive  and  negative  doubly  refracting  crystals  respectively. 
On  account,  however,  of  the  closeness  of  all  three  values  of  the  elasti- 
city in  each  salt,  compared  with  the  elasticity  differences  exhibited 
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by  the  majority  of  substances  forming  biaxial  crystals,  a  trait  which 
is  well  brought  out  by  the  dotted  curves  representing  the  actual 
elasticities,  the  double  refraction  is  unusually  small,  and  sections 
2  or  3  mm.  thick  are  consequently  required  to  exhibit  well-defined 
interference  figures  in  convergent  light. 

Now,  if  the  crystallographical  properties  of  these  three  salts  are 
functions  of  the  atomic  weight  of  the  metals  which  they  contain,  the 
optical  elasticity  along  the  c  axis  of  rubidium  sulphate,  the  atomic 
weight  of  whose  metal  is  practically  the  mean  of  the  atomic  weights 
of  the  metals  in  the  other  two  salts,  must  be  intermediate  in  value  to> 
the  values  observed  for  it  in  potassium  and  csesium  sulphate  respec- 
tively, precisely  as  occurs  with  respect  to  the  elasticities  along  the 
two  other  axes.  It  has  been  shown  that  this  is  the  case.  The  effect, 
however,  on  the  optical  properties,  brought  about  by  the  optical 
elasticity  along  the  c  axis  taking  its  proper  intermediate  value  in  the 
rubidium  salt,  is  extraordinary,  for  it  causes  the  value  of  the  elasti- 
city along  this  axis,  relatively  so  widely  removed  from  the  others  in 
the  potassium  and  caesium  salts,  to  become  in  the  rubidium  salt 
almost  identical  with  the  value  along  the  b  axis,  and  to  lie  between 
the  already  closely  approximating  values  of  the  optical  elasticity 
along  the  a  and  b  axes.  Hence,  rubidium  sulphate  is  a  substance  of 
very  remarkably  low  double  refraction,  the  differences  between  the 
maximum  and  minimum  values  of  the  optical  elasticity  along  the  b 
and  a  axes  respectively  being  so  unusually  small  that  sections  per- 
pendicular to  the  first  median  line,  which  is  now  the  axis  a,  almost  a 
centimetre  thick,  are  required  to  furnish  sharp  interference  figures. 
Moreover,  the  extreme  closeness,  all  but  identity,  of  the  medium 
elasticity  along  the  c  axis  and  the  maximnm  along  the  b  axis,  renders 
the  optic  axial  angle  of  rubidium  sulphate  extraordinarily  sensitive  to 
change  of  wave-length,  to  temperature,  and  to  the  presence  of  traces 
of  the  other  two  salts. 

Hence  the  interesting  conclusion  is  arrived  at  that  the  abnormal 
optical  properties  of  rubidium  sulphate  are  entirely  such  as  would  be 
brought  about  by  the  operation  of  a  rule  to  the  effect  that  the  crys- 
tallographical characters  of  strictly  isomorphous  salts  are  functions 
of  the  atomic  weight  of  the  metals  which  they  contain. 

These  facts  may  be  summarised  in  the  following  terms. 

The  lesser  diminution  of  optical  elasticity  along  the  axis  c,  covipared 
imth  that  along  the  a  and  b  axes,  which  accompanies  the  replacement  of 
potassium  by  rubidium  and  rubidium  by  ccesium,  causes  a  complete 
reversal  of  the  nature  of  the  double  refraction.  The  elasticity  along  the 
c  axis  is  the  minimum  of  the  three  values  along  the  axial  directions  in  the 
potassium  salt,  and  the  maximum,  in  the  ccBsium  salt,  and  in  both  cases 
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these  values  for  the  c  axis  are  furthest  removed  froim  the  values  of  the  ' 
medium  elasticity  in  the  same  salt.  Hence  potassium  sulphate  is  endowed 
tvith  positive,  and  caesium,  sulphate  with  negative,  double  refraction,  in  both 
causes  of  weaTc  order,  owing  to  the  comparative  closeness  of  the  maxim,um 
.and  minimum  values.  The  intermediate  value  which  the  elasticity  alotig 
the  axis  c  assumes  in  the  rubidium,  salt  falls  betiveen  the  values  of  the 
elasticity  along  the  a  and  b  axes,  and  is  alm^ost  identical  with  that  along 
the  axis  b.  As  the  values  of  the  optical  elasticity  along  the  a  and  h  axes, 
now  the  minimum  and  maximum  values,  are  very  close  together,,  the 
crystals  of  rubidium  sulphate  exhibit  extraordinarily  low  double  refrac- 
tion, a  section-plate  almost  a  centimetre  thick  being  required  for  the 
production  of  well-defined  interference  figures  in  convergent  polarised  light. 
Mcyreover,  the  extreme  closeness,  almost  identity,  of  the  elasticity  values  for 
the  b  and  c  axes  renders  the  optic  axial  angle  exceptionally  sensitive  to 
change  of  wave-length  in  the  illuminating  light,  to  change  of  temperature, 
and  to  the  presence  of  traces  of  isomorphous  impurities.  The  dispersion 
of  the  optic  axes  of  rubiditim  sulphate  at  the  ordinary  temperature  between 
the  wave-lengths  of  the  red  lithium  line  and  the  bluish-violet  hydrogen 
line  G  amounts  for  2E  to  about  35",  and  for  2Va  to  about  20°;  and  the 
closeness  of  the  two  elasticity  values  along  the  b  and  c  axes,  which  causes 
this  sensitiveness  to  change  of  loave-length,  is  strikingly  shown  by  the  fact 
that  a  prism  ground  in  the  theoretical  direction  to  afford  the  tivo  indices 
of  refraction  corresponding  to  these  axes  of  optical  elasticity  exhibits  in  an 
ordinary  spectrometer  the  two  refracted  images  of  the  slit  exactly  coinci- 
dent, appearing  as  a  single  image,  a  very  high  power  eye-piece  being 
requisite  to  separate  them.  The  whole  of  these  exceptional  optical  pi'oper- 
ties  of  rubidium  sulphate  are  thus  found  to  be  entirely  due  to  the  fact  that 
the  three  values  of  the  optical  elasticity  for  this  salt  are  intermediate 
betweeyi  those  of  the  oppositely  doubly -refractive  potassium,  and  ccesitim 
£alts.  Hence  the  optical  pn-operties  of  the  crystals  of  the  three  salts,  in 
common  vdth  their  geometrical  form,  are  functions  of  the  atomic  weights 
of  the  metals  which  they  contain. 

Comparison  of  the  Optical  Properties  at  Higher  Temperatures. — It 
will  be  interesting  to  ascertain  next  whether  the  relationships  estab- 
lished between  the  optical  properties  of  the  three  salts  continue  to 
obtain  at  temperatures  other  than  the  ordinary. 

The  following  rules  have  been  observed  with  regard  to  the  refrac- 
tion of  all  three  salts  at  temperatures  up  to  180'^. 

A  regular  decrease  in  the  refractive  power  of  the  crystals  of  each  of  the 
three  sulphates,  corresponding  to  an  increase  in  the  optical  elasticity,  is 
■observed  as  the  temperature  rises.  The  diminution  in  refractive  index  is 
greatest  for  rays  vibrating  parallel  to  the  vertical  axis  c,  the  elasticity 
ulong  this  direction  accelerating  at  a  more  rapid  rate  than  along  the  other 
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two  axes  a  and  b,  in  which  latter  directions  the  changes  are  approximately 
equal.  It  is  significant  that  a  greater  rate  of  thermal  expansion  ivas  also 
observed  in  the  direction  of  the  vertical  axis  c. 

The  efEect  of  this  difference  in  the  alteration  of  tlie  elasticity  along- 
the  c  axis,  compared  with  that  along  the  other  two  axes,  will  be  naost 
readily  explained  by  means  of  elasticity  ratios,  calculated  from  the 
refractive  indices  for  180°,  in  the  same  manner  as  those  previously 
given  for  the  ordinary  temperature.  The  elasticity  ratios  for  ISC 
are: 

For  K2SO4 ...       a:h:c  =  0-9992  :  1  :  0-9981 

136  137  112 

„    Rb,S04 . .      a:h:c  =  0-9856  :  0-9863  :  0-9869  or  0-9993 : 1 : 1-0007 

327  322  291 

„    CS2SO4..     a:&:c  =  0-9529:0-9541:0-9578   „   0-9987:1:1-0039 

On  comparing  these  ratios  with  those  for  the  ordinary  temperature, 
it  will  at  once  be  seen  that  the  relation  of  the  optical  elasticities  along 
any  one  axis  in  the  three  salts  remains  precisely  the  same  within  the 
limits  of  error,  which  are,  of  course,  somewhat  wider  in  the  case  of 
observations  at  a  temperature  so  elevated,  and  may  amount  to  0-0003. 
The  same  lesser  amount  of  diminution  of  elasticity  along  the  c  axis, 
on  passing  from  one  salt  to  another  containing  a  metal  of  higher 
atomic, weight,  is  observed,  while  the  greater  amounts  of  diminution 
along  the  a  and  h  axes  are  approximately  equal.  The  effect  of  rise  of 
temperature,  however,  in  causing  an  increase  in  the  actual  value  of 
the  optical  elasticity  is  not,  of  course,  shown  in  the  ratios,  because 
the  new  value  of  the  elasticity  along  the  h  axis  of  potassium  sulphate 
at  180°  is  taken  as  unity.  It  might,  however,  be  expressed  if  the 
ratios  were  calculated  taking  the  value  at  the  ordinary  temperature 
as  unity,  that  is,  using  the  same  unit  as  in  the  ratios  for  the  ordinary 
temperature,  in  which  case  the  b  elasticity  of  potassium  sulphate  at 
180°  becomes  1-0039  instead  of  1,  and  all  the  other  ratios  would  be 
increased  in  the  same  proportion.  Bearing  this  fact  in  mind,  it  is 
perhaps  simplest  to  retain  the  above  ratios,  which  show  the  relations 
of  the  three  elasticities  in  each  salt  and  the  changes  upon  passing 
from  one  salt  to  another  equally  well. 

The  greater  increase  in  the  optical  elasticity  along  the  c  axis  of  any 
one  salt  as  the  temperature  rises,  compared  with  that  along  the  other 
two  axes,  must  be  regarded  quite  distinctly  from  the  lesser  diminution 
observed  on  passing  from  one  salt  to  another,  which  has  just  been 
shown  to  be  similar  to  that  which  occurs  at  the  ordinary  temperature. 
The  effect  of  this  altered  relationship  of  the  c  elasticity  to  the  elasti- 
cities along  the  two  other  axes,  which  retain  their  original  distance 
apart,  is  to  move  the  curve  representing  the  elasticity  along  the  axis  c 
in   the  contintious  series  of  Fig.  12   (p.  700)   almost  parallel  with 
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itself  for  some  distance  to  the  right,  so  as  to  pass  through 
the  three  points  indicated  by  crosses.  In  the  potassiura  salt, 
the  minimum  c  elasticity  now  approaches  more  closely  to  the 
medium  value  along  the  a  axis,  but  is  still  slightly  further  re- 
moved from  it  than  is  the  maximum  elasticity  along  the  h  axis. 
Hence  the  optic  axial  angle  of  potassium  sulphate  should  increase 
with  the  temperature,  as  is  found  by  direct  experiment  to  be  the  case. 
In  the  caesium  salt,  however,  rise  of  temperature  causes  the  c  elasti- 
3ity  to  become  still  further  removed  from  the  medium  value  along 
ohe  h  axis,  and  the  optic  axial  angle  ought  consequently  to  diminish 
on  warming  the  crystal,  a  deduction  likewise  in  accordance  with  the 
experimentally  determined  fact.  Finally,  in  the  interesting  case  of 
the  rubidium  salt,  the  new  relative  position  occupied  by  the  c  axis 
lies  upon  the  other  side  of  the  h  elasticity  to  that  upon  which  it  lies 
at  the  ordinary  temperature,  and  so  far  upon  the  other  (the  maximum) 
side  at  180°  that  it  is  almost  as  far  removed  from  the  now  medium 
value  along  the  6  axis  as  is  the  minimum  elasticity  along  the  a  axis. 
Hence,  at  this  elevated  temperature,  the  order  of  the  1)  and  c  axes  is 
reversed,  and  the  plane  of  the  optic  axes  changed  from  ab  to  ac  ;  the 
double  refraction  is  still  positive,  and  the  axis  a  the  first  median  line, 
but  a  very  little  further  heating  would  cause  the  sign  of  double 
refraction  to  change  to  negative,  and  the  axis  c  to  be  endowed  with 
the  elasticity  furthest  removed  from  the  others,  and  therefore  to 
become  the  first  median  line.  Hence  this  over-stepping  of  the  elasti- 
city &  by  that  along  the  c  axis  is  the  cause  of  the  beautiful  optic  axial 
angle  phenomena  of  rubidium  sulphate,  observed  on  warming  a  section 
perpendicular  to  the  first  median  line  a,  the  nature  of  which  has  been 
fully  explained.  It  may,  however,  be  now  with  propriety  further 
remarked,  having  the  curves  before  us,  that  it  can  readily  be  undei"- 
stood  why  so  slight  a  rise  of  temperature  should  cause  a  crossing  of 
the  plane  of  the  optic  axes.  For  the  elasticity  c  at  the  ordinary  tem- 
perature is  so  near  to  the  h  value  that  a  comparatively  few  degrees  of 
heating  are  sufficient  to  cause  the  c  value  to  become  coincident  with 
the  h  value,  and  so  for  the  optic  axes  to  rapidly  approach  until  the 
uniaxial  interference  figure  is  produced,  after  which  further  heating 
as  rapidly  separates  them  in  the  plane  at  right  angles ;  and  of  course, 
owing  to  the  strong  dispersion  of  the  axes  for  different  wave-lengths, 
the  uniaxial  figure  will  be  produced  first  for  the  red  rays,  and  at 
slightly  higher  temperatures  for  the  other  rays  in  succession. 

There  is  one  further  point  in  connection  with  this  greater  relative 
increase  of  optical  elasticity  along  the  axis  c  worthy  of  notice.  The 
distance  of  the  curve  for  this  axis  at  180°  from  that  for  the  ordinary 
temperature  is  not  equal  throughout,  that  is,  the  curves  are  not 
parallel ;  they  diverge  with  increase  of  atomic  weight  of  the  metal 
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contained  in  the  salt,  and  their  distance  apart  for  the  rubidium  salt  is 
intermediate  between  the  distances  for  the  potassium  and  caesium 
salts.  The  differences  between  the  c  ratios  of  the  potassium  salt  at 
the  ordinary  temperature  and  at  180°  is  O'OOOG,  for  the  rubidium  salt 
O'OOOS,  and  for  the  caesium  salt  O'OOIO.  One  cannot  help  being  struck 
with  the  perfect  manner  in  which,  even  in  the  minutest  details 
of  the  crystallographic  properties,  rubidium  sulphate  maintains  its 
intermediate  position. 

These  facts  may  now  be  concisely  summarised  in  the  following 
terms. 

The  relations  established  between  the  optical  elasticities  of  the  three 
sulphates  at  the  ordinary  ter)iperature  are  still  Tnaintaitied  on  raising 
the  temperature,  rubidium,  sulphate  preserving  its  intermediate  position 
along  all  three  axial  directions.  Moreover,  the  difference  introduced  into 
the  relations  of  the  three  elasticity  values  of  any  one  salt  hy  the  greater 
rate  of  acceleration  of  the  elasticity  along  the  axis  c  as  the  temperature 
rises,  compared  with  the  acceleration  along  the  a  and  b  axes,  is  inter- 
mediate in  amount  in  the  case  of  the  rubidium  salt,  compared  with  its 
nnagnitude  in  the  potassium  and  ccesium  salts  respectively.  Hence  the 
elasticity  values  of  rubidium  sulphate  remain,  at  higher  temperatures, 
intermediate  betiveen  those  of  potassium  and  caesium  sulphates,  whether 
the  comparison  is  made  between  the  actual  vahies  along  the  same  axis  for 
the  three  salts,  or  whether  the  ratios  of  the  three  elasticities  for  each  of  the 
three  salts  in  succession  are  compared.  The  conclusion  drawn  from  the 
observations  at  the  ordinary  temperature,  that  "  the  optical  properties  of 
the  crystals  of  the  three  salts  are  functions  of  the  atomic  weights  of  the 
'metals  which  they  contain,"  is,  therefore,  independetit  of  the  temperature. 

The  greater  rate  of  acceleration  of  the  elasticity  along  the  axis  c  as  the 
temperature  is  increased,  produces  a  remarkable  change  in  the  optical 
characters  of  rubidium  sulphate.  In  potassium  sulphate,  it  merely  has 
the  effect  of  causing  the  minimum  elasticity  along  the  c  axis  to  approach 
a  little  nearer  to  the  medium  value,  and  so  to  increase  the  optic  axial 
angle  by  a  slight  amotmt.  In  caesium  sulphate,  the  value  along  the  c  axis, 
in  this  salt  the  maximum  elasticity,  is  removed  still  further  from  the 
m,edium  value,  and  consequently  the  optic  axial  angle  is  slightly  dimin- 
ished by  warming  the  crystal.  In  the  rubidium,  salt,  hoivever,  the  effect 
of  heating  the  crystal  is  to  cause  the  elasticity  along  the  c  axis,  at  the  ordi- 
nary temperature  the  medium,  elasticity  aiid  but  very  slightly  less  than  the 
m,aximum  value  along  the  h  axis,  to  approach,  and  for  a  rise  of  a  very 
few  degrees  of  temperature  to  become  identical  with,  the  value  of  the 
elasticity  along  the  b  axis,  when  the  crystal  possesses  uniaxial  optical  pro- 
perties. Further  heating  causes  the  c  elasticity  to  overstep  the  b  value 
and  to  become  the  m,aximum  elasticity.  This  rapid  change  in  the  rela- 
tions of  the  optical  elasticity  along  the  b  and  c  axes  is  translated  in  a  m,ost 
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interesting  manner  in  the  optic  axial  angle  phenomena.  On  warming 
a  section-plate  cut  perpendicular  to  the  first  median  line,  the  optic  axes 
rapidly  approach  each  other  in  their  plane  a  b,  and  eventually  finite  in 
the  centre  of  the  field  to  form  the  uniaxial  cross  surrounded  hy  circular 
rings ;  on  continuing  the  heating,  the  axes  separate  again  in  the  plane 
Sk  c  at  right  angles  to  the  plane  which  previously  contained  them,  and 
the  separation  becom.es  greater  and  greater  until  the  axial  brushes  pass 
cut  of  the  field,  the  axis  c  becomes  first  m.edian  line  instead  of  the  axis 
a,  and  the  positive  nature  of  the  double  refraction  changes  to  negative. 
Oiving  to  the  great  am,ount  of  dispersion  of  the  optic  axes  for  different 
wave-lengths  (over  30°),  these  changes  happen  in  succession  at  different 
temperatures  far  the  different  wave-lengths,  the  uniaxial  figure  being  pro- 
duced first  for  red  light,  and  last  for  violet  light,  the  differences  of 
temperature  for  red  lithium  and  violet  G  light  being  about  25°  ;  the 
mean  temperature  of  the  production  of  the  uniaxial  figure  is  about 
50°.  These  tmique  optical  properties  of  rubidium  sulphate  are  thus  the 
direct  natural  consequence  of  the  m,utital  relations  of  the  three  elasticity 
values  for  this  salt,  brought  about  by  the  operation  of  the  rule  above 
established  connecting  the  optical  properties  with  the  atomic  weight  of 
the  metal  contained  in  the  salt. 

Before  taking  leave  of  the  consideration  of  the  optical  elasticity 
relationships,  it  will  be  of  considerable  interest  and  importance  to 
enquire  whether  any  connection  is  to  be  traced  between  them  and  the 
volume  relationships  of  the  three  salts. 

Considering  first  the  volume  changes  on  replacing  potassium  by 
rubidium,  and  the  latter  metal  by  caesium,  it  was  shown  that  the 
distance  ratios  along  the  axial  directions  increased  as  the  weight  of 
the  metallic  atom  was  increased,  and  that  the  b  axis  elongated  most, 
the  c  axis  nearly  as  much,  and  the  a  axis  least.  If  the  actual  values 
of  the  distance  ratios  are  refen-ed  to  (p.  660),  it  will  be  seen  that 
the  elongation  along  the  b  axis  is  nearly  twice  as  great  as  that  along 
the  a  axis,  the  amounts  being  as  385  to  216.  But  the  lengths  of  these 
axes  are,  to  start  with,  that  is  to  say  in  the  potassium  salt,  almost  in 
this  proportion,  being  as  1  to  0'5727.  Now  if  unit  length  expands 
385  on  the  introduction  of  rubidium,  a  length  of  0"5727  would,  if 
it  expanded  in  exact  pi'oportion,  elongate  220 ;  it  actually  expands 
216,  that  is  to  say,  almost  exactly  proportionally  to  the  length.  Con- 
sequently the  relative  lengths  of  the  axes  a  and  6  in  the  rubidium 
salt  are  almost  exactly  what  they  were  in  the  potassium  salt,  the  a 
axis  being  just  a  little  shorter,  as  expressed  by  the  crystallographic 
axial  ratio  ;  and  the  net  effect  of  the  introduction  of  rubidium  instead 
of  potassium,  as  regards  these  axial  directions,  is  to  cause  an  imagin- 
ary line  joining  the  ends  of  the  two  axes  to  be  pushed  outwards 
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almost  parallel  witli  itself.  On  the  other  hand,  on  considering  the  rela- 
tions of  the  axes  b  and  c,  it  is  observed  that  the  amount  of  extension 
is  nearly  the  same  in  each  direction,  while  the  original  proportion  is 
as  1  to  0'  7418.  It  is  easy  to  see  that  this  means  that  the  line  joining  the 
ends  of  the  axes  after  the  introduction  of  rubidium  remains  no  longer 
parallel  to  its  direction  in  the  potassium  salt,  but  that  the  extension 
is  so  much  greater,  proportionally  to  the  original  lengths,  aloug  the  c 
axis,  that  the  line  is  not  only  pushed  outwards,  but  its  inclination  is 
considerably  altered,  so  that  the  lines  diverge  as  the  end  of  the  c  axis 
is  approached.  This  is  represented  by  an  increase  in  the  crystallo- 
graphical  axial  ratio  c  :  b.  The  changes  are,  of  course,  of  similar 
nature,  as  there  is  a  true  progression  in  the  order  of  atomic  weight, 
on  the  replacement  of  rubidium  by  caesium,  the  only  material  differ- 
ence being  that  the  amount  by  which  the  lines  joining  the  ends  of 
the  axes  are  actually  moved  further  away  from  the  centre  is  greater. 

It  has  been  shown  as  regards  the  optical  elasticity,  that  the  changes 
ensuing  on  the  introduction  of  a  heavier  metal  are  also  such  as  result 
in  the  relations  of  the  a  and  b  axes  remaining  almost  the  same,  the 
ratio  a  :  h  decreasing  very  slightly ;  while  the  ratio  c  :  b  increases 
relatively  very  considerably.  Hence  it  is  clear  that  the  relations  of 
the  optical  elasticity  values  along  the  three  axial  directions,  in  the 
case  of  the  three  sulphates  under  consideration,  vary  similarly  to  the 
variations  in  the  relative  lengths  of  these  axes,  although  there  i* 
apparently  no  relation  between  their  numerical  values.  Thus  both 
show  very  little  change  on  passing  from  one  salt  to  another  with 
respect  to  the  relations  of  the  axes  a  :  b,  while  the  ratio  c  :  b  changes 
materially,  and  the  changes  are  also  of  like  sign ;  but  the  actual 
values  of  the  ratios  are  of  difEerent  order,  for  while  the  axis  6  is- 
the  longest  axis  in  all  three  salts,  and  the  a  axis  the  shortest,  the 
order  of  the  optical  elasticities  is  different.  Moreover,  the  actual 
increase  in  the  lengths  of  all  the  axes  as  the  atomic  weight  of  the- 
metal  is  increased,  is  accompanied  by  a  decrease  along  all  the  axial 
directions  in  optical  elasticity,  while  an  increase  in  the  ratio  of  the 
length  of  any  one  axis  to  that  of  any  other  is  accompanied  by  an 
increase  in  the  optical  elasticity.     Hence  it  may  be  concluded  that : 

The  only  connection  which  is  apparent  between  the  changes  in  the 
lengths  of  the  crystallographic  axes  and  the  alterations  in  optical  elas- 
ticity, brought  about  by  replacing  potassium  by  rubidium  and  rubidium 
by  ccesium,  is  exhibited  between  the  relations  of  the  values  of  these  con- 
statits  along  the  three  axes  towards  each  other,  a  very  slight  change 
being  in  both  cases  apparent  in  the  ratio  a :  b,  and  a  much  larger  one 
in  the  ratio  c  :  b.  These  changes  occur  in  the  same  direction  for  both 
properties.  The  actual  values  appear  to  bear  no  relationship,  except  that 
the  values  for  the  rubidium  salt  are  always  intermediate.     From  these- 
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considerations  it  'may  he  conchided  that  the  actual  value  of  the  optical 
elasticity  is  not  a  function  of  the  crystal  element,  the  physical  Tuolecule, 
hut  of  the  chemical  molecule.  The  fact  that  it  is  m,odified  in  a  manner 
analogous  to  the  modification  of  the  axial  ratios,  would  appear  to  con- 
firm the  supposition  that  the  crystal  element  is  endowed  with  like 
symmetry  to  the  crystal  itself  in  regard  to  the  internal  arrangement 
of  the  chemical  m,olecules  of  which  it  is  cotnposed. 

Molecular  Optical  Constants. 

As  it  may  be  accepted  that  in  a  strictly  isomorphons  series  of  salts, 
such  as  those  under  consideration,  the  crystal  elements  are  composed 
of  the  same  number  of  molecules,  it  is  probable  that  the  molecular 
refractions  and  dispersions,  calculated  from  the  formulce  of  Lorenz 
and  of  Gladstone  and  Dale,  will  be  strictly  comparable  quantities, 
whether  they  are  functions  of  the  crystal  element,  the  chemical 
molecule,  or  both  combined. 

The  specific  and  molecular  refractions  have,  therefore,  been  calcu- 
lated for  the  wave-lengths  of  the  two  hydrogen  lines  C  and  G,  the 

Befractiou  Constants. 
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^""'J^JnlsO,...        0-0832         260        ^.^gg^        259  ^  .^^3^^  265 

^''■^"''[082804...        0-0767           ''^         0-0765           ^"^  0-0759  ^^ 

1  M 


Molecular  refraction . 

r 


2       d 


Dife.  b.  Diff.  c.  Diff. 

TT^^^o^     rK2S04....      18-99  q--       18-96  „,«       19-08  „.„r 

■^oi^ray    J-Rh.«n.  99..ifl  3-17       „„.,„  3-16       „„,„  3-05 


«^Rb2S04. ..      22-16  ':,tl       22-12  ^.;^"       22-13 


^(^"UCsoW'**      27-71  ^'^^       27-63  ^'^^       27-45 

n-  —  1 


5-32 


Specific  refraction —r  =  jj. 


a.            Diff.             b.            Difi".             c.  DifP. 

T7r.r.  ^arr        f  K0SO4.  .   .  .             O'lllO               „..„               0-1107               „r„               0-1115  „„„ 

^"^/^yjRb^SO^...        0-0847         263         ^.^g^-         262         ^  .^g^g  269 

«^^7;  [_cg^y04...        0-0782           ^^         0-0780           ^'^        0-0774  ^"^ 

Molecular  refraction •  .        =  jM. 

»^  +  2     a 


Diff.  b.  Diff.  c.  Diff. 


Fn,.r«^     rK2S04....      19-31  „.„^       19-27  „.„-       19-40  „..„ 

^°^;-ff  jRb..S04...      22-57  I. II       22-52  ^  .^o       22-53  ?  ^^ 

^("'>'UC82S04...      28-26  ^^9       28-18  ^  ^^       27-98  ^ '^^ 
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Dispersion  Constants. 

Molecular  dispersion 
Specific  dispersion  ^g  -  ^c-  ^Iq- ^c- 


Axes . 


^...      ..a.  i.  <■■■  «•  *• 

K,S04..     0-0018      0-0018      0-0019  0-32       0-31       0-32 

Eb.SO,..     0-0015      0-0015      0-0015  0-41       0-40       0-40 

CS2SO4..      0-0015      0-0015      00015  0-55      0-55      0-53 

same  two  ravs  as  are  preferred  by  Briihl.     The  difference  of   the 

values  for  the  two  rays  is  taken  to  represent  the  dispersion.     The 

constants  are  arranged  according  to  analogous  axial  directions  m  the 

crystals  of  the  three  salts.  i         p      xi 

The  following  relations  are  observed  between  the  values  tor  the 

three  salts.  ,7^,1  7 

The  molecular  refraction  and  dispersion  of  the  crystals  of  the  normal 
sulphates  of  potassium,  rubidium,  and  ccBsium,  calculated  from  the 
fw-mula  of  Lorenz,  increase  with  the  atomic  weight  of  the  contained 
metal,  so  that  the  values  for  the  rubidium  salt  are  intermediate  between 
those  for  the  potassium  and  caesium  salts.  The  increase  becomes  greater 
as  the  atomic  weight  rises,  so  that  the  differences  between  the  constants 
for  the  coesium  and  rubidium  salts  are  greater  than  those  between  the 
values  for  the  rubidium  and  potassium  salts.  These  statements  are 
equally  true  whatever  direction  in  the  crystals  is  chosen  for  comparison, 
and  as  regards  the  refraction  for  whatever  wave-length  the  cornparison 
is  made.  It  is  observed,  however,  that  the  increase  along  the  direction 
of  the  vertical  axis  c  proceeds  at  a  someivhat  slower  rate  than  along  the 
directions  of  the  two  lateral  axes,  in  which  two  latter  directions  the  rate  of 
increase  is  almost  identical.  , 

It  is  of  interest  to  note  that  the  above  relations  are  m  perfect 
accordance  with  those  exhibited  by  the  elasticity  values  of  the  three 
salts.  It  may  next  be  enquired  whether  similar  relationships  are 
exhibited  by  the  molecular  refractions  calculated  from  the^ formula 
of  Gladstone  and  Dale.     The  following  are  the  values  of  !L^M  for 

the  wave-length  of  the  red  hydrogen  line  C. 

Diff.  b.  Diff.  0.  Diff. 

K2SO4....      32-22  5. 61         32-14  g.gQ         32-39         5.33 

»:::  %^    --    "S    -•-    tlo    -^^ 

It  will  at  once  be  perceived  that  precisely  similar  relationships  are 
indicated  with  regard  to  all  the  points  above  enumerated,  as  by  use 
of  the  Lorenz  formula.  u-   „    „„o 

We  may  now  further  enquire  whether  these  relationships  are 
merely  fortuito-as  ones  for  the  ordinary  temperature,  or  are  vahd  for 
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all  reasonable  temperatures.  As  the  alteration  of  the  density  and 
the  refraction  for  rise  of  temperature  has  been  determined,  the 
molecular  refraction  for  a  higher  temperature  can  at  once  be  calcu- 
lated. The  highest  temperature,  180°,  at  which  refraction  observa- 
tions -were  carried  out  has  been  chosen  for  the  comparison.  From  the 
data  afForded  by  the  determination  of  the  cubical  expansion  of  the 
salts,  their  specific  gravities  at  180°/4°  are  found  by  calculation  to  be : 

K2SO4,  2-6080;  RhSOi,  3-5377;   CS2SO4,  4-1585. 
The   specific  and  molecular  refraction  have  been  calculated,  by  use 
of  the  Lorenz  formula,  from  the  above  densities  and  the  refractive 
indices  for  the   temperature  180°,  and  for  the  intermediate  wave- 
length of  the  sodium  D  lines.     The  values  are  as  follows. 

Specific  refraction. 

/ ' , 

a.  Diff.  b.  Diff.  c.  Diff. 


K2SO4....        0-1107         ofio         ^''^'^^^         2fi1  O'llll         9RQ 

■Du  art  rt.noAK  ^^^  0 '0844  /i.no^o  iiOy 

0  -0777  ^'^ 

Molecular  refraction. 


Ilb.S04...        0-0845         ^".         0-0844         ^";i        0-0842  ^., 

CS2S04...       0-0780  "^        0-0777  ^'        0-0770  ^"^ 


K2S04. . . 

32-54 

RbaSO^.. 

.      38-24 

CS2SO4  .  . 

48-62 

a.  Diff.  b.  Diff.  c.  Diff. 

K2SO4....      19-27  o.^rr  19-23  „-  19-32  „.„ 

Rb2S0.,...      22-52  ^.^^  22-48  ^.^^  22-44  t  ^f^ 

CS2SO4  ...      28-18  '^  ^^  28  -09  "  ^^  27  -84  ^  **" 

The  molecular  refractions  for  180°  and  the  ray  C  calculated  by  the 
formula  of  Gladstone  and  Dale  are  as  under. 

a.  Diff.  b.  Diff.  c.  Diff. 

g.^Q        32-44  g.^2         32-63         _ 

10-38        %'}^        10-28        ^8-09         g.^. 

The  values  for  the  molecular  refraction  at  180°  calculated  from  both 
formulae,  are  thus  seen  to  be  almost  identical  with  those  for  the 
ordinary  temperature  (18 — 20°),  and  the  relationships  are  precisely 
the  same.  The  following  further  statements  concerning  the  molecu- 
lar refraction  may  now  therefore  be  made. 

The  values  for  the  molecular  refraction  obtained  by  use  of  the  formula 
of  Gladstone  and  Dale,  exhibit  precisely  similar  relationships  to  those 
derived  by  use  of  the  Lorenz  formula.  Moreover,  the  values  of  the  specific- 
and  molecular  dispersion  at  the  temperature  of  180°,  calculated  by  tise  of 
either  formula,  are  practically  identical  with  those  for  the  ordinary  tem- 
perature, and  exhibit  exactly  the  same  relationships.  The  relationships 
exhibited  by  the  refraction  co?istants  of  the  three  salts  are  therefore  inde- 
pendent of  the  temperature. 
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Summary    of   Conclusions. 

The  main  results  of  this  investigation  may  be  summarised  in  the 
following  terms. 

1.  The  normal  sulphates  of  potassium,  rubidiam,  and  caesium  differ 
widely  with  regard  to  their  solubility  in  tvater — potassium  sulphate 
being  very  sparingly  soluble  and  caesium  sulphate  extremely  soluble 
at  whatever  tempei-ature  the  comparison  is  made,  the  solubility  of 
rubidium  sulphate  is  intermediate  between  that  of  potassium  and 
caesium  sulphates. 

2.  The  habits  assumed  by  the  strictly  isomorphous  rhombic  crystals 
of  these  salts  approach  each  other  more  closely  than  was  observed  in 
the  case  of  the  monoclinic  double  sulphates  of  the  series 

containing  the  same  three  alkali  metals.  The  predominating  relative 
amounts  of  development  of  the  primary  faces,  however,  indicate  a 
progression  corresponding  to  the  order  of  the  atomic  weights  of  the 
three  metals. 

3.  The  magnitudes  of  the  whole  of  tJie  angles  of  the  rubidium  salt 
lie  between  those  of  the  analogous  angles  upon  the  potassium  and 
caesium  salts  respectively.  The  angular  differences  are  much  smallei- 
than  was  observed  in  the  case  of  the  double  sulphates,  indicating 
that  the  difference  of  angle  decreases  as  the  symmetry  becomes 
higher.  They  are  too  small  to  enable  a  definite  statement  to  be  made 
with  regard  to  the  relation  between  the  differences  corresponding  to 
the  replacement  of  potassium  by  rubidium  and  rubidium  by  caesium 
respectively. 

4.  The  axial  ratios  for  rubidium  sulphate  are  intermediate  between 
those  for  potassium  and  caesium  sulphates  respectively.  The  ratio 
a  :  b  diminishes,  but  only  very  slightly,  upon  replacing  potassium  by 
rubidium  or  the  latter  metal  by  caesium,  while  the  ratio  c  :  b  inci*eases 
materially. 

5.  Goniometrical  observations  at  higher  temperatures  indicate  that 
conclusions  3  and  4  are  independent  of  the  temperature. 

6.  The  directions  of  cleavage  in  the  crystals  of  the  three  salts  are 
identical,  being  parallel  to  the  brachypinacoid  and  basal  plane  re- 
spectively ;  that  along  the  former  direction  is  the  more  perfect  in 
each  case. 

7.  The  relative  density  and  molecular  volume  of  rubidium  sulphate 
are  intermediate  between  the  values  of  those  constants  for  potassium 
and  caesium  sulphates  respectively.  A  greater  increase  of  volume 
accompanies  the  replacement  of  rubidium  by  caesium  than  is  observed 
when  rubidium  replaces  potassium,  the  ratio  of  the  respective  changes 
being  11-4  to  8-4. 
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8.  The  densities  of  the  three  sulphates  diminish  proportionally  to 
their  numerical  values  on  raising  the  temperature,  so  that  the  coeffi- 
cients of  cubical  expansion  are  almost  identical,  the  differences  being 
about  the  limits  of  experimental  error.  Determinations  of  the  co- 
efficients of  linear  expansion  along  the  tiiree  axial  directions  indicate  that 
in  each  salt  the  greatest  amount  of  expansion  occurs  in  the  direction 
of  the  vertical  axis  c,  the  expansion  along  the  other  two  axial  direc- 
tions being  more  nearly  equal. 

9.  It  may  be  assumed  that  in  the  case  of  the  strictly  isomorphous 
normal  sulphates  of  potassium,  I'ubidium,  and  caesium,  the  physical 
molecules  or  crystal  elements  are  composed  of  the  same  number  of 
chemical  molecules.  The  molecular  volumes,  more  correctly  termed 
equivalent  volumes,  "will  therefore  express  the  relations  of  the 
volumes  of  the  elementary  parallelepiped  of  each  salt,  formed  by 
joining  the  centres  of  adjacent  crystal  elements  situate  along  the 
axial  directions.  The  sides  of  the  parallelopipeda  will  also  be  propor- 
tional to  the  crystallographic  axial  ratios.  Hence,  by  combining  the 
molecular  volumes  with  the  axial  ratios,  it  is  possible  to  calculate  for 
the  three  salts  the  relative  distances  apart,  from  centre  to  centre  of 
their  crystal  elements  along  the  axial  directions.  The  distance  ratios 
(Muthmann's  topic  axes)  thus  calculated  indicate  that  the  replace- 
ment of  potassium  by  rubidium  and  rubidium  by  caesium  is  accom- 
panied by  an  increase  iu  the  separation  of  the  crystal  elements  along 
each  of  the  axial  directions,  and  this  increase  is  relatively  much 
greater  when  caesium  replaces  rubidium  than  when  the  latter  metal 
replaces  potassium.  The  amount  of  increase  varies  in  the  three  axial 
directions ;  it  is  greatest  along  the  6  axis  and  least  along  the  a  axis, 
and  the  increase  of  separation  in  the  direction  of  the  vei-tical  c  axis  is 
almost  equal  to  the  maximum  along  the  axis  h.  Considered  propor- 
tionally to  the  lengths  of  the  axes  the  change  along  the  a  and  h  axes 
is  almost  in  exact  proportion  to  their  lengths,  while  that  along  the 
vertical  axis  c  is  much  greater  proportionately  to  its  length. 

10.  The  directions  of  cleavage,  the  positions  of  the  planes  in  which 
the  elementary  parallelograms  occupy  least  area,  and  the  evidence 
afforded  by  the  nature  of  the  forms  developed  upon  the  crystals, 
agree  in  indicating  that  tlie  elementary  paraJlelopiped  of  the  series  is 
a  rectangular  rhombic  prism.  The  order  of  change  in  the  distance 
ratios  can  be  fully  accounted  for  on  the  supposition  that  the  crystal 
element  of  the  series  is  composed  of  four  chemical  molecules,  sym- 
metrically arranged  with  respect  to  the  three  planes  of  rhombic 
symmetry. 

11.  The  refractive  indicets  of  rubidium  sulphate  are  intermediate  in 
value  between  those  of  the  sulphates  of  potassium  and  caesium,  and 
lie  nearest  to  those  of  the  potassium  salt ;  the  average  differences 
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between  the  indices  of  the  potassium  and  rubidium  salts  on  the  one 
hand,  and  those  of  the  rubidium  and  caesium  salts  on  the  other,  are  in 
the  rntio  of  2:5.  An  increase  of  refractive  power  accompanies  an 
increase  in  the  atomic  weight  of  the  contained  metal,  and  the  increase 
becomes  relatively  greater  as  the  atomic  weight  becomes  higher. 

12.  The  optical  elasticity  oi  rubidium  sulphate  is  consequently  inter- 
mediate between  the  greater  value  of  potassium  sulphate  and  the 
lesser  value  of  caesium  sulphate.  This  is  true  whatever  directions  in 
the  crystals  are  chosen  for  comparison,  and  whether  analogous  or  not, 
the  differences  between  the  maximum  and  minimum  values  of  the 
elasticity  of  any  one  salt  being  very  small  compared  with  the  differ- 
ences between  different  salts.  If  the  same  direction  is  chosen  for 
comparison,  the  value  for  the  rubidium  salt  is  nearer  to  that  of  the 
potassium  salt  than  to  that  of  the  caesium  salt  in  the  proportion  of 
2  :  5. 

This  may  be  nnore  strikingly  expressed  as  follows.  The  ellipsoidal 
wave-surface,  of  rays  emanating  from  a  common  central  point,  for 
rubidium  sulphate  lies  between  the  wave-surfaces  of  potassium  and 
caesium  sulphates  respectively,  and  nearer  to  the  outer  enveloping 
wave-surface  of  the  potassium  salt  than  to  the  inner  one  of  caesium 
sulphate  in  the  proportion  of  2:5. 

13.  The  amount  of  diminution  of  optical  elasticity  on  passing  from 
one  salt  to  another  is  almost  identical  in  the  directions  of  the  axes  a 
and  h,  so  that  the  ratio  of  the  elasticities  in  these  two  directions  to 
each  other  remains  practically  constant  for  the  three  salts.  The 
change  of  elasticity  along  the  axis  c,  however,  proceeds  at  a  slower 
i-ate  as  the  atomic  weight  of  the  contained  metal  is  increased,  and 
thus  a  considerable  alteration  in  the  relations  between  the  elasticity 
along  this  axis  and  that  corresponding  to  the  other  two  axial  direc- 
tions is  brought  about.  So  considerable  is  this  alteration  that  a  com- 
plete reversal  of  the  nature  of  the  double  refraction  is  produced.  The 
elasticity  along  the  c  axis  is  the  minimum  of  the  three  values  along 
the  axial  directions  in  the  potassium  salt,  and  the  maximum  in  the 
caesium  salt,  and  in  both  cases  these  values  for  the  c  axis  are  furthest 
removed  from  the  value  of  the  medium  elasticity  in  the  same  salt. 
Hence  potassium  sulphate  is  endowed  with  positive  and  caesium 
sulphate  with  negative  double  refraction,  in  both  cases  of  weak  order 
owing  to  the  comparative  closeness  of  the  maximum  and  minimum 
values.  The  intermediate  value  which  the  elasticity  along  the  axis  c 
assumes  in  the  rubidium  salt  falls  between  the  values  along  the  a  and 
h  axes,  and  is  almost  identical  with  that  along  the  h  axis.  As  the 
values  along  the  a  and  h  axes,  now  the  minimum  and  maximum 
values,  are  very  close  together,  the  crystals  of  rubidium  sulphate 
exhibit  extraordinarily  low  double  refraction,  a  section-plate  almost  a 
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centimetre  thick  being  required  to  exhibit  well-defined  interference 
figures  in  convergent  polarised  light.  Moreover,  the  extreme  close- 
ness, almost  identity,  of  the  values  for  the  b  and  c  axes  renders  the 
optic  axial  angle  of  rubidium  sulphate  exceptionally  sensitive  to 
change  of  wave-length  in  the  illuminating  light,  to  change  of  temper- 
ature, and  to  the  presence  of  traces  of  isomorphous  impurities.  The 
dispersion  of  the  optic  axes  at  the  ordinary  temperature  between  the 
wave-lengths  of  the  red  lithium  line  and  the  bluish- violet  G  hydro- 
gen line  is  about  35°  for  2E  and  20"  for  2Va. 

These  exceptional  optical  properties  of  rubidium  sulphate  are 
entirely  due  to  the  fact  that  the  three  values  of  the  optical  elasticity 
for  this  salt  are  intermediate  between  those  of  the  oppositely  doubly- 
refractive  potassium  and  caesium  salts.  Hence  the  optical  properties 
of  the  crystals  of  the  three  salts  are  functions  of  the  atomic  weights 
of  the  metals  which  they  contain. 

14.  A  regular  decrease  in  refractive  power,  corresponding  to  an 
increase  of  optical  elasticity,  is  observed  as  the  temperature  of  the 
crystals  of  each  of  the  three  sulphates  is  raised.  The  change  is 
greatest  for  rays  vibrating  parallel  to  the  vertical  axis  c,  and  the  lesser 
changes  in  the  directions  of  the  axes  a  and  b  are  approximately  equal. 
The  relations,  however,  established  for  the  ordinary  temperature  are 
still  maintained  at  higher  temperatures,  rubidium  sulphate  preserv- 
ing its  intermediate  position  along  all  three  axial  directions.  The 
important  conclusion,  therefore,  stated  at  the  end  of  paragraph  13  is 
independent  of  the  temperature. 

15.  The  greater  rate  of  acceleration  of  the  elasticity  along  the  axis  c 
as  the  temperature  is  increased,  while  only  slightly  altering  the  optic 
axial  angles  of  potassium  and  caesium  sulphates,  produces  a  remark- 
able change  in  the  optic  axial  angle  of  rubidium  sulphate.  On  heat- 
ing a  crystal  of  this  salt,  the  elasticity  along  the  c  axis,  the  medium 
value  at  the  ordinary  temperature  but  very  close  to  the  maximum 
value  along  the  6  axis,  rapidly  approaches  the  latter  value,  and  for  a 
few  degrees  of  rise  of  temperature  becomes  identical  with  it,  when  the 
crystal  apparently  possesses  uniaxial  properties.  Further  heating 
causes  the  c  value  to  overstep  that  along  the  b  axis  and  to  become  the 
maximum  value.  Hence,  on  warming  a  section-plate  cut  perpen- 
dicular to  the  first  median  line,  the  optic  axes  rapidly  approach  the 
centre  of  the  field,  and  unite  to  form  a  uniaxial  figure ;  they  then 
separate  again  along  the  plane  at  right  angles  to  that  which  pre- 
viously contained  them.  Owing  to  the  great  dispersion,  these 
changes  occur  in  succession  at  different  temperatures  for  the  different 
wave-lengths,  the  uniaxial  figure  being  produced  first  for  red  light,  at 
about  40"  for  light  of  the  wave-length  of  the  red  lithium  line,  and 
last  for  violet  light,'  the  temperature  for  G  light  being  about  65°. 

VOL.  LXT,  3   D 


716      CRYSTALLOGRAPHY  OP   SULPHATES  OF  POTASSIUM,  ETC. 

16.  The  only  connection  wMcli  is  apparent  between  tlie  changes  in 
the  lengths  of  the  crystallographic  axes  and  the  optical  elasticity,  brought 
about  by  replacing  potassium  by  rubidium  and  rubidium  by  caesium, 
is  exhibited  between  the  relations  of  the  values  of  these  constants 
along  the  three  axes  towards  each  other.  A  very  slight  change  in 
both  cases  is  apparent  in  the  ratio  a  :  5,  and  a  much  larger  one  in  the 
ratio  c  :  6,  and  these  changes  occur  in  the  same  direction  for 
both  properties.  The  actual  values  appear  to  bear  no  relationship, 
except  that  the  values  for  the  rubidium  salt  are  always  intermediate. 
It  may  therefore  be  concluded  that  the  actual  value  of  the  optical 
elasticity  is  not  a  function  of  the  crystal  element,  the  physical  mole- 
cule, but  of  the  chemical  molecule.  The  fact  that  it  is  modified  in  a 
manner  analogous  to  the  modification  of  the  axial  ratios  would  appear 
to  confirm  the  supposition  that  the  crystal  element  is  endowed  with 
like  symmetry  to  the  crystal  itself  in  regard  to  the  internal  arrange- 
ment of  the  chemical  molecules  of  which  it  is  composed. 

17.  The  molecular  refraction  and  dispersion  of  the  crystals  of  the 
three  salts,  whether  calculated  by  the  formuloe  of  Lorenz  or  Glad- 
stone and  Dale,  increase  with  the  atomic  weight  of  the  contained 
metal,  rubidium  sulphate  being  again  intermediate  in  this  respect. 
The  increase  becomes  greater  as  the  atomic  weight  rises,  so  that  the 
differences  between  the  constants  for  the  caesium  and  rubidium  salts 
are  greater  than  those  between  the  constants  for  the  rubidium  and 
potassium  salts.  These  statements  are  equally  true  whatever  direc- 
tion in  the  crystal  is  chosen  for  comparison,  and  as  regards  the 
refraction  for  whatever  wave-length  the  comparison  is  made.  It  is 
observed,  however,  that  the  increase  along  the  direction  of  the  verti- 
cal axis  c  proceeds  at  a  somewhat  slower  rate  than  along  the  directions 
of  the  two  lateral  axes,  in  which  two  latter  directions  the  rate  of 
increase  is  almost  identical.  These  relationships  are  independent  of 
the  temperature. 

18.  It  has  now  been  shown  that  a  regular  progression  is  observed 
in  the  crystallographical  characters  of  the  three  sulphates  under  con- 
sideration, corresponding  to  the  progression  in  the  atomic  weight  of 
the  metal  which  they  contain.  With  regard  to  every  property, 
whether  morphological  or  physical,  the  rubidium  salt  stands  inter- 
mediate between  the  potassium  and  the  caesium  salt.  The  replacement 
of  rubidium  by  caesium,  however,  is  generally  accompanied  by  a 
greater  modification  of  the  crystallographical  characters  than  when 
potassium  is  replaced  by  rubidium,  the  heavier  atom  exerting  an  in- 
fluence greater  than  in  mere  simple  proportion  to  the  increase  in  atomic 
weight.  The  comparative  results  for  the  different  properties  are  all 
in  line  with  each  other,  the  relations  of  the  amounts  of  change  along 
the  directions  of  the  three  crystallographic  axes  being  similar  with 
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respect  to  all.  Moreover,  the  progression  according  to  the  atomic 
weight  of  the  alkali  metal  is  perceptible  with  regard  to  the  minutest 
details  of  the  physical  phenomena  presented  by  the  crystal,  and  is 
entirely  independent  of  the  temperature.  It  may  therefore  be  finally 
stated  that — 

The  ivTiole  of  the  crystallographical  properties  of  the  strictly  isomorph- 
oiis,  rhombic,  normal  sulphates  of  potassium,  ruhidiitm,  and  ccesium,  are 
functions  of  the  atomic  weight  of  the  metal  which  they  contain. 

The  author  is  now  engaged  on  the  physical  section  of  the  investiga- 
tion of  the  double  sulphates.  The  research  is  also  being  extended  to 
the  corresponding  simple  and  double  selenates  of  the  same  three 
alkali  metals,  the  salts  for  this  purpose  being  now  in  course  of  pre- 
paration. It  is  also  hoped  eventually  to  include  in  the  scope  of  this 
investigation  the  analogous  simple  and  double  salts,  of  both  sulphuric 
and  selenic  acids,  containing  ammonium  and  thallium. 


LIII. — Conversion  of  Ortho-  into  Para-,  and  of  Para- 
into  Ortho-quinone  Derivatives.  Part  III.  The 
Hydroximes  of  the  Lapachol  Group. 

By  Samuel  C.  Hooker  and  Ellwood  Wilson. 

In  former  communications,  it  was  shown  by  one  of  us  that  compounds 

of  the  general  formula  ,  when  treated   with    mineral 

o 

acids  under  suitable  conditions,  are  frequently  quantitatively  con- 
verted into  pseudo-anhydrides,  or  derivatives  of  /3-naphthaquinone. 
The  present  investigation  shows  that  the  same  unexpected  change 
from  para-  to  ortho-quinone  derivatives,  occurs  in  certain  cases  at  least, 
when  a  diad-gi'oup  is  substituted  for  the  quinonic  oxygen  adjoining 
the  hydroxyl-group.     The  hydroximes  of  the  lapachols  are  compounds 

O 

•of  this  type,  the  general  formula  of  which  may  be  written  . 

NOH 

This  formula  is  deduced  from  the  considerations  given  below. 

Lapachol  hydroxime  was  first  prepared  by  Paterno  and  Minunni 
■{Gazzetta,  19,  612)  at  a  time  when  the  nature  of  the  quinone-group 
in  lapachol  was  still  a  matter  of  considerable  doubt ;  the  constitution 
of  the  hydroxime  was  not,  therefore,  discussed  by  these  chemists.     It 

3  D  2 


718  HOOKER  AND  WILSON; 

has,  however,  since  then  been  demonstrated  that  lapachol  is  a  deriva- 
tive of  /3-hydroxy-a-naphthaquinone,  and  consequently  the  hydroxime 
must  have  one  of  the  following  formulae. 

O  NOH 


OH  '.      Jv     iOH 

NOH  O 

Similarlv,  since  /3-lapachone,  the  isomeric  substance  into  which 
lapachol  is  converted  by  concentrated  sulphuric  acid,  is  a  yS-naphtha- 
quinone  derivative,  one  of  the  following  formulae 

^\  % 

v/^-CjHio  |/^,/^-C,H,o 

o 

must    be    assigned    to    the   hydroxime    prepared    by    Paterno    and 
Minuuni  (Gazzetta,  19,  613)  from  /3-lapachone. 

By  means  of  a  very  simple  experiment,  we  have  been  able  to  deter- 
m^ine  simultaneously  which  of  the  above  formulae  are  the  correct 
ones.  We  have  found  that  when  lapachol  hydroxime  is  treated  with 
concentrated  mineral  acids,  it  is  converted  into  the  hydroxime  which 
Paterno  and  Minunni  obtained  by  the  direct  action  of  hydroxylamine 
on  /3-lapacbone,  a  change  which  corresponds  precisely  with  the  con- 
version of  lapachol  into  yS-lapachone  (Trans.,  1892,  61,  618). 
O  Ox 

^C5H,  /YN-CH,, 


OH  .^y^^O 

O 
Lapachol.  /3-lapachone. 

Now,  since  only  one  of  the  ZiCO  groups  originally  present  in 
lapachol  remains  in  the  y3-lapachone  molecule,  it  is  evident  that  the 
oxygen  of  this  must  be  replaced  by  the  ZZN'OH  group  in  the 
hydroximes,  otherwise  the  conversion  of  the  hydroxime  of  lapachol 
into  that  of  ;3-lapachone  could  not  occur. 

OH  0\ 

'\aH»  ,^/N-C.H,„ 


NOH  NOH 

Lapachol  hydroxime.  )3-lapachone  hydroxime. 

But  apart  from  the  interest  which  the  change  possesses  in  deter- 
mining the  position  of  the  ZZN'OH  group,  the  conversion  of  lapachol 
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hydroxime  into  /3-lapaclione  hydroxime  simultaneously  proves  that 
the  substitution  of  3lN*0H  for  the  quinonic  oxygen  has  not  changed 
the  tendency  which  exists  towards  the  formation  of  pseudo-anhydrides 
or  /3-naphthaquinone  derivatives. 

The  hydroxime  of  hydroxyhydrolapachol  is  also  converted  by  the 
action  of  mineral  acids  into  the  hydroxime  of  /3-lapachone,  and  con- 
sequently these  hydroximes  are  related  as  follows. 
O  0\^ 


NOH  NOH 

But  while  the  hydroximes  of  both  lapachol  and  hydroxyhydro- 
lapachol are  almost  entirely  converted  by  mineral  acids  into 
/3-lapachone-hydroxime,  a  secondary  reaction  also  occurs,  and  we  have 

AA-CsH,„ 
succeeded  in  isolating  in  both  cases  the  compound  I        , 

NOH 

a-lapachone  hydroxime,  which  we  also  obtained  by  the  direct  action 
of  hydroxy lamine  on  a-lapachone. 

We  have  also  found  that  precisely  as  a-lapaohone  is  converted  by 
the  action  of  concentrated  sulphuric  acid  into  /3-lapachone,  so  the 
hydroxime  of  the  former  can  be  slowly  converted  into  the  hydroxime 
of  the  latter.  We  have  not,  however,  been  able  to  effect  the  converse 
change,  although  it  has  been  shown  (Trans.,  1892,  61,  621  and  636) 
that  ^-lapachone  itself  is  readily  converted  into  a-lapachone  by 
treatment  with  concentrated  hydrochloric  acid. 

If  further  evidence  of  the  close  relation  existing  between  lapachol 
and  ^-hydroxy-a-naphthaquinone  were  necessary,  it  could  be  found  in 
the  great  similarity  between  the  hydroximes  of  these  compounds  ; 
several  of  the  reactions  described  by  Kostanecki  (Ber.,  22,  1343)  as 
characteristic  of  the  hydroxime  of  hydroxy-a-naphthaquinone  being 
equally  so  of  lapachol  hydroxime. 

Of   the  two  possible  formulae  for   the   hydroxime   of  hydroxy-a- 

O 

/\y\ 

naphthaquinone,  Kostanecki  (5er.,  22, 1342)  has  selected 

NOH 

as  the  more  probable,  a  conclusion  which  is  indirectly  strengthened 
by  our  experiments  proving  for  the  lapachol  hydroximes  the  corre- 
sponding formula. 
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EXPBRIMEKTAL    PaET. 

o 


/Wh, 


liapachol  hydroxime, 


NOH 


The  hydroxime  of  lapachol  is  best  prepared  in  an  aqueous  and 
strongly  alkaline  solution.  3  grams  of  lapachol  are  dissolved  in 
80  c.c.  of  a  5  per  cent,  solution  of  sodium  hydroxide,  and  1'25  grams 
of  hydroxylamine  hydrochloride  added;  the  intensely  carmine-red 
colour  of  the  solution  rapidly  passes  into  an  orange-brown,  and  the 
action  is  complete  at  ordinaiy  temperatures  in  a  very  few  min- 
utes. After  a  quarter  of  an  hour  or  so  the  solution  is  diluted  with 
about  300  c.c.  of  water,  and  acidified  with  acetic  acid;  the  pale 
yellow  semi-resinous  precipitate  which  is  formed  gradually  becomes 
crystalline,  and  is  then  collected  and  washed. 

For  analysis  the  hydroxime  was  twice  crystallised  from  alcohol, 
and  dried  at  75—80°. 

I.  0-2406  gram  gave  0-6114  CO^  and  0*1301  H^O. 
II.  0-2505     „        „     0-6408  CO2   „    0-1346  H2O. 

Found. 

Calculated  for  , '^ ^ 

C15H15NO3.  I.  II.  Paterna  found. 

C 70-03  69-30        6976  — 

H 5-83  6-00  5-97  — 

N 5-44  —  —  5-69 

The  hydroxime  was  found  to  be  identical  with  that  prepared  as 
directed  by  Paterno  (Gazzetta,  19,  612). 

Lapachol  hydroxime  has  not  a  constant  melting  point ;  when 
rapidly  heated  it  commences  to  darken  somewhat  above  160°,  and  is 
converted  at  about  180°  into  an  almost  black  mass,  which,  on  closer 
examination,  proves  to  be  dark  red ;  ammonia  is  simultaneously 
evolved.*  The  fused  substance  dissolves  in  alcohol  or  acetic  acid 
forming  an  intensely  purple-red  solution,  whilst  in  concentrated  sulph- 
uric acid  it  is  dark  bottle-green. t  On  the  addition  of  a  small  quantity 
of  acetic  acid  to  the  latter  solution,  the  green  changes  to  a  brilliant 
and  remarkably  intense  blue,  and  if  the  quantity  of  acetic  acid  is  then 
sufficiently  increased,  the  blue  solution  develops  a  purple  fluorescence. 
These  colour  changes  are  very  striking,  and,  owing  to  the  intense 

*  When  slowly  heated,  tlie  same  changes  can  be  effected  at  a  considerably 
lower  temperature. 

+  Water  precipitates  an  indigo-blue  substance  from  the  dark  green  sulphuric 
acid  solution. 
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colouring  power  of  the  substances  produced,  thej  can  be  observed  on 
using  the  merest  trace  of  the  hjdroxime. 

Lapacholhydroxime  is  deposited  from  alcohol,  in  which  it  is  very 
soluble,  in  small  yellow  plates  or  scales,  usually  grouped  together  in 
rosettes.  A  preparation  wliich  had  been  kept  several  months  was 
found  to  have  a  considerable  number  of  apparently  black  specks  dis- 
tributed through  it.  When  seen  with  the  microscope  these  were 
found  to  be  darlc  red  spots  enclosed  within  the  crystals.  The  sub- 
stance was  thus  probably  gradually  undergoing  the  change  above 
referred  to  as  rapidly  effected  by  heat. 

In  its  behaviour  with  ferrous  and  ferric  salts,  the  hydroxime  of 
lapachol  almost  exactly  resembles  the  hydroxime  prepared  by  Kosta- 
necki  from  hydroxynaphthaquinone  (Ber.,  24,  1342).  For  this  and 
the  following  tests,  the  substance  was  dissolved  in  alcohol.  Ferrous 
sulphate  coloured  the  solution  olive-green,  and  gave  a  dark  green 
precipitate  ;  ferric  chloride  gave  a  dark  brown  solution  and  precipi- 
tate ;  sulphate  of  nickel  coloured  the  solution  carmine,  bat  the  colour 
changed  almost  instantly,  and  a  violet  precipitate  was  formed. 

Lapachol  hydroxime  is  converted  by  concentrated  sulphuric  acid 
into  /3-lapachone  hydroxime,  a  small  quantity  of  the  hydroxime  of 
a-lapachone  being  also  formed.  1  gram  was  dissolved  in  10  c.c.  of 
the  concentrated  acid,  and  the  solution  poured  into  a  relatively  large 
volume  of  water ;  the  orange-yellow,  semi-resinous  substance  which 
separated  soon  became  crystalline.  This  was  washed,  dried,  and 
crystallised  from  alcohol  ;  the  golden-yellow  needles  thus  obtained 
were  identified  as  /3-lapachone  hydroxime  by  their  melting  point  and 
other  properties.  The  alcoholic  mother  liquor,  when  concentrated 
by  evaporation,  deposited  an  additional  quantity  of  ;3-lapachone 
hydroxime,  and  also  small,  pale  yellow,  diamond-shaped  plates  which 
were  subsequently  identified  as  crystals  of  a-Iapachone  hydroxime. 

It  was  found  that  the  hydroximes  could  be  readily  separated  by  a 
1  per  cent,  solution  of  sodium  hydroxide ;  this  rapidly  takes  up 
a-lapachone  hydroxime,  leaving  /3-lapachone  hydroxime  almost  en- 
tirely undissolved.  The  solution  must  not,  however,  be  heated,  as 
both  hydroximes  dissolve  if  the  temperature  be  sufficiently  raised. 
The  alkaline  solution  was  acidified  with  hydrochloric  acid,  and  the 
nearly  white,  voluminous  precipitate,  after  crystallisation  from  alco- 
hol, was  identified  as  a-lapachone  hydroxime  by  its  characteristic 
sodium  derivative,  by  its  melting  point,  crystalline  form,  and  other 
properties  (compare  p.  723). 

The  action  of  concentrated  hydrochloric  acid  on  lapachone  hydr- 
oxime is  similar  to  that  of  sulphuric  acid.  0'25  gram  of  the  finely 
powdered  substance  was  immersed  in  10  c.c.  of  hydrogen  chloride, 
sp.  gr.  1'20.     The  flask  was  corked  and  allowed  to  stand  for  10  days, 
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when  it  was  found  that  the  original  substance  had  entirely  disap- 
peared, orange  needles  having  formed  in  its  place.  The  contents  of 
the  flask  were  poured  into  water,  and  the  crystals,  probably  an 
additive  product  of  /3-lapachone  hydroxime  and  hydrogen  chloride, 
were  decomposed,  becoming  at  first  slightly  resinous ;  after  crystalli- 
sation from  alcohol,  the  compound  was  recognised  as  y3-lapachone 
hydroxime. 

In  addition  to  yS-lapachone  hydroxime,  the  alcoholic  mother  liquor, 
after  concentration,  deposited  small  quantities  of  a-lapachone,  possi- 
bly derived  from  a-lapachone  hydroxime,  which  it  is  probable  is 
formed  in  small  quantity  under  the  above  conditions  (compare 
p.  721). 

SydroxyJiydrolapachol  Hydroxime. 
O 

NOH 

This  compound  was  prepared  by  dissolving  4  grams  of  hydroxy- 
hydrolapachol  in  300  c.c.  of  a  1  per  cent,  solution  of  sodium  hydr- 
oxide, and  adding  V7  grams  of  hydroxylamine  hydrochloride,  the 
whole  being  allowed  to  stand  for  some  hours  in  the  cold.  During 
this  time,  the  colour  of  the  solution  changed  from  a  claret-red  to  an 
orange  or  brown.  The  hydroxime  was  then  precipitated  with  acetic 
acid  ;  it  separated  as  a  resin  which  gradually  became  crystalline.  It 
was  washed  and  dried,  and  then  crystallised,  with  the  addition  of  a 
little  animal  charcoal,  from  alcohol,  in  which  it  is  very  soluble.  It 
separates  slowly  in  yellow  tablets  or  prisms,  which,  under  favourable 
conditions,  grow  to  a  considerable  size.* 

The  following  figures  were  obtained  on  analysis. 

I.  0*1835  gave  8'6  c.c.  moist  nitrogen  at  21°  and  761  mm.    N  =  5"33 
II.  01559    „     0-3730  CO^  and  0-0912  H^O.     C  =  6525 ;  H  =  6-49. 
CisHnNOi  requires  C  =  65-45  ;  H  =  6-18 ;  N  =  509  per  cent. 

The  hydroxime  melts  to  an  orange  liquid  which  rapidly  blackens. 
The  temperature  at  which  fusion  occurs  is  not  constant,  but  depends, 
to  some  extent,  on  the  rate  of  heating.  We  found  that  when  the 
temperature  was  comparatively  rapidly  raised,  the  substance  melted 
and  decomposed  at  about  165 — 170°. 

Concentrated  sulphuric  acid  converts  it  into  the  hydroximes  of  a- 
and  yS-lapachone  ;  the  former,  however,  is  obtained  in  relatively  small 
quantity.      The  conversion  was  effected  as  previously  described  for 

*  On  evaporation,  the  alcoholic  mother-liquor  gave  an  additional  quantity  of  the 
hydroxime,  but  this  was  mixed  with  a  few  small  red  needles,  probably  i3-lapachone. 
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lapachol  hydroxime  ;  and  the  resulting  hydroxiraes  were  separated 
by  treating  the  mixture  with  I  per  cent,  sodium  hydroxide  (compare 
p.  721). 

o 

o 

a-Lapachol  does  not  interact  with  hydroxylamine  hydrochloride 
when  heated  with  it  in  alcoholic  solution  for  a  short  time.  This  fact 
was  taken  advantage  of  (Trans.,  1892,  61,  634  and  635)  in  the  sepa- 
ration of  small  quantities  of  a-lapachone  from  yS-lapachone,  which, 
under  these  conditions,  readily  forms  a  hydroxime,  which  is  much 
less  soluble  than  a-lapachone,  and  consequently  can  be  easily  sepa- 
rated by  fractional  crystallisation. 

a-Lapachone  does  interact  readily,  however,  with  hydroxylamine  in 
alkaline  solution,  and  the  resulting  compound  can  be  very  satisfac- 
torily prepared  as  follows.  3  grams  of  a-lapachone  and  2  grams  of 
hydroxylamine  hydrochloride  are  dissolved,  with  the  aid  of  gentle 
heat,  in  50  c.c.  of  alcohol,  and  20  c.c.  of  a  10  per  cent,  solution  of 
sodium  hydroxide  are  then  added  ;  after  standing  about  20  minutes, 
the  solution  is  diluted  with  400  c.c.  of  water,  and  acidified  with 
dilute  hydrochloric  acid.  The  bulky,  almost  white  precipitate  of  the 
hydroxime  which  separates  immediately  is  collected,  washed  with 
water,  and  crystallised  from  alcohol,  a  little  animal  charcoal  being 
used.  The  compound  is  thus  obtained  in  pale  yellow,  diamond- 
shaped  tablets.  After  recrystallisation,  the  following  figures  were 
obtained  on  analysis. 

I.  0-1736  gave  8*4  c.c.  moist  nitrogen  at  24°  and  767  mm.    "N"  =  5-47. 

II.  0-2426     „     0-6239  CO2  and  01247  H^O.     C  =  70-13  ;  H  =  6-71. 

C15H15NO3  requires  C  =  70-03 ;  H  =  5-83 ;  N  =  5-44  per  cent. 

a-Lapachone  hydroxime  melts  with  decomposition,  forming  an 
intense  black  liquid  which  runs  up  the  capillary  tube.  The  melting 
point  depends  to  a  slight  extent  on  the  rapidity  with  which  the  sub- 
stance is  heated.  When  the  temperature  is  quickly  raised,  it  com- 
mences to  darken,  and  also  shows  signs  of  incipient  fusion  below 
200°,  the  larger  portion  of  the  substance,  however,  melts  at  about 
204°. 

The  sodium  derivative  of  a-lapachone  hydroxime  is  very  charac- 
tei-istic,  usually  crystallising  in  light,  fluffy  tufts  of  salmon-coloured 
needles  ;  it  was  also  sometimes  obtained  as  small  orange  tablets  or 
prisms,  essentially  different  in  colour  and  appearance  from  the 
needles  just  referred  to.  To  prepare  the  salt,  the  hydroxime  is  dis- 
solved in  a  1  per  cent,  solution  of  sodium  hydroxide,  and  a  more  con- 
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centrated  solution  of  the  alkali  is  then  added  ;  the  salt  crystallises 
out  slowly  on  standing. 

a-Lapachone  hydroxime  dissolves  in  concentrated  sulphuric  acid  to 
a  red,  somewhat  of  a  scarlet,  solution,  from  which  water  reprecipi- 
tates  the  substance  practically  unchanged.  If,  however,  previous  to 
the  addition  of  water,  the  solution  be  allowed  to  stand,  /3-lapachone 
hydroxime  is  slowly  formed.  0*25  gram  of  a-lapachone  hydroxime 
■was  dissolved  in  10  c.c.  of  concentrated  sulphuric  acid,  and  after 
about  48  hours  poured  into  water  ;  the  precipitate,  which  at  first 
was  resinous,  soon  hardened,  and  after  crystallisation  from  alcohol, 
the  substance  was  identified  as  /3-lapachone  hydroxime.  A  small 
quantity  of  unchanged  a-lapacbone  hydroxime  was  deposited  from 
the  alcoholic  mother  liquor  on  concentrating  it. 

a-Lapachone  hydroxime  becomes  slightly  orange  when  moistened 
with  concentrated  hydrochloric  acid,  but  the  crystalline  additive  pro- 
duct thus  formed  readily  decomposed  by  water.  Some  of  the  finely 
powdered  hydroxime  was  immersed  in  concentrated  hydrochloric 
acid,  and  allowed  to  remain  for  two  days  in  a  corked  flask.  The 
small,  crystalline  plates  which  had  formed  were  then  decomposed  by 
the  addition  of  water  and  dissolved  in  alcohol ;  the  solution  deposited 
crystals  of  unchanged  a-lapachone  hydroxime ;  crystals  of  a-lap- 
achone were  also  obtained  in  small  quantity  on  allowing  the  alco- 
holic mother  liquor  to  evaporate  spontaneously  to  dryness.  The  two 
substances  were  easily  separated,  a-lapachone  being  almost  entirely 
insoluble  in  a  cold  1  per  cent,  solution  of  sodium  hydroxide. 

That  the  formula  of  a-lapachone  hydroxime,  as  above  given,  cor- 
rectly represents  the  position  of  the  ZZN'OH  group,  is  proved  by  the 
formation  of  the  hydroxime  from  the  hydroxime  of  lapachol  and  also 
from  that  of  hydroxyhydrolapachol. 

r^^  v,H,o 

^-Lapachone  hydroxime, 

N-OH 

This  compound  has  been  already  fully  described  by  Paterno  and 
Minunni  (Gazzetta,  19,  613),  who  prepared  it  by  the  direct  action  of 
hydroxylamine  hydrochloride  on  yS-lapachone.  We  have  also  obtained 
it,  as  described  in  the  previous  pages,  by  the  action  of  concentrated 
sulphuric  acid  on  the  hydroximes  of  lapachol,  hydroxyhydrolapachol, 
and  a-lapachoue.  All  the  preparations  of  the  compound  obtained  by 
us  in  different  ways,  including  a  preparation  from  /3-lapachone, 
melted  at  167°.  Paterno  and  Minunni  gave  a  slightly  higher  tem- 
perature, 168"5 — 169'5°,  as  its  melting  point. 
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/3-Lapachone  hydroxime  when  immersed  in  conceutrated  hydro- 
chloric acid,  sp.  ^r.  1*20,  slowly  dissolves,  and  orange  needles  of  an 
additive  compound  are  deposited ;  these  are  decomposed  by  water. 

Philadelphia,  U.S.A. 


LIV. — The  Boiling  Points  of  Homologous    Compounds. 

Part  II. 

By  James  Walker,  D.Sc,  Ph.D.,  F.R.S.E. 

In  a  previous  communication  (this  vol.,  p.  193),  I  showed  that  it  is 
possible  to  express  the  boiling  points  of  any  one  series  of  the  normal 
ethers  by  means  of  the  formula 

T  =  aW, 
in  which  T  is  the  boiling  point  measured  in  the  absolute  scale  of 
temperature,  M  the  molecular  weight,  and  a  and  b  constants  for  the 
series,  with  values  varying  from  series  to  series. 

I  have  now  extended  the  application  of  the  formula  to  other  groups 
of  compounds,  and  in  the  present  paper  communicate  the  results  I 
have  obtained. 

The  first  class  of  substances  examined  were  the  ethereal  salts  of  the 
normal  fatty  acids,  which  in  many  of  their  physical  properties 
present  close  analogies  to  the  ethers,  and  so  might  be  expected  to  fall 
under  the  same  type  of  boiling-point  formula  as  is  valid  for  the 
latter.  This  I  found  to  be  actually  the  case,  as  the  following  tables 
will  suflBce  to  show.  The  data  used  were  those  given  by  Beilstein  in 
his  Handhuch,  and  by  Gartenmeister  (Annalen,  233,  294).  Occasion- 
ally, the  divergences  between  the  boiling  points  found  by  different 
observers  are  considerable,  and  in  such  cases  I  have  either  taken  the 
mean  of  the  various  values,  or  selected  that  which  from  internal 
evidence  appeared  the  most  trustworthy. 

Methylic  salts  of  Normal  Fatty  Acids. 
T  =  38-28  W'^'''. 


Acid. 


Acetic  . .  . 
Propionic 
Butyric . . 
Valeric  . . 
Caproic . . 
Heptylic . 
Octylic  , , 
Nonylic. . 


T. 


57-3° 
79-5 
102-3 
127-3 
149-6 
172-1 
192-9 
213-0 


330 
352 

375 
400 
422 
445 
465 
486 


T  (calc). 


320-5 
349-1 
375-5 
400-1 
423-2 
445-1 
466-1 
486-1 


Difference. 


-9-8 
-3-4 
+  0-2 
-0-2 
+  0-6 

0 
+  0-2 
+  0-1 
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Here,  in  the  case  of  the  methylic  ethereal  salts,  we  have  exactly  the 
same  behaviour  as  was  observed  with  the  methyl  ethers  {loc.  cit., 
p.  197)  :  the  formula  which  applies  to  the  higher  members  of  the 
series  gives  quite  erroneous  values  for  the  first  two  members. 

JSthylic  Salts. 
T  =  37-76  M^-^^^ 


Acid. 


Acetic 

Propionic 

Butyric 

Valeric 

Heptylic 

Octylic 

Nonylic 

Decylic < 

Undecylic 


T. 


77-5° 

98-8 

120-9 

144-7 

166-6 

187-1 

205-8 

216—219 

227—228 

244 


350-5 
371-8 
393-9 
417-7 
439-6 
460-1 
478-8 
489—492 
500—501 
517 


T  (calc). 


344-3 
370-4 
394-6 
417-4 
439  0 
459-7 
479-4 

-498-3 

516-4 


Difference. 


-6-2 
-1-4 
+  0-7 
-0-3 
-0-6 
-0-4 
+  0-6 

? 

-0-6 


Here  the  first  member  alone  is  decidedly  abnormal  in  its  boilii 
point. 

PropyUc  Salts. 

T  =  37-76  M""". 


Acid. 

t. 

T. 

T  (calc). 

Difference. 

101-8° 

122-6 

143-2 

167-5 

185-5 

206-4 

224-7 

374-8 
395-6 
416-2 
440-5 
458-5 
479-4 
497-7 

370-3 
394-7 
417-4 
439-0 
459-7 
479-4 
498  -3 

-4-5 

-0-9 

+  1-2 

-1-5 

+  1-2 

0 

—0-6 

The  data  for  the  propylic  salts  are  vei-y  unsatisfactory,  the  differ- 
ences between  the  values  given  by  Gartenmeister  and  those  of  other 
observers  often  amounting  to  several  degrees.  This  accounts  for 
the  comparatively  large  differences  found  between  the  calculated  and 
observed  boiling-points,  a  fact  further  borne  out  by  the  irregular 
distribution  of  the  +  and  —  signs  amongst  these  differences,  which 
indicates  a  large  experimental  error. 

When  we  compare  the  constants  for  the  three  series  we  find  that 
they  are  as  follows  : — 

Methyl.  Ethyl.  Propyl. 

a 38-28  37-76  37-76 

h 0-4937  0-4937  04937 
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The  constant  a  varies  very  little,  whilst  h  remains  ahsolutely  the 
same.  The  identity  of  the  values  of  a  in  the  case  of  the  ethylic  and 
propylic  series  is  no  doubt  accidental,  and  due  to  the  faulty  data  for 
the  propylic  salts. 

When  two  series  have  exactly  the  same  constants,  the  isomeric  sub- 
stances belonging  to  them  have  the  same  boiling-point;  thus,  for 
example,  propylic  propionate  should  have  the  same  boiling-point  as 
ethylic  butyrate.  We  find,  on  comparing  the  two  series,  that  the 
differences  amount  to  more  than  a  degree  and  are  irregular,  being 
sometimes  positive  and  sometimes  negative,  in  accordance  with  the 
general  irregularity  exhibited  by  the  propylic  salts. 

A  consequence  of  the  very  small  variations  of  the  constants  for  the 
different  series  is  that,  when  we  arrange  the  ethereal  salts  in  series 
according  to  their  acids,  they  should  then  come  under  a  formula  with 
practically  the  same  constants.  I  have  therefore  calculated  the  values 
for  the  alkyl  acetates,  and  the  following  table  will  serve  to  show  that 
this  indeed  occurs,  the  two  first  members  being  again  exceptional. 

Alkyl  Acetates. 
T  =  3811  MO'^". 


Alkyl. 


Methyl 
Ethyl  . 
Propyl. 
Butyl  . 
Amyl. . 
Heiyl . 
Heptyl 
Octyl.. 


T. 


330-3 
350-5 
374-8 
397-4 
421  -4 
442-2 
464-5 
483 


T  (calc). 

319-0 

347-5 

373-8 

398-3 

421-3 

443-0 

464-0 

483-8 

Difference. 


-11-3 

-  3-0 
-1-0 
+  0-9 
-0-1 
+   0-8 

-  0-5 
+   0-8 


The  value  of  b  was  chosen  equal  to  that  previously  found,  and  it 
will  be  seen  that  the  resulting  value  of  a  is  intermediate  between  the 
values  for  the  metbylic  and  ethylic  series. 

As  the  boiling  point  at  the  atmospheric  pressure  is  only  one  parti- 
cular example  selected  from  the  range  of  possible  boiling  points,  I 
thought  it  of  interest  to  determine  whether  the  formula  T  =  aM*  is 
valid  for  boiling  points  at  pressures  other  than  that  of  the  atmosphere. 
Some  data  for  the  boiling  points  of  ethereal  salts  of  fatty  acids,  at 
different  pressures,  are  given  by  Schumann  (Wiedmann's  Annalen,  12, 
40),  and  these  were  sufficient  to  show  that  the  formula  is  not  only 
valid,  but  that  the  constant  h  still  retains  its  value  unchanged,  and  that 
a  varies  very  little  from  series  to  series.  I  do  not  hei-e  reproduce  the 
tables  calculated  by  me,  as  the  data  are  only  for  short  series,  and  I 
shall  give  examples  of  longer  series  in  the  case  of  the  hydrocarbons. 
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An  interesting  deduction,  however,  may  be  drawn  from  the  constancy 
of  h  at  different  pressures.  If  we  take  two  substances  belonging  to 
the  same  series,  we  have  for  their  boiling  points,  at  a  certain 
pressure,  p, 

T  =  aM*  and  Tj  =  aMj*. 

At  another  pressure,  p\  we  have  the  boiling  points 
T'  =  a'M*  and  T/  =  a'M.K 

M,  Ml,  and  h  remain  the  same  throughout ;  so,  by  dividing  each 
equation  of  the  first  pair  by  the  corresponding  equation  of  the  second 
pair,  we  obtain 

T         a        ,  T,        a.       ,  T         Ti 

_  =  _,,d  -,  =  --„  whence -,=^. 

That  is,  if  h  remains  constant  for  different  pressures,  the  ratio  of  the 
boiling  points  (expressed  in  the  absolute  scale)  at  any  two  given 
pressures  will  remain  the  same  for  all  members  of  the  homologous 
series.  The  following  tables,  compiled  from  Schumann's  data,  show 
the  accuracy  of  this  deduction  in  the  case  of  the  ethereal  salts  of  the 
fatty  acids. 

Formates. 

Alkyl.  B.  p.  at  1300  mm,  B.  p.  at  200  mm.  Ratio. 

Methyl 320-1  2737  0-855 

Ethyl 343-2  293-1  0-854 

Propyl 371-3  318*0  0-856 

(Isobutyl) 388-8  332-4  0-855 

Amyl 416-7  356-2  0-855 

Acetates. 

Alkyl.          B.  p.  at  1300  mm.  B.  p.  at  200  mm.  Ratio. 

Methyl 346-0                     2965  0-857 

Ethyl 367-3                    314-4  0-856 

Propyl 392-2                    336-1  0-857 

(Isobutyl) 408-6                    349-6  0-856 

Propionates. 

Alkyl.          B.  p.  at  1300  mm.  B.  p.  at  200  mm.  Ratio. 

Methyl 370-0  316-7  0-856 

Ethyl 389-9  333-7  0856 

Propyl 414-7  355-0  0856 

(Isobutyl) 429-9  368-0  0856 

Amyl 454-2  389-9  0-858 

It  will  be  observed  that  the  ratios  are  not  only  the  same  in  each 
series,  bat  are  the  same  for  all  the  series.  This  depends  on  the  very 
slight  variability   of  the   constant   a   in   the   various   series  of  the 
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ethereal  salts,  for  if  a  and  a'  differ  but  little  from  series  to  series,  the 
ratio  aja'  will  remain  sensibly  constant. 

Ramsay  and  Young  (Phil.  Mag.,  21,  33  and  22,  37)  found  that  if 
T  and  T2  were  the  absolute  boiling  points  of  any  two  substances  at  a 
pressure  p,  T'  and  Ti'  their  boiling  points  at  a  pressure  p',  the  fol- 
lowing relation  held  good. 

T'  T 

^  =  £.  +  c(T  -  T). 

In  the  case  of  closely  related  substances  the  constant  c  becomes 
zero,  so  that  the  relation  assumes  the  form 

^  =   'L 
Ti'         Tx ' 

that  is,  the  ratio  of  the  boiling  points  of  such  substances  is  indepen- 
dent of  the  pressure.  This  relation  is  the  same  as  that  which  was 
deduced  for  the  ethereal  salts  from  a  consideration  of  the  formula 

T         T 
T  =  aM*,  for,  if  in  the  proportion  _ ^  =  — i^,    we    interchange    the 

T         T' 

means,  we  obtain  -—  =  —-^,  Ramsay  and  Young's  formula. 
Ti       Ti 

The  fatty  acids  exhibit  regularly  decreasing  differences  of  boiling 

point  as  the  series  is  ascended,  so  that  it  appeared  not  improbable 

that  they  would  fall  under  the  formula  T  =  aM*,  although  with  them 

the  constants  would  have  to  assume  very  different  values  from  those 

of  their  ethereal  salts.     This  is  borne  out  by  the  following  table. 

Normal  Fatty  Acids. 
T  =  103-275  W^-. 


Acid. 


t. 


T. 


T  (calc). 


Difference. 


Acetic  .. 
Propionic 
Butyric . . 
Valeric  . . 
Caproic . . 
Heptylic  . 
Octylic  . . 
Nonylic. . 


118-0° 

140-6 

163-2 

184-5 

204-5 

223 

237 

254 


391-0 

413-6 

436-2 

457-5 

477-5 

496 

510 

527 


386-0 
412-9 
436-6 
457-9 
477-3 
495-1 
511-7 
527-2 


-5-0 
-0-7 
+  0-4 
+  0-4 
-0-2 
-0-9 
+  1-7 
+  0-2 


The  divergence  in  the  case  of  octylic  acid  is  almost  certainly  due  to 
an  error  of  observation, 

A  very  extensive  material  for  the  application  of  the  formula  is 
offered  by  the  normal  saturated  hydrocarbons,  whose  boiling  points 
were  determined  at  several  different  pressures  by  Krafft.  It  at  once 
became  evident  that  the  formula  is  not  valid  for  the  whole  range 
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from  CH4  to  C19H40,  but  for  a  range  of  10  hydrocarbons  it  can  be 
applied  with  success,  so  that  in  this  respect  it  is  on  at  least  an  equal 
footing  with  other  formulae  which  have  been  proposed,  and  superior 
to  them  in  point  of  simplicity.  In  this  particular  case  the  formula  is 
unusually  simple,  for  the  constant  h  becomes  equal  to  0-5,  the  curve 
of  boiling  points  being,  therefore,  a  true  parabola.  Not  only  is  the 
value  of  b  equal  to  0-5  at  the  atmospheric  pressure,  but,  as  with  the 
ethereal  salts,  this  value  may  be  retained  for  other  pressures. 

Normal  Paraffins  at  760  Tnm. 
T  =  37-38  M"*. 


Hydrocarbon, 

t. 

T. 

T  (calc). 

Difference. 

C-H,. 

100-5° 

125-5 

149-5 

173 

194-5 

214-5 

234 

252-5 

270-5 

287-5 

373  -5 

398-5 

422-5 

446 

467-5 

487-5 

507 

525-5 

543-5 

560-5 

373-8 
399-1 
422-9 
445-5 
466-8 
487-2 
507-3 
526-0 
544-1 
561-9 

+  0-3 

+  0-6 

+  0-4 

-0-5 

-0-7 

—0-3 

+  0-3 

+  0-5 

+  0-6 

+  1-4 

In  this  table,  as  in  the  other  tables  for  the  hydrocarbons,  where 
the  boiling  points  are  not  known  with  accuracy  to  less  than  a  degree, 
the  decimals  of  a  degree  in  the  calculated  values  are  only  approxi- 
mate, and  may  be  0-2  or  O'S  out  in  extreme  cases.  To  show  how  far 
the  formula  diverges  from  the  true  values  at  the  worst,  it  may  be 
mentioned  that  the  boiling  point  of  methane  as  calculated  is  —  123°, 
observed  value  being  given  as  —  155°  to  —  160°. 

The  pressures  at  which  the  boiling  points  of  the  hydrocarbons  were 


No 

rmal  Paraffins  at  15 
T  =  28-53  M0"5. 

mm. 

Hydrocarbon. 

t. 

T. 

T  (calc). 

Difference. 

98    " 
114 
129-5 
144 
157-5 

181-5 
193 

205 

371 

371-9 

+  0-9 

C13H08   

C,.H,„       

387 
402-5 
417 
430-5 

454-5 

466 

478 

387  "2 
401-5 
415-4 
429-0 
442-0 
454-8 
467-0 
479-2 

+  0-2 
—  1-0 

-1-6 

-1-5 

j-1      TT 

+  0-3 

+  1-0 

+  1-2 
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Normal  Paraffins  at  30  mm. 
T  =  29-68  W\ 


Hydrocarbon. 


T. 


T  (calc). 


Difference. 


'(-'11H04 

C16H34 
Ci7H:j6 
CisHss 

ClQHjn 


96-5° 
113-8 
130 
145-5 
160 
174 
187-5 
200 
212 


369-5 

386-8 

403 

418-5 

433 

447 

460-5 

473 

485 


370 

•7 

386 

-9 

402 

-9 

417 

-7 

432 

-1 

446 

-3 

459 

-8 

473 

-2 

4S5 

•8 

+  1-2 
+  0-1 
-0-9 
-0-8 
-0-9 
-0-7 
-0-7 
+  0-2 
+  0-8 


Jsormal  Paraffins  at  50  mm. 
T  =  80-56  M"'^ 


Hydrocarbon. 


T  (calc). 


C10H22  I         90° 

C13H0S  142-5 

CmH^o  158 

C15H30  \  173 

CVH3I  '  187-5 

Ci-H.,6  201-5 

Ci^Haa  '  214-5 

CioH.o  226-5 


363 

415-5 

431 

446 

460-5 

474-5 

487.5 

499-5 


364-1 
414-9 
430-1 
445-1 
459-6 
473-5 
487-2 
500  -3 


Difference. 


+  1 
-0 
-0 
-0 
-0 
-1 
-0 
+  0 


Normal  Paraffins  at  100  mm. 
T  =  32-03  M°^ 


Hydrocarbon. 

t.          .         T.                T  (calc). 

Difference. 

CH^i   

127°       '       400         i           400-0 
145-5     '       418-5     '           417-6 
162-5           435-5     i           434-8 
178-5           451-5     !           450-8 
194               467                   466-3 
208-5           481-5     I           481-6 
223               496         !           496-3 
236               509         i           510-6 
248                521                    524-3 

0 

C,JI„.    

—  0-9 

CisHis   

-0-7 
-0-7 
-0-7 
+  0*1 

c,5h;« 

C^H.i   

C-HvK    

+  0-3 

+  1  -6 

C    FT 

+  3-3 

observed  by  Krafft  are  15  mm.,  30  mm.,  50  mm.,  and  100  mm.,  as 
well  as  the  atm.ospheric  pressure  of  760  mm.,  so  that  laere  the  formula 
may  be  put  to  a  somewhat  severe  test  of  its  applicability.  In  the 
above  tables  the  value  of  b  has  been  made   equal  to  0-5,  and  it  will 
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be  seen  that  even  wibh  this  restriction  the  formula  accords  fairly  well 
■with  the  facts,  and  the  agreement  is  little  better  when  h  is  allowed  to 
vary  from  pressure  to  pressure. 

The  variation  in  the  value  of  the  constant  a  may  be  seen  in   the 
accompanying  table 


Pressure. 


15  mm. 


28-53 


30  mm. 


29-68 


50  mm.      100  mm, 


30-56     i     32-03 


760  mm. 


37-38 


Of  the  monhalogen  derivatives  of  the  normal  paraffins  it  is  only 
the  chloro-compounds  which  have  boiling  points  in  accordance  with 
the  expression  T  =  nMJ' ;  the  alkyl  bromides  and  iodides  show  large 
divergences.  The  chlorides  are  exceptional  inasmuch  as  the  formula 
holds  good  for  the  first  member  of  the  series  as  well  as  for  the 
others. 

Alkyl  Chlorides. 

T  =  27-65  M"''^^ 


Chloride. 


T  (calc). 


Difference. 


CH3CI.  . 
C0H5CI . 

CgHjCl  . 

C4H9CI. 

C5Hi,Cl, 
CeHisCl 

C;H,5C1 

CsHirCl 


-23-7° 
+  12-5 
46-4 
78-0 
106-6 
133 
159-2 
183 


249  -3 

285  -5 

319-4 

351-0 

379-6 

406 

432-2 

456 


249 
286 
319 
350 
379 
406 
432 
457 


+  0-3 
+  0-8 
+  0-3 
-0-5 
-0-3 
+  0-5 
+  0-2 
+  0-1 


The  data  for  the  normal  alkylamines,  although  extensive,  are  un- 
satisfactory owing  to  the  considerable  differences  in  the  boiling 
points  obtained  by  different  observers.  They  are  sufficient  to  show, 
however,  that  the  formula  T  =  aM*  may  be  applied  to  them  with 
fair  success.  Owing  to  the  great  divergences  observed,  I  have  simply 
calculated  the  values  to  the  nearest  degree,  the  error  of  observation 
being  certainly  much  greater  than  that  value. 

A  simple  inspection  of  the  differences  between  the  boiling  points 
of  successive  alcohols  suffices  to  show  that  no  formula  of  the  type  of 
T  =  aM*  can  possibly  be  applied  to  them,  for  instead  of  these  differ- 
ences diminishing  continually,  they  increase,  reach  a  maximum,  de- 
crease, and  apparently  again  increase  if  the  observed  boiling  points 
of  the  highest  alcohols  are  to  be  I'elied  on.  It  is  well  known  that 
compounds  containing  the  hydroxyl  group  are  exceptional  in  their 
behaviour  in  many  respects,  and  this  peculiar   conduct  is  usually 
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ru 


Normal  AlJcyla mines. 
T  =  58-48  M""*^^ 


Base. 


t. 


T. 


CHglSIHo I  -   6° 

CHs-NHo I  +18 

C3H7NH. 49 

C4H9NH2 I  76 

CfiHia-NH, I  103 

CfiHiaNH. I  129 

CjHis-NH^ 1  153 

CgHiy-NHo I  173 

CgHlg-NHj I  191 

Ci2H,5-NH„ I  248 


267 
291 
322 
349 
376 
402 
427 
446 
464 
520 


Difference. 


-21 

-  4 
0 

+    2 

+    2 

0 

-  2 
0 

+    1 

-  1 


attributed  to  the  polymerisation  of  their  molecules  in  the  liquid 
state,  a  view  which  receives  direct  confirmation  from  the  recent  work 
of  Ramsay  and  Shields  on  surface  tension.  It  is  therefore  not 
surprising  if  the  liquid  molecules  are  more  complex  than  the  gaseous 
molecules,  and  that  in  different  degrees  from  member  to  member  of 
the  series,  that  they  should  come  under  no  simple  formula  for  the 
boiling  point,  as  this  temperature  must  be  held  to  depend  directly  on 
the  mass  of  the  liquid  molecule.  It  might  be  objected,  in  opposition 
to  this  view,  that  a  similar  explanation  is  not  needed  for  the  fatty 
acids,  which  do  come  under  the  formula  T  =:  aM*,  although  they 
contain  hydroxyl.  But,  as  Guye  has  pointed  out,  the  two  cases 
differ  entirely,  inasmuch  as  the  vapours  of  the  acids  at  their  boiling 
points  are  associated,  and  probably  to  approximately  the  same  degree 
as  the  liquids,  whilst  the  vapours  of  the  alcohols  show  no  trace  of 
molecular  association. 

From  the  experiments  of  Ramsay  and  Shields,  it  is  evident  that  Iho 
amount  of  association  of  the  alcohols  decreases  as  the  series  is  as- 
cended, and  I  have  found  that,  starting  from  amyl  alcohol,  it  is 
possible  to  apply  the  formula  T  =  85"45  M"'^^"  to  the  series  with 
an  error  within  the  error  of  experiment.  As  the  data,  however,  are 
rather  meagre  and  uncertain,  I  do  not  reproduce  the  table  here. 

The  boiling  points  of  the  nitriles  of  the  fatty  acids  have  not  been 
very  accurately  determined,  but  the  formula  T  =  IIQ-GM"**®^ 
gives  fair  results  with  those  whose  boiling  points  are  well  known. 
It  should  be  mentioned  that  propionitrile  yields  values  for  surface 
tension  which  indicate  that  it  is  considerably  associated  in  the  liquid 
state. 

The  data  for  the  normal  acid  chlorides  and  the  mercaptans  are  so 
scanty  and  untrustworthy  that  almost  any  form  o£  expression  may  bo 
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used  for  their  "boiling  points  -without  going  beyond  the   limit   of  the 
experimental  error. 

The  boiling  points  of  the  normal  simple  ketones  are  expressed  hy 
the  formula  T  =  63"39  M""*  so  far  as  the  existing  data  allow  us  to 
judge.  The  same  formula  may  be  used  for  the  normal  saturated 
aldehydes,  the  boiling  points,  however,  again  varying  very  much 
according  to  the  observer.  The  following  table  will  give  an  idea  of 
the  accui-acy  of  the  results  in  such  cases. 

Normal  Aldehydes. 
T  =  63-39  WK 


Aldehyde. 

t.                            T.     ■ 

T  (calc). 

21° 

49—50 

73—77 

102—103 

128 
150—156 

294 
322—323 
346—350 
375—376 

401 
423—429 

288 

322 

Butyric 

351 

376 

Caproic    • 

400 

422 

The  foregoing  tables  include  all  the  series  of  any  length  for  which 
even  moderately  trustworthy  boiling-point  data  can  be  obtained. 
They  show  that,  for  well-determined  series  in  which  no  association  of 
the  liquid  molecules  is  known  to  take  place,  the  formula  T  =  aM*  i& 
valid,  except  in  the  series  of  the  alkyl  bromides  and  iodides.  In  a 
very  long  series,  such  as  that  of  the  hydrocarbons  (with  19  mem- 
bers), the  same  constants  cannot  be  used  with  strictness  for  the 
whole  series,  but  only  for  a  portion  of  it  (about  10  members). 
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LY. — Observations  on  the  Nature  of  PJiosphorescence^ 
By  Herbert  Jacksox. 

This  paper  is  intended  as   a  preliminary  note  of  some  work  done 
during  the  past  two  years. 

The  researches  of  Mr.  Crookes,  and  the  beautiful  experiments 
which  he  originated  to  illustrate  them,  are  so  well  known  that  a 
general  description  of  the  phenomena  of  phosphorescence  in  vacuo  is- 
unnecessary,  but  the  experimental  work  which  must  be  done  to 
study  these  phenomena  has  hitherto  been  of  a  laborious  character, 
requiring  the  expenditure  of  much  time,  especially  as  the  only  pumps- 
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■available  up  to  a  recent  period  for  procuring   high  vacua,  although 
they  gave  excellent  results,  were  decidedly  slow  in  action. 

The  difficulties  attending  the  performance  of  these  experiments  are 
the  moi'e  to  be  regretted  because,  as  Mr.  Crookes  has  pointed  out, 
the  investigations  must  prove  of  value  to  chemists  in  the  study  of 
several  rare  earths,  and  of  the  many  other  substances  which  exhibit 
the  property  of  phosphorescence  in  vaaio. 

About  two  and  a  half  years  ago,  my  attention  was  called  to  an  air- 
pump,  invented  by  Mr.  H.  A.  Fleuss,  and  made  by  the  Palsometer 
Engineering  Company.  I  experimented  with  one  of  them,  and 
found  that  it  gave  very  good  results.  The  inventor  shortly  after- 
wards materially  improved  it,  and,  in  its  newer  form,  the  pump  was 
capable  of  giving  an  exhaustion  suitable  to  the  performance  of  most 
•of  the  experiments  with  high  vacua  ;  at  my  request,  however, 
Mr.  Fleuss  devised  a  further  improvement,  and  made  for  me  a  double 
pump,  with  the  two  pumps  working  in  series.  With  this  form,  and 
the  usual  precautions,  I  have  succeeded  in  getting  with  very  little 
trouble  such  results  as  the  stoppage  of  the  spark  in  tubes  and  globes 
of  various  sizes,  using  a  coil  capable  of  giving,  with  the  battery 
power  employed,  a  spark  of  8  in.  in  air.  The  pump  is  practically  a 
mechanical  wash-out  pump,  and  tlie  fluid  used  is  a  mineral  oil  giving 
very  slight  vapour  pressure. 

I  propose  first  to  show  the  readiness  with  which  phosphorescence 
anay  be  obtained  and  studied,  to  describe  very  shortly  a  few  experi- 
ments to  indicate  the  direction  in  which  I  have  worked,  and  in 
which  I  hope  to  continue  in  the  attempt  to  obtain  some  information 
as  to  the  nature  of  phosphorescent  bodies,  and  then  to  proceed  to 
that  part  of  the  subject  with  which  I  wish  mainly  to  deal  in  this 
paper,  namely,  suggestions,  and  the  experiments  upon  which  I  have 
based  these  suggestions,  of  the  nature  of  what  may  be  called  the 
exciting  cause  of  phosphorescence  induced  by  electric  discharge  in 
vacuo. 

An  inquiry  into  the  nature  of  phosphorescence  must  be  of  a  dual 
character,  dealing  as  much  with  the  phosphorescent  substance  in 
relation  to  its  structure  and  composition  as  with  the  immediate 
■causes  which  excite  phosphorescence  in  it. 

As  to  the  nature  of  the  substance  itself,  it  seems  necessary  to 
admit  that,  if  the  emission  of  light  on  any  hypothesis  is  to  be  con- 
sidered as  in  any  way  related  to  vibrations  of  the  particles  of  the 
substance,  then  some  degree  of  freedom  of  movement  must  be  postu- 
lated for  these  particles,  or  for  some  of  them. 

The  following  questions  about  the  structure  and  composition  of 
substances  may  be  put  as  including  in  them  wit-hout  elaboration, 
bypotheses  which  have  been  used  as  guides  to  experiment. 
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1. — Does  a  pure  substance  phosphoresce  ? 

2. — Is  it  the  impurity  in  a  substance  to  which  the  phosphorescence 

is  due  ? 
3. — Does  the  presence  of  an  impurity  in  a  substance  so  modify  the 
structure  or  molecular  arrangement  of  the  main  constituent  as 
to  admit  of  the  comparatively  free  movement  of  its  particles  ? 
4. — Is  it  possible  by  modification  in    the  physical  conditions   of 
formation  of  a  substance  to  give  rise  to  a  similar   molecular 
arrangement  without  having  recourse  to  the  introduction  of 
impurities  ? 
5. — Do  both  the  impurity  and  the  main  constituent  contribute  to 
the  phosphorescence,  each  acting  as  the  condition  of  the  other's 
freedom  of  movement  ? 
6. — To  what  extent  does  the  property  of  phosphorescence  in  a  sub- 
stance depend  on  external  physical  conditions  r" 
The  results    of    a  very  large   number  of   experiments   show   that 
many  substances  which  have  been  found  to  phosphoresce,  do  so  when 
prepared  in  as  nearly  pure  a  condition  as  possible.     This  has  been 
found    true    of    calcium   carbonate,  calcium  oxide,    barium  sulphate, 
barium  carbonate,  magnesium  oxide,  zinc  oxide,  aluminium  oxide, 
and  strontium  carbonate. 

But  it  has  also  been  found  that  the  same  substance  prepared  in 
two  ways  and  presumably  equally  pure  in  either  form  gave  in  the  one 
case  a  specimen  glowing  brilliantly,  and  in  the  other  case  one  which 
exhibited  little  or  no  phosphorescence.  Thus  lime  was  prepared 
from  very  pure  pi-ecipitated  calcium  carbonate.  When  the  carbonate 
was  used  in  the  crystalline  condition,  a  strongly  phosphorescent  lime 
was  obtained ;  but  when  it  was  rapidly  treated  while  in  the  amorph- 
ous variety,  the  lime  from  it  hardly  glowed  at  all. 

The  colour  of  the  glow  of  active  calcium  oxide  is  a  very  bright 
orange ;  but  if  a  piece  of  lime  giving  this  colour  be  heated  intensely 
in  the  oxyhydrogen  flame,  it  is  subsequently  found  to  yield  a  blue 
phosphorescence . 

In  the  case  of  barium  carbonate,  a  portion  of  a  pure  specimen 
dried  at  100°  glowed  with  a  bluish-green  light.  Another  portion  of 
the  same  specimen  heated  in  a  muffle  for  two  hours  yielded  the  same 
result. 

It  would  appear,  then,  that,  according  to  the  conditions  of  its  pre- 
paration, an  apparently  pure  substance  may  or  may  not  phosphoresce, 
or  the  colour  of  its  glow  may  not  always  represent  rays  of  the  same 
range  of  wave-length. 

In  connection  with  this  change  of  colour,  a  more  detailed  descrip- 
tion of  the  behaviour  of  pure  alumina  in  vacuo  may  be  of  interest. 
The    tube   employed   was   about   6   in.   long   and    1    in.   internal 
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diameter.  Both,  electrodes  were  aluminiam  discs  of  ^  in.  diameter 
separated  from  one  another  by  about  5  in.  A  perforated  glass  ledge 
supported  the  substance  in  the  middle  of  the  tube,  which  was  used  in 
a  A^ei'tical  position.  The  coil  employed  was  capable  of  giving  a 
spark  of  7|  in.  in  air  with  a  battery  current  of  8  to  10  amperes  at 
10  volts. 

At  a  high  exhaustion,  the  alumina  glowed  with  a  splendid  crimson 
light.  As  the  exhaustion  proceeded,  a  spot  of  about  3  mm.  in 
diameter  in  the  direct  line  of  the  centres  of  the  electrodes  glowed  for 
a  moment  with  increased  brilliancy.  This  quickly  died  out,  and  for 
a  short  time  the  spot  appeared  black  by  contrast  with  the  surround- 
ing colour.  Then  came  in  rapid  succession  the  various  stages 
noticed  on  heating  a  substance  up  to  a  white  heat.  As  the  vacuum 
became  higher,  this  bright  light  died  out  as  it  came,  and  once  more 
the  central  spot  looked  black.  Then  when  the  vacuum  was  so  high 
that  the  discharge  nearly  stopped  in  the  tube,  the  phosphorescence  of 
the  central  spot  returned,  and  the  glow  was  confined  to  this  spot ; 
but  now  the  phosphorescence  was  blue.  (It  may  be  here  noted  that 
this  final  and  limited  blue  glow  has  been  found  to  be  common  to 
nearly  all  phosphorescent  substances  under  similar  conditions.) 

These  phenomena,  with  slight  modifications,  can  be  imitated  in  air 
by  heating  small  portions  of  calcium  sulphide  which  is  glowing  after 
■exposure  to  light,  or,  apart  from  the  phosphorescence,  they  are 
analogous  to  the  case  of  the  heating  of  a  platinum  strip  in  the  path  of 
the  discharge  from  the  negative  electrode. 

The  above  instances  have  been  taken  from  a  very  large  number  of 
observations,  as  typical,  and  as  having  implicit  in  them  the  direction 
in  which  to  look  for  fuller  information. 

Evidence  has  been  obtained  that  impurities  do  materially  modify 
the  character  of  the  phosphorescence.  As  to  the  extent  of  this 
change,  and  as  to  how  the  impurities  are  related  to  the  change  of 
colour,  these  are  questions  which  remain  to  be  answered. 

There  seems  to  be  no  reason  to  anticipate  any  very  great  difficulty 
in  arriving  at  an  intelligible  and  fairly  adequate  conclusion ;  but  at 
this  stage  it  was  thought  undesirable  to  prosecute  any  further 
research  into  the  nature  of  the  structure  of  the  substances  used 
without  some  fuller  information  as  to  the  character  of  the  exciting 
cause. 

As  a  first  step  in  this  direction,  attempts  were  made  to  obtain  a 
knowledge  of  the  residual  pressure  in  the  vacua  employed.  A  very 
large  number  of  determinations  were  made  with  many  forms  of 
gauges.  Different  varieties  of  glass  were  used  in  making  these 
gauges. 

Quantitative   estimations  were  made  of  residual  gases :  of  carbon 
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dioxide  by  absorption  with  potassium  and  barium  hydrates,  of  hydro- 
gen by  conversion  into  water,  of  oxygen  by  conversion  into  copper  or 
iron  oxides,  and  of  chlorine  by  liberation  of  iodine.  The  vessel  used 
had  a  capacity  of  6  litres.  In  all  cases,  and  after  much  repetition, 
the  results,  when  dealing  with  the  high  vacua  required  for  the  phos- 
phorescent experiments,  were  believed  to  be  worthless.  The  errors 
were  small,  but  the  pressures  to  be  measured  appeared  to  be  still 
■smaller.  The  chemical  determinations  of  the  residual  gases  were 
-done  at  pressures  varying  from  10  mm.  to  1  mm.,  and,  in  the  case  of 
chlorine,  determined  as  liberated  iodine  to  0'2  mm.  The  pressures 
were  measured  by  the  various  gauges  used,  principally  by  wide 
(15  mm.  bore)  U -gauges  and  by  the  McLeod  gauge.  Dealing  with 
pressures  of  10  to  1  mm.,  the  differences  between  the  gauge  measure- 
ments and  the  chemical  determinations  were  not  greater  than  such 
as  might  be  expected  to  be  caused  by  experimental  error.  The 
results  from  the  determinations  of  hydrogen  as  water  were,  however, 
distinctly  a  little  closer  than  those  obtained  from  the  other  gases 
used. 

With  low  pressures,  the  chemical  determinations  failed  as  the 
unavoidable  errors  exceeded  in  magnitude  the  quantities  to  be 
measured.  The  McLeod  gauges  were  calibrated  in  terms  of  the 
hydrogen  determinations;  but  with  low  pressures,  and  using  two 
similar  McLeod  gauges  connected  to  the  same  exhausted  vessel,  such 
marked  departures  fi*om  regularity  were  noticed  that  the  results 
given  by  them  were  believed  to  be  untrustworthy  as  true  measures  of 
the  pressure,  and  to  be  of  use  only  as  relative  determinations  when 
working  under  precisely  similar  conditions. 

1  have  not  entered  into  this  question  more  fully  because  I  believe 
the  subject  is  being  thoroughly  investigated  by  Professor  Ramsay. 
I  should,  however,  like  to  say,  with  regard  to  the  McLeod  gauge,  that, 
when  the  glass  and  mercury  are  kept  very  clean  and  the  exhaustion 
is  rapidly  effected,  it  seems,  so  far  as  my  experience  goes,  by  far  the 
most  perfect  means  at  present  at  our  disposal  of  measuring  relative 
pressures  in  high  vacua. 

A  consideration  of  the  close  analogy  between  the  fluorescence  of 
quinine  and  other  solutions,  the  phosphorescence  of  many  solid  bodies 
after  exposure  to  light,  and  the  glowing  of  many  substances  in  the 
discharge  in  vacuo,  makes  it  hardly  possible  to  doubt  that  these 
phenomena  are  related  in  the  direction  of  some  common  cause.  In 
the  first  two  cases,  it  is  known  with  most  probable  certainty  that 
radiant  energy  propagated  in  waves  of  short  length  is  the  immediate 
cause  of  the  phenomena.  It  appeared  also  to  be  highly  probable 
that  the  phenomena  of  phosphorescence  in  vacuo  are  really  of  the 
same  order.     The  near  relation  of  electricity  to  light,  expressed  in 
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Clark  Maxwell's  electro-magnetic  tbeorj  of  light,  and  so  beautifully 
confirmed  by  Herz's  experiments,  helps  to  remove  any  fear  of  inhe- 
rent improbability  in  the  idea. 

A  large  number  of  experiments  with  many  different  substances 
showed  that  glowing  could  be  obtained  at  almost  any  stage  of  ex- 
haustion. It  was  only  necessaiy  to  choose  the  appropriate  substance 
for  each  stage.  For  example,  some  calcium  sulphide  glowed  well  in 
a  low  vacuum.  Certain  specimens  of  strontium  and  barium  sulphide 
required  a  rather  higher  exhaustion.  Lime  from  Iceland  spar  showed 
no  appreciable  phosphorescence  in  such  vacua  as  were  suitable  to  the 
former  substances,  but  glowed  bi'illiantly  in  a  higher  vacuum,  whilst 
with  specimens  of  aluminium  oxide,  magnesium  oxide,  zinc  oxide, 
barium  carbonate,  barium  sulphate,  and  many  other  substances, 
it  was  necessary  to  push  tlie  exhaustion  still  further.  Proceeding 
with  the  exhaustion  is  always  noticed  the  gradual  spread  and  final 
disappearance  of  what  has  been  termed  the  negative  glow  round,  and 
apparently  coming  from,  the  negative  electrode.  In  some  cases, 
phosphorescence  started  before  the  substance  was  touched  by  this 
glow,  some  bodies  required  to  be  reached  by  it,  others  to  be  freely 
bathed  in  it,  while  others  again  showed  scarcely  a  sign  of  phosphor- 
escence until  the  negative  glow  had  practically  disappeared. 

If  these  results  were  to  be  ascribed  to  the  operation  of  radiant 
energy  propagated  in  the  manner  of  light,  it  seemed  probable  that 
the  wave-lengths  were  extremely  short.  This  conclusion  was  based 
upon  certain  considerations,  among  which  may  be  mentioned — 

1.  That  no  I'ays  of  known  wave-length  could  be  found  to  be 
operative  in  the  case  of  any  but  the  most  readily  phosphorescing 
bodies. 

2.  That  air  is  known  to  be  transparent  to  many  rays  far  into  the 
ultra-violet. 

3.  That  photographs  of  the  spark,  taken  between  metal  electrodes, 
using  a  quartz  train  with  the  whole  apparatus  in  vacuo,  have  revealed 
lines  of  shorter  wave-length  than  any  hitherto  obtained.  (The 
marked  sharpness  noticed  in  the  shadows  on  the  substances  glowing 
in  high  vacua,  though  not  affording  proof,  was  certainly  not  against 
this  view.) 

Should  the  conclusion  prove  to  be  a  sound  one,  then  the  phenomena 
could  be  rendered  intelligible  and  gathered  together  on  some  such 
hypothesis  as  the  following. 

Rays,  perhaps  of  all  wave-lengths,  are  coming  from  the  electrode. 
Some  extend  probably  far  beyond  the  present  limits  of  the  ultra- 
violet. To  many  of  these,  air  and  several  other  gases  are  opaque, 
but  affected  by  some  of  them  in  such  a  way  as  to  phosphoresce 
brilliantly  ;  of  this  nature,  perhaps,  is  the  negative  glow. 
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Some  of  the  transmitted  rays  cause  phosphorescence  in  such  easily 
affected  bodies  as  calcium  sulphide.  At  low  exhaustion,  the  absorb- 
ing medium  is  still  too  dense  to  allow  the  rays  to  pass  which  are  of 
short  enough  wave-length  to  fully  excite  calcium  oxide,  for  example. 
By  further  exhaustion  the  absorbing  medium  is  rarefied,  and  the  aii* 
farther  from  the  electi-ode  receives  vibrations  and  phosphoresces ;  in 
this  way  the  negative  glow  extends.  When  it  reaches  the  phosphor- 
escent solid  this  glows,  for  now  the  necessary  exciting  undulations 
can  pass  through.  Still  the  column  of  rarefied  air  is  too  opaque  for 
the  passage  of  the  rays  of  very  short  wave-length  required  to  excite 
some  of  the  most  refractory  substances,  and  the  exhaustion  must  be 
pushed  until  the  absence  of  the  negative  glow,  which  has  been  steadily 
fading,  shows  that  the  absorbent  is  too  far  diluted  to  act  as  such,  and 
the  existence  of  the  rays  is  only  revealed  by  the  glow  of  the  solid 
body.     Finally  this  ceases,  and  the  spark  is  said  to  cease  passing. 

Now  the  experiments  are  conducted  in  a  glass  tube ;  glass  phos- 
phoresces, and,  as  will  be  shown  in  the  sequel  and  as  might  be 
expected  from  its  glowing,  glass  is  quite  opaque  to  the  rays  of  short 
wave-length  which  excite  phosphorescence  in  many  substances.  It 
is  not,  therefore,  nnreasonable  to  suppose  that,  at  this  stage,  the  glass 
is,  for  these  radiations,  a  good  conductor.  It  will  be  interesting  to 
see  how  much  further  the  effects  can  be  pushed  in  a  tube  made  of 
quartz. 

It  would  seem,  therefore,  to  be  probably  true  that  the  relation 
between  the  phenomena  of  phosphorescence  in  vacuo  and  the  fluoi'- 
escence  and  phosphorescence  of  solutions  and  solids,  during  or  after 
exposure  to  light,  consists  in  the  connection  between  the  lengths  of 
the  waves  of  radiant  energy  exciting  the  glow  and  the  chemical  and 
physical  structure  of  the  bodies  excited. 

There  appears  to  be  no  reason  why  gases  should  not  be  included^ 
for  it  may  be  that  a  closer  study  will  reveal  the  fact  that  the  ordinary 
spark-discharge  through  gases,  either  rarefied  or  not,  is  of  the  same 
nature  as  the  negative  glow.  The  light  of  the  spark  would  then  be 
considered  as  the  evidence  of  the  vibration  of  the  gaseous  particles,. 
as  they  respond  to  undulations  of  various  lengths.  Herz's  observa- 
tions on  the  efficiency  of  ultra-violet  light  in  assisting  the  passage  of 
the  spark  between  terminals  in  air  seem  to  be  confirmatory  of  this, 
and  it  is  quite  reasonable  to  suppose  that,  if  the  intervening  air 
particles  are  set  into  appropriate  vibrations,  the  energy  radiant  from 
the  electrode  can  be  propagated  more  readily. 

It  would  be  premature  to  suggest,  at  present,  any  hypothesis  as  a 
preliminary  explanation  of  the  relation  between  the  lengths  of  the 
undulations,  the  molecular  structure  and  physical  condition  of  the 
phosphorescent  substances,  and  the  character  of  the  glow  obtained. 
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It  is,  of  course,  possible  that,  in  some  cases,  where  bodies  do  not 
show  any  phosphor-escence,  the  glow  may  be  revealed  by  photography. 
Without  any  further  evidence,  the  notions  suggested  so  far  could 
only  rest,  perhaps,  upon  a  certain  measure  of  plausibility,  based  on 
analogy,  as  complete  experimental  proof  is,  by  the  very  nature  of  the 
phenomena,  most  difficult  to  obtain.  The  apparatus  required  is  hard 
to  make — for  the  most  convenient  substance,  glass,  is  quite  opaque  to 
the  rays  to  be  sought  for,  and  although  rock  salt,  quartz,  and  selenite 
transmit  many  which  are  absorbed  by  glass,  they  are  probably 
opaque  to  the  rays  of  very  short  wave-length,  as  indicated  by  their 
glowing  to  some  extent  in  high  vacua. 

It  seemed  not  improbable  that  the  spark  from  a  coil  with  jar  in 
circuit  might  be  active  with  such  a  substance  as  lime  if  its  image  were 
focussed  on  the  material  with  either  a  rock  salt  or  a  quartz  lens.  The 
experiment  was  successful.  No  change  in  the  lime  was  observed  in 
the  ordinary  light  focus ;  but  on  moving  the  piece  of  lime  towards 
the  lens,  phosphorescence  commenced.  At  a  point  about  midway 
between  the  light  focus  and  the  lens  an  image  of  the  spark  was  ob- 
tained in  the  orange  glow  characteristic  of  lime  obtained  from 
Iceland  spar  by  ignition.  If  soda  glass  or  lead  glass  were  used 
instead  of  the  lime,  the  colours  of  the  spark  image  were  of  the 
characteristic  phosphorescent  hues  for  these  materials,  namely,  green 
for  the  soda,  and  blue  for  the  lead  glass. 

Glass,  mica,  and  Iceland  spar  act  as  complete  screens  to  these  short 
undulations.  This  is  easily  shown  by  introducing  Ihin  pieces  of 
them  in  the  path  of  the  rays,  when  the  phosphorescent  image  of  the 
spark  at  once  disappears. 

As  these  experiments  were  performed  with  the  materials  in  air 
there  was  no  reason  to  suppose  that  the  rays  would  prove  to  be  of 
shorter  wave-length  than  those  which  have  been  revealed  by  photo- 
graphy. 

Using  aluminium  electrodes  and  quartz  lenses  and  prisms,  and  a 
lime  screen  instead  of  the  eye-piece,  there  is  no  difficulty  in  studying 
with  the  spectroscope  that  part  of  the  spectrum  to  which  the  lime 
responds.  In  this  particular  case,  nine  lines  are  noticed.  The  first 
and  least  refrangible  one  is  bright,  then  come  six  fainter  and  shorter 
lines,  and  then  two  very  marked  lines.  The  dispersion  between  the 
first  and  last  line  is  about  12°  for  a  single  prism  of  60°  angle. 

No  determinations  of  wave-length  were  attempted  with  the  prism, 
as  it  was  thought  to  be  better  to  use  a  grating  for  this  purpose.  The 
mean  of  the  measurements  with  a  Rowland's  reflection  grating  gave 
1,850  tenth  metres  for  the  wave-length  of  the  most  refrangible  line. 
Cornu  gives  an  aluminium  line  from  photographs,  with  a  wave-length 
of  1,852. 
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Before  proceeding  to  measure  other  lines,  and  to  use  different 
phosphorescent  screens,  it  is  proposed  to  examine  the  spectra  on  the 
lime  with  electrodes  of  different  metals.  So  far  as  obtaining  the 
phosphorescent  effect  is  concerned,  aluminium  appears  to  be  the  most 
suitable  metal. 

Experiments  were  made  with  pure,  dry  silver  chloride  in  tlie 
vacuum  tube  instead  of  other  phosphorescent  material.  A  high  vacuum 
was  obtained,  and  the  commutator  of  the  coil  then  turned  so  that  the 
electrode  above  the  chloride  was  the  negative.  The  white  silver 
chloride,  which  had  remained  apparently  unaffected  by  daylight 
coming  through  the  tube,  glowed  with  a  green  phosphorescent  light, 
the  brightest  part  of  which  was  at  the  central  spot,  as  described 
nnder  the  phosphorescence  of  alumina.  When  the  current  was 
stopped,  the  silver  chloride  was  found  to  be  darkened,  and  the  greatest 
change  was  at  the  place  where  the  glow  was  brightest. 

It  was  noticed  with  substances  which  glowed  in  vactw,  and  also 
phosphoresced  in  air  in  the  focussed  light  of  the  spark,  that  in  the 
cases  where  the  phosphorescence  persisted  in  the  vacuum  tube  after 
stopping  the  current  there  was  also  a  marked  after-glow  when  speci- 
mens of  the  same  substances  were  removed  from  the  focus  of  the 
:  spark  in  air. 

Experiments  were  performed  with  a  vacuum  tube,  closed  at  one 
end  by  a  plate  of  quartz,  and  fitted  with  aluminium  electrodes,  one  of 
them  being  disc  shaped,  and  placed  about  1  inch  from  the  quartz 
plate.  The  light  from  this  electrode  was  focussed  with  a  quartz  or 
rock  salt  lens.  The  phenomena  up  to  a  certain  point  resembled  those 
noticed  with  substances  inside  a  vacuum  tube  ;  thus,  when  the  nega- 
tive glow  was  confined  to  the  immediate  neighbourhood  of  the  elec- 
trode, only  readily  phosphorescing  substances  such  as  calcium  and 
strontium  sulphide  and  lead  glass  responded  when  placed  in  the 
appropriate  focus.  With  further  exhaustion,  the  negative  glow 
extended  and  bathed  the  quartz  end.  At  this  point,  lime  and  some 
other  substances  (e.g.,  dolomite  and  magnesite)  were  active  in  their 
suitable  foci,  and  remained  so  as  the  exhaustion  proceeded,  but 
ceased  to  respond  when  the  exhaustion,  as  shown  by  the  character  of 
the  discharge,  was  not  high  enough  to  represent  a  state  of  rarefaction 
in  which  these  substances  glow  brilliantly  v^hen  placed  inside  the 
vacuum  tube.  At  this  stage,  however,  the  quartz  window  was  found 
to  be  exhibiting  a  marked  phosphorescence  of  its  own,  and  this  would 
indicate  that,  to  the  undulations  then  seeking  to  pass,  the  quartz 
responded,  and  was,  therefore,  opaque  to  them. 

It  was  frequently  very  difficult  to  observe  the  phosphorescence  on 
account  of  the  colour  of  the  discharge  at  certain  stages  closely 
resembling  that  of  the  glow  on  the  active  substance.     Advantage  was 
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then  taken  of  the  marked  after- glow  present  in  most  cases  when  the 
current  was  stopped.  This  after-glow  showed  on  the  substance  on 
the  quartz  window  (red),  on  the  glass  tube  (green),  and  at  some 
stages  of  the  exhaustion  on  the  residual  gas. 

By  heating  the  substances  after  exposure  to  the  rays,  this  glowing 
was  greatly  increased,  and,  if  perforated  designs  in  thin  glass  or  mica 
had  been  previously  placed  over  the  substances,  outline  photographs 
could,  as  it  were,  be  developed  over  a  hot  metal  plate.  The  oppor- 
tunity may  be  taken  here  of  making  the  suggestion  that  the  undula- 
tions operative  on  many  substances  may  very  reasonably  be  supposed 
to  proceed  from  the  glowing  gases  which  surround  the  electrode  and 
which  form  the  diiferently  coloured  layers  (three  marked  ones)  that 
appear  to  proceed  from  it.  This  may  possibly  be  the  case  even  when 
with  high  exhaustion  there  is  no  light  in  the  residual  air  visible  to 
the  eye  though  phosphorescent  solids  may  be  glowing.  But  even  if, 
as  seems  probable,  the  vibrating  air  particles  do  act  as  so  many  fresh 
centres  of  undulations,  the  necessity  of  postulating  an  originating  set 
of  vibrations  is  not  removed,  and,  so  far,  this  certainly  would  appear 
to  proceed  from  the  electrode  and  to  be  propagated  through  space  in 
undulations  of  short  length. 

It  seems  difficult,  then,  on  considering  these  results,  which  indicate 
such  a  close  analogy  between  the  phosphorescent  phenomena  in 
vacuo  and  those  in  air,  to  avoid  the  conclusion,  expressed  before, 
that  there  is  an  unbroken  connection  between  them  in  the  direction 
of  a  common  cause,  and  that  one  aspect  of  this  is  the  operation  of 
radiant  energy  propagated  in  waves  of  short  length. 

If  there  is  anything  in  this  conclusion,  many  important  questions 
arise  to  be  answered. 

What  is  the  nature  of  the  origin  of  these  undulations  ? 

Are  waves  of  all  lengths  coming  from  the  electrodes  ?  Or  are 
those  only  propagated  to  which  suitable  materials  for  co-operation 
are  presented  ?     What  is  the  condition,  of  suitability  in  any  case  ? 

In  what  manner  are  these  undulations  related  to  oscillations  in  the 
circuit  ? 

What  is  the  nature  of  the  particular  virtue  in  the  negative 
electrode  ? 

On  these  questions  and  on  others,  it  is  proposed  to  make  attempts 
to  gain  some  information. 

Before  concluding  this  preliminary  note,  it  may  perhaps  be  per- 
missible to  indulge  in  one  or  two  speculations.  Is  it  possible  that 
the  blue  of  the  clear  sky  is  a  phenomenon  of  a  kindred  nature ;  a 
phosphorescence  or  glowing  of  the  air  in  the  upper  and  rarer  limits 
of  the  atmosphere  excited  by  short  undulations  coming  from  the  sun 
and  stopped  by  the  air  which  responds  to  them. 
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In  view  of  the  marked  effect  of  rays  of  short  wave-lengths  in 
increasing  the  distance  through  which  a  spark  will  pass,  thus  giving 
rise  to  a  delusive  appearance  of  greater  electromotive  force,  may  it 
not  be  that  there  is  here  a  partial  explanation  of  the  relations 
between  sun-spots  and  magnetic  disturbances  on  the  earth  ?  Is  a 
sun-spot  a  glimpse  at  the  dark  central  body  of  the  sun  ?  dark  because 
its  rapid  vibrations  give  rise  to  undulations  too  short  to  affect  our 
sense  as  light,  and  dark  to  the  photographic  plate  because  of  the 
opacity  of  the  glass  lenses  used. 

Do  the  different  constituents  of  the  sun's  atmosphere  respond  to 
the  operation  of  these  undulations,  giving  rise  to  the  varying  lights 
of  the  spectrum,  and  by  absorption  shield  us  to  a  great  extent  until 
the  periodic  storms  in  its  atmosphere  partly  expose  our  atmosphere 
to  the  radiation  from  vast  areas  of  the  true  nucleus  ? 

Is  it  not  possible  that  this  may  cause  a  disturbance  in  our  normal 
condition,  felt  as  marked  electric  changes,  and  seen  in  the  display  of 
the  aurora  ? 

Have  some  nebulae,  especially,  perhaps,  ring  nebulae,  central  nuclei 
dark  in  a  similar  sense  ? 

Does  the  particular  brilliant  light  of  a  comet  receive  any  helpful 
explanation  in  these  notions  ? 

It  would  be  most  interesting  to  study  the  spots  and  mottled  sur- 
face of  the  sun  with  a  telescope  fitted  with  quartz  lenses  and  either 
photographic  plates  or  phosphorescent  screens  placed  in  the  appro- 
priate foci. 

Herz  showed  that  glass  is  opaque  to  the  rays  which  assist  the 
passage  of  a  spark,  and  that  quartz  is  transparent  to  them. 

I  wish  to  take  this  opportunity  of  expressing  my  indebtedness  to 
Mr.  P.  H.  Kirkaldy  who  helped  me  with  some  of  this  work. 
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then  taken  of  the  marked  after- glow  present  in  most  cases  when  the 
current  was  stopped.  This  after-glow  showed  on  the  substance  on 
the  quartz  window  (red),  on  the  glass  tube  (green),  and  at  some 
stages  of  the  exhaustion  on  the  residual  gas. 

By  heating  the  substances  after  exposure  to  the  rays,  this  glowing 
was  greatly  increased,  and,  if  perforated  designs  in  thin  glass  or  mica 
had  been  previously  placed  over  the  substances,  outline  photographs 
could,  as  it  were,  be  developed  over  a  hot  metal  plate.  The  oppor- 
tunity may  be  taken  here  of  making  the  suggestion  that  the  undula- 
tions operative  on  many  substances  may  very  reasonably  be  supposed 
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which  form  the  differently  coloured  layers  (three  marked  ones)  that 
appear  to  proceed  from  it.  This  may  possibly  be  the  case  even  when 
with  high  exhaustion  there  is  no  light  in  the  residual  air  visible  to 
the  eye  though  phosphorescent  solids  may  be  glowing.  But  even  if, 
as  seems  probable,  the  vibrating  air  particles  do  act  as  so  many  fresh 
centres  of  undulations,  the  necessity  of  postulating  an  originating  set 
of  vibrations  is  not  removed,  and,  so  far,  this  certainly  would  appear 
to  proceed  from  the  electrode  and  to  be  propagated  through  space  in 
undulations  of  short  length. 

It  seems  difficult,  then,  on  considering  these  results,  which  indicate 
.such  a  close  analogy  between  the  phosphorescent  phenomena  in 
vacuo  and  those  in  air,  to  avoid  the  conclusion,  expressed  before, 
that  there  is  an  unbroken  connection  between  them  in  the  direction 
of  a  common  cause,  and  that  one  aspect  of  this  is  the  operation  of 
radiant  energy  propagated  in  waves  of  short  length. 

If  there  is  anything  in  this  conclusion,  many  important  questions 
arise  to  be  answered. 

What  is  the  nature  of  the  origin  of  these  undulations  ? 

Are  waves  of  all  lengths  coming  from  the  electrodes  ?  Or  are 
those  only  propagated  to  which  suitable  materials  for  co-operation 
are  presented  ?     What  is  the  condition  of  suitability  in  any  case  ? 

In  what  manner  are  these  undulations  related  to  oscillations  in  the 
circuit  ? 

What  is  the  nature  of  the  particular  virtue  in  the  negative 
electrode  ? 

On  these  questions  and  on  others,  it  is  proposed  to  make  attempts 
to  gain  some  information. 

Before  concluding  this  preliminary  note,  it  may  perhaps  be  per- 
missible to  indulge  in  one  or  two  speculations.  Is  it  possible  that 
the  blue  of  the  clear  sky  is  a  phenomenon  of  a  kindred  nature ;  a 
phosphorescence  or  glowing  of  the  air  in  the  upper  and  rarer  limits 
of  the  atmosphere  excited  by  short  undulations  coming  from  the  sun 
and  stopped  by  the  air  which  responds  to  them. 
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rise  to  a  delusive  appearance  of  greater  electromotive  force,  may  it 
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dark  in  a  similar  sense  ? 

Does  the  particular  brilliant  light  of  a  comet  receive  any  helpful 
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It  would  be  most  interesting  to  study  the  spots  and  mottled  sur- 
face of  the  sun  with  a  telescope  fitted  with  quartz  lenses  and  either 
photographic  plates  or  phosphorescent  screens  placed  in  the  appro- 
priate foci. 

Herz  showed  that  glass  is  opaque  to  the  rays  which  assist  the 
passage  of  a  spark,  and  that  quartz  is  transparent  to  them. 
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LVI. — A  Specimen  of  Early  Scottish  Iron. 
By  Margaret  D.  Douqal. 

It  does  not  seem  to  be  generally  known  that  the  manufacture  of  iron 
in  Scotland  had  its  rise  in  Ross-shire,  and  in  what  until  within  recent 
years  was  one  of  the  wildest  and  most  unfrequented  parts  of  the 
country,  that  is,  in  the  neighbourhood  of  Loch  Maree  and  along  the 
banks  of  the  stream  which  connects  that  sheet  of  water  with  the  sea. 
From  an  interesting  paper  by  Mr.  W.  Ivison  Macadam,  contained  in  the 
Transactions  of  the  Inverness  Society,  3,  April,  1887,  we  learn  that  re- 
mains of  iron- workings  are  to  be  found  in  various  places  along  the 
shores  of  the  lake  and  on  the  banks  of  the  River  Ewe,  more  particu- 
larly at  Fasagh,  Letterewe,  and  near  Poolewe.     There  is  reason  to 
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believe  that  the  workings  at  Fasagh.  were  started  towards  the  end  of 
the  16th  century,  on  the  north-east  shore  of  the  loch,  and  at  about 
2  miles  from  Kinlochewe.  It  is  certain  that  Sir  George  Hay,  who 
eventually  became  High  Chancellor  of  Scotland,  established  similar 
works  lower  down  the  loch  in  1609  at  Letterewe,  The  ore  originally 
employed  was  bog-ore,  found  in  the  immediate  vicinity,  whilst  the 
extensive  woods  which  clothed  the  hillsides  furnished  the  necessary 
charcoal.  At  a  later  period,  when  the  works  at  what  is  now  known 
as  the  Red  Smiddy,  near  Poolewe,  were  started,  iron  ore  from  the 
Whitehaven  district  appears  to  have  been  imported. 

During  the  summer  of  1892,  the  site  of  the  Fasagh  bloomeries 
was  visited  by  Professors  Thorpe  and  Tilden,  and  the  small  bar  of 
iron  forming  the  subject  of  the  present  communication  was  found  by 
them  on  that  occasion,  together  with  other  and  larger  specimens 
which,  on  account  of  their  weight,  could  not  readily  be  removed.  The 
Fasagh  works  were  on  the  south  bank  of  the  Fasagh  burn,  which 
flows  from  Loch  Fada  to  Loch  Maree,  and  at  Loch  Fada  are  the  re- 
mains of  a  sluice  or  dam  to  regulate  the  supply  of  water  for  the  ham- 
mers, &c.  In  the  paper  referred  to,  Mr.  Ivison  Macadam  gives  a 
plan  and  description  of  the  Fasagh  workings.  These  were  situated 
close  to  the  shore  of  Loch  Maree ;  they  were  evidently  built  on  the 
"  island "  principle,  and  were  surrounded  by  a  water-course  con- 
structed of  stones.  On  the  island  were  a  roughly  built  house  and 
two  furnaces  with  hearths  attached,  where  probably  the  manufacture 
of  implements  was  carried  on.  Beyond  the  "island"  stood  a  large 
furnace,  which  had  in  front  of  it  a  bed  of  sand  on  which  the  castings 
were  made.  Whilst,  according  to  Mr.  Macadam,  there  is  no  direct 
evidence  that  the  Fasagh  workings  were  connected  with  the  other 
large  works  on  Loch  Maree,  tradition  indicates  that  the  workers  at 
Fasagh  were  English,  for  a  spot  of  ground  a  little  further  down  the 
loch  is  known  as  Cladh  nan  Sasunnach,  that  is,  the  burial-ground  of 
the  English  ;  and  a  pool  in  the  centre  of  a  marsh,  called  Lochan- 
Cul-na  Cathrach,  is  pointed  out  as  the  place  where  the  workers  de- 
posited their  tools  on  leaving  the  district. 

The  bar  of  iron  brought  away  by  Dr.  Thorpe  was  about  16  ins.  in 
length,  and  weighed  about  a  dozen  pounds.  It  was  coated  with  a 
xjoherent  cake  of  rust  about  ^  in.  in  thickness ;  on  planing  this  away, 
the  metal  appeared  to  be  sound  and  fairly  homogeneous.  As  it  seemed 
interesting  to  ascertain  its  mechanical  character — with  a  view  to  a 
xjomparison  with  the  products  of  modern  manufacture — Professor 
Unwin  was  kiud  enough  to  test  it  in  the  Engineering  Laboratory  of 
the  City  and  Guilds  Central  Institution,  South  Kensingon.  He 
reports  as  follows  : — 

"  The  ingot  was  parted  down  the  middle  in  the  planing  machine  and 
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a  test  bar  parted  off  one  of  the  pieces.  When  planed  so  that  the 
oxidation  was  removed,  ifc  formed  a  square  test  bar  0*687  in.  x 
0-616  in.  or  0*3616  sq.  in.  in  section  and  about  16  ins.  long.  It  was 
first  placed  in  the  testing  machine,  and  a  screw  micrometer  attached  to 
determine  the  coefficient  of  elasticity.  The  gauge  points  were  7  ins. 
apart. 

"  Rejecting  the  first  readings,  which  are  usually  irregular,  the 
extension  in  7  ins.  is  0*0032  in.  for  an  increase  of  stress  of  6*2224 
tons  per  sq.  in.     Hence  the  coefficient  of  elasticity  is 


p       7  X  6*2224 

e 


0-0032 


=  13-616  tons  per  sq.  in.  =  30,499,000  lbs. 
per  sq.  in. 


This  is  a  rather  high  value,  but  not  an  abnormal  one. 
Autographic  Stress-strain  Diagram. 

Load  in  tons. 


Extension  in  8'5 
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"  Clips  were  then  placed  on  tlie  bar  at  8'5  ins.  distance,  for  taking- 
an  antograph  diagram  of  tlie  plastic  yielding  during  the  tenacity  test 
(see  Fig.).     The  results  of  the  tests  were  as  follows : — 

"  Bar  broke  with  8*345  tons  =  23'07  tons  per  sq.  in.  Yield  point 
from  autograph  diagram  at  4"93  tons  =  13'63  tons  per  sq.  in. 

"  The  fracture  was  steely  or  crystalline  with  little  contraction  of 
area.  Unfortunately  the  bar  broke  outside  the  8'5-in.  gauge  points 
at  a  flaw  or  imperfect  weld  about  f  in.  wide  by  -^t  i^i-  deep. 

"  Gauge  points  had  been  marked  on  the  bar,  and  the  following 
measurements  of  the  permanent  extension  were  obtained  : — 

Gauge  Points. 


f     g     h     k     I 


Points  between 
which  extension 
was  measured. 


Original 
length. 


Extended 
length. 


Elongation. 


Elongation 
per  cent. 


a — fa 
b—k 
e—h 
d—g 


10-5 

10-0 

9-0 

8-0 

7-0 


11-12 

10-60 

9-53 

8-44 

7-35 


0-62 
0-60 
0-53 
0-44 
0-35 


5-9 
6-0 
5-9 
5-5 
5-0 


"  The  extension  is  a  little  irregularly  distributed  along  the  length, 
as  might  be  expected  in  an  ingot  somewhat  imperfectly  worked  under 
the  hammer.  The  extensions  are  good  if  the  ingot  is  considered  to 
be  wrought  iron,  or  rather  small  if  it  is  considered  to  be  a  soft  steel. 

"The  longer  piece  of  the  bar  was  then  again  tested  with  4-in. 
gauge  points.  It  then  broke  fairly  within  the  gauge  points  at  a  place 
where  there  was  no  flaw.  If  this  test  is  taken  as  the  proper  measure 
of  the  strength  and  ductility,  the  following  are  the  results : — 

Breaking  load  =  9' 200  tons. 
Tenacity  =:  25*44  tons  per  sq.  in. 
Elastic  limit  (as  above)  =  13'63  tons  per  sq.  in. 
Ultimate  extension  (sum  of  the  extensions  in  the  two  tests)  ■=- 
about  10'5  per  cent,  in  10  ins. 

"  The  tenacity  is  a  little  high  if  the  bar  is  considered  to  be  wrought 
iron,  and  rather  low  if  it  is  considered  a  mild  steel.  The  fracture  was 
crystalline  like  that  of  a  rather  steely  iron.  Probably  the  material  is 
most  like  a  mild  puddled  steel.  Generally  speaking,  the  material  may 
be  said  to  be  of  good  quality,  but  not  sufficiently  worked  under  the 
hammer." 

In  order  to  determine  its  general  chemical  composition,  portions  of 


DOUGAL:   A   SPECIMEN   OF  EARLY   SCOTTISH   IRON.  749 

the  metal  were  removed  by  boring  at  a  number  of  points  along  the 
bar.  As  the  analytical  methods  employed  were  those  well  established, 
no  detailed  description  is  necessary.  The  silicon  was  estimated  by 
treating  the  iron  with  hydrochloric  acid,  fusing  the  residue  thus 
obtained  with  sodium  carbonate  and  nitre,  and  isolating  the  silica 
by  means  of  hydrochloric  acid  in  the  usual  way.  Sulphur  was 
determined  by  oxidising  the  sulphuretted  hydrogen  evolved  on  treat- 
ing the  iron  with  hydrochloric  acid  by  means  of  bromine,  and  pre- 
cipitating the  sulphur  as  barium  sulphate;  carbon,  by  treating  the 
metal  with  a  solution  of  potassium  and  cupric  chlorides,  and  oxidising 
the  residue  by  chromic  oxide  and  sulphuric  acid,  and  absorbing  the 
carbon  dioxide  in  a  weighed  soda-lime  tube ;  phosphorus,  by  the 
molybdate  method,  followed  by  precipitation  as  magnesium  am- 
monium phosphate ;  manganese,  by  the  microcosmic  salt  method,  and 
weighing  as  manganic  pyrophosphate.  The  small  amount  of  titanium 
was  obtained  by  treating  the  silica,  from  about  23  grams  of  iron,  with 
sulphuric  and  hydrofluoric  acids,  fusing  the  residue  with  acid  potas- 
sium sulphate,  dissolving  the  fused  mass  in  sulphurous  acid,  and 
precipitating  the  titanic  acid  by  sodium  acetate  and  acetic  acid.  The 
iron  was  directly  estimated  by  means  of  a  standardised  permanganate 
solution.  The  mean  results  of  concordant  determinations  expressed 
in  per  cents,  are  as  follows. 

Carbon 0-192 

Silicon 0-077 

Sulphur    0-012 

Phosphorus 0-087 

Manganese    0-038 

Titanium 0-002 

Iron 99-770 


100-178 
A  somewhat  smaller  piece  of  the  metal,  found  on  the  same  occa- 
sion,  but   not   belonging   to   the   same   ingot,    was    taken  away   by 
Dr.  Tilden,  and  analysed  in  the  laboratory  of   Mason  College,  with 
the  following  results  (Proc.  Birmingham  Fhil.  Soc,  9,  Part  I). 

Carbon    0-14 

Silicon 0-047 

Sulphur traces 

Phosphorus     0*247 

Manganese 0*08 

With  a  view  of  ascertaining  its  character  as  merchantable  iron, 
Mr.  F.  T.  Ames  was  good  enough  to  fashion  the  metal  of  Dr.  Thorpe's 
ingot  into  an  ornamental  stand,  according  to  a  design  supplied  under 
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the  direction  of  Mr.  Armstrong  of  the  Science  and  Art  Department. 
Mr.  Ames  reports  that  the  metal  was  found  to  weld  at  a  much  lower 
temperature  than  modern  charcoal  iron,  a  yellow  heat  being  suffi- 
cient for  this  purpose.  When  brought  to  a  full  white  heat  (the  weld- 
ing point  of  modern  iron),  it  blistered,  and  the  fibre  was  destroyed. 
Whilst  hot,  it  was  extremely  soft,  and  was  worked  with  great  ease, 
but  it  was  somewhat  brittle  when  cold.  A  bar,  nicked  with  a  chisel 
and  struck  with  a  hammer,  broke  off  like  cast  iron  without  pulling. 
Modern  charcoal  iron  can  be  hammered  out  to  a  certain  extent  with- 
out being  heated,  but  the  Fasagh  iron  split  into  flakes  when  worked 
cold.  Its  fibre  is  very  fine  and  delicate,  and  resembles  the  Swedish 
iron  used  by  English  smiths  of  the  17th  and  18th  centuries. 

All  the  foregoing  results,  physical,  chemical,  and  mechanical, 
clearly  demonstrate  that  the  average  character  of  even  the  best 
merchant  bar  of  to-day,  despite  the  enormous  advance  in  metal- 
lurgical skill  and  mechanical  appliances  of  modern  times,  is  but 
little  if  at  all,  superior  to  that  of  the  product  of  three  centuries  ago, 
much  of  which  was  derived  from  relatively  poor  ores  and  smelted  by 
comparatively  primitive  methods. 

Royal  College  of  Science, 
South  Kensington. 


LVII. — The  Maximum  Molecular  Deviation  in  the  Series 

of  the  Ethei^eal  Salts  of  active  Diacetylgly eerie  acid. 
By  Percy  Frankland,  Ph.D.,  B.Sc,  F.R.S.,  and  John  MacGregor, 

M.A. 

In  previous  communications,  we  have  .shown  how  the  rotatory  powei- 
of  active  glyceric  acid  is  influenced  by  the  replacement  of  its  carb- 
oxylic  hydrogen  by  the  radicals  methyl,  ethyl,  propyl  (normal  and 
iso),  butyl  (normal,  iso,  and  secondary),  heptyl  (normal),  and  octyl 
(normal),  and  by  the  study  of  this  homologous  series  of  ethereal  salts, 
it  was  found  that  whilst  the  specific  rotation  underwent  continuous 
increase  in  passing  from  methylic  to  normal  butylic  glycerate,  the 
specific  rotation  of  heptylic  glycerate  was  inferior  to  that  of  the 
normal  butylic,  and  the  specific  rotation  of  the  normal  octyl ic  in- 
ferior to  that  of  the  heptylic  glycerate.  In  other  words,  this  homo- 
logous series  of  ethereal  salts  with  normal  radicals  exhibits  a  max 
imum  specific  rotation  which  is  reached,  in  ascending  to  the  series,  at 
the  normal  butylic  compound  (the  amylic  and  hexylic  compounds 
have  not  yet  been  studied),  beyond  which  the  introduction  of  higher 
radicals  leads  to  a  gradual  diminution.     The  passage  through  such  a 
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maximum  is  similarly  apparent  from^  a  comparison  for  these  com- 
pounds of  what  has  been  termed  by  Guye  the  molecular  deviation,  or 
[o]d,  and  which  is  calculated  from  the  formula 

^\d 
X  is  the  observed  angle  of  rotation,  L  the  length  of  the  polarimeter 
tube,  M  the  molecular  weight,  and  d  the  density.  The  particular 
advantage  claimed  for  this  new  constant  being,  that  by  its  means  the 
rotations  of  lengths  of  liquid  containing  the  same  number  of  mole- 
cules are  compared. 

We  have  further  shown  that,  quite  similarly,  in  the  homologous 
series  of  the  ethereal  salts  of  diacetylglyceric  acid,  the  successive 
replacement  of  the  carboxylic  hydrogen  by  the  radicals  methyl, 
ethyl,  and  normal  propyl,  leads  to  the  specific  rotation,  and  the  mole- 
cular deviation  [^]d>  undergoing  successive  increase,  and  it  became, 
therefore,  a  matter  of  interest  to  ascertain  whether,  in  this  series  also 
the  rotatory  power  would  attain  a  maximum,  or  whether  it  would 
continuously  rise  with  the  introduction  of  higher  and  higher  radicals. 
This  point  we  have  decided  by  the  preparation  and  stady  of  the 
normal  heptjlic  and  octylic  salts  of  diacetylglyceric  acid,  which  form 
the  subject  of  the  present  communication. 

Hepiylic  Diacetylglycerate,  CH2(OC2H30)-CH(OaH30)-COOC7Hi5. 

Active. — The  active  heptylic  glycerate  was  in  the  first  instance  pre- 
pared as  previously  described  (Trans.,  1893,  63,  1412),  the  purifieil 
product  obtained  having  nearly  the  same  rotatory  power  as  on  the 
previous  occasion,  thus  the  observed  rotation  of  the  former  specimen 
was 

ap  =  -  11-65°  at  18°  (in  the  99-2-mm.  tube). 

whilst  with  this  one  it  was 

ax,  =  -  11-85°. 

This  active  heptylic  glycerate  was  converted  into  the  diacetyl- 
glycerate  by  running  20  grams  of  it  into  60  grams  of  acetyl  chloride 
kept  at  aboat  50°.  The  excess  of  acetyl  chloride  was  distilled  off 
under  ordinary  pressure,  the  remainder  being  then  distilled  over 
im  oil-bath  in  a  vacuum.  Nearly  the  whole  passed  over  between 
172  and  175°  (temp,  of  oil-bath  203—206°),  very  little  residue  re- 
maining. Of  this  crude  product,  26-15  grams  were  obtained;  it 
exhibited  a  rotation  ao  of  —17-25°  at  19°  in  the  992  mm.  tube. 
On  redistillation,  the  purest  fraction  had  a  rotation  aj,  of  — 17-35° 
at  18°,  in  the  99-2  mm.  tube,  nor  did  the  rotatory  power  undergo  any 
further  sensible  alteration,  in  spite  of  repeated  refractionation.     The 
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final  product  passed  over  at  174°,  under  a  pressure  of  10  mm.  (temp, 
of  oil-bath  =  205'').  With  this  product,  the  following  polarimetric 
observations  were  made. 

Temperature     4"  8"  10°  14-5° 

a^  for  99-2-mm.  tube  ..    -16-80     17-03        17-10        17-35 

The  mean  increase  in  the  rotation  for  a  rise  of  1°  C.  is  thus  0-05°, 
so  that  the  observed  rotation  for  15°  may  be  taken  as  — 17*38°.  As 
the  density  at  15°/15°  of  this  product  was  found  to  be  1*0537,  the 
specific  rotation  follows 

[a]D  =  -16-63°  for  15°  C. 

The  same  product,  on  hydrolysis  with  alcoholic  potash,  gave  the 
following  results. 

Parts  of  KOH  required  to 

Lydrolyse  100  parts  of 

suljstance. 

Experiment   58-46 

Theoretical  for  heptylic  diacetylglycerate  .      58-33 

On  combustion, 

0-2555  gave  0-5418  CO2  and  0-1927  H2O.  C  =  57-85  ;  H  =  8-38. 
0-2600  '  „  0-5529  „  „  0*1955  „  C  =  58*00 ;  H  =  8*35. 
0-2614  „  0-5541  „  „  0*1982  „  C  =  57*80 ;  H  =  8*42. 
O-2065  „  0*4378  „  „  0-1556  „  C  =  57-82 ;  H  =  8-37. 
0*2574  „  0-5465  „  „  0-1936  „  C  =  57-91 ;  H  =  8-36. 
CuH^Oe  requires  C  =  58-33 ;  H  =  833  per  cent. 

Octylic  Diacetylglycerate,  CHa(OC2H30)*CH(OC2H30)*COOC8Hn. 

Active. — In  our  previous  communication  (loc.  cit.,  1413),  we  pointed 
out  that  the  octylic  alcohol  obtained  from  Kahlbaum  had  required 
repeated  fractionation,  and  even  then  we  found  its  density  to  be 
0*8323  at  15°/15°,  and,  therefore,  appreciably  higher  than  that  given  by 
Perkin,  namely,  0*83025  and  0*83007  (Trans.,  1884,  45,  473).  Before 
repeating  the  preparation  of  the  active  octylic  glycerate  as  the 
starting  point  for  the  diacetyl-compound,  we  determined,  if  possible, 
to  further  purify  the  octylic  alcohol  in  question.  Believing  the  exces- 
sive density  to  be  due  to  traces  of  water  in  the  alcohol,  we  treated 
the  portion  which  had  been  purified  as  far  as  possible  by  fractiona- 
tion, and  which  still  exhibited  a  density  of  0*8319  at  15715°,  with 
lime,  after  which  the  density  fell  to  0-8313,  and,  by  repeated  treat- 
ment with  small  pieces  of  sodium,  we  further  reduced  it  to  0-8307. 

With  this  purified  octylic  alcohol,  the  active  octylic  glycerate  was^ 
pi-epared  as  before,  and  obtained  at  ordinary  temperatures  as  a  solid, 
crystallising  in  radiating  needles,  and  exhibiting  in  a  state  of  super- 
fusion  at  14°,  an  observed  rotation,  ao,  of  —1015°  in  the  99*2  mm. 
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tube,  which  closely  corresponds  with  the  figure  previously  obtained, 
namely,  —10-40°  at  19°. 

The  acetylisation  of  this  product  was  effected  in  the  usual  manner, 
20  grams  of  the  octylic  glycerate  being  run  into  60  grams  of  acetyl 
chloride ;  after  removing  the  excess  of  acetyl  chloride  by  distillation 
under  atmospheric  pressure,  there  were  obtained  31 '6  grams  of  crude 
product  by  distillation  in  a  vacuum,  nearly  the  whole  passing  over 
between  183°  and  184°,  and  only  a  few  drops  of  discoloured  residue 
remaining  behind  in  the  distilling  flask. 

This  crude  product  exhibited  a  rotation  a^  of  —15*75°  at  12*5°, 
in  a  99"2  mm.  tube. 

After  repeated  fractional  distillation  in  a  vacuum,  the  purified  pro- 
duct had  the  constant  rotation  of  ap  =  —  32"4°  at  10"1°,  in  the 
198*4  mm.  tube,  whilst  a  similar  observation  made  at  18°  gave  the 
rotation  —33*0°,  from  which,  by  interpolation,  is  obtained  for  15°  the 
figure  —  32'77°,  whilst  an  observation  made  at  14*5°  actually  gave 
-32-77°.  The  density  at  15°/15°  was  found  to  be  1-0408,  from  which 
follows,  therefore,  the  specific  rotation 

[a]D  =  -  15-87°  for  15°  C. 
This  active   octylic  diacetylglycerate  distilled  at  185 — 186°  under 
a  pressure  of  11-5  mm.  (temperature  of  oil-bath,  221 — 222°). 

On  hydrolysis  with  alcoholic  potash,  it  gave  the  following  results. 

Parts  of  KOH  required  to 
hydrolyse  100  parts  of 
substance. 

(1)    55-52 

(2) 55-76 

Theoretical  for  octylic  diacetylglycerate  . .      65-63 

On  combustion, 
0-2553  gave  05548  CO2  and  01987  H2O.     C  =  59-26  ;  H  =  8-66. 
0-2659     „     0-5770    „       „    0-20825  „         C  =  59-18 ;  H  =  8-70. 
CisHzeOg  requires  C  =  59-60 ;  H  =  8-60  per  cent. 

The  general  properties  of  these  two  new  ethereal  salts  of  diacetyl- 
glyceric  acid  are  similar  to  those  which  we  have  already  described 
for  the  lower  members  of  the  series ;  they  are  colourless,  almost 
inodorous,  viscid  liquids,  which  do  not  solidify  on  exposure  to  the 
cold  obtainable  by  means  of  a  mixture  of  ice  and  salt.  They  have 
thus  lower  melting  points  than  heptylic  and  octylic  glycerate,  for 
both  of  these  compounds  are  easily  solidified  on  exposure  to  the  same 
degree  of  cold,  crystallising  in  beautiful,  thin,  radiating  needles, 
which  melt  in  the  case  of  heptylic  glycerate  at  8-5°,  and  in  that  of 
octylic  glycerate  at  22-5°. 

The  stability  of  the  ethereal  salts  of  diacetylglyceric  acid  is,  as  has 
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been  already  pointed  out  by  us,  mucb  greater  than  that  of  the  corre- 
sponding ethereal  salts  of  glyceric  acid,  but  we  were  not  able  to  distil 
these  heptylic  and  octylic  diacetylglycerates  under  atmospheric  pres- 
sure without  some  slight  decomposition  taking  place ;  their  boiling 
point  is,  however,  about  300°. 

The  physical  properties  of  the  several  ethereal  salts  of  diacetyl- 
glyceric  acid  which  we  have  prepared  are  collected  in  the  following 
table. 

These  figures  clearly  show  then  that  in  this  series  of  the  ethereal 
salts  of  diacetylglyceric  acid  the  rotatory  power  acquires  a  maximum 
value,  and  then  suffers  decline,  just  as  has  already  been  shown  by 
us  to  be  the  case  for  the  ethereal  salts  of  glyceric  acid  itself.  This 
maximum  is,  moreover,  similarly  situated  in  both  cases,  being 
attained  for  the  normal  series  at  the  butyl,  pentyl,  or  hexyl  term  ; 

Molecular  Eotation    [M]o  and  Moleculae  Deviation  [2]l  of  Etheeeal 
Salts  op  G-ltceeic  and  DiACETYLaLYCEEic  Acids. 


CII,       CJIs       C3II,      C,H,,      CJIn     C,II,,      C;II,5       CgH,; 


-140 


-120' 


-100 


-140° 


120'' 


■100° 


-   80° 


-   60= 


-    40° 


-   20° 


CII3       CJI,       C3II7       C.IJo      CJi,,     C0II13      CVIiis       C^U„ 
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for  the  heptylic  and  octylic  diacetylgylcerates,  like  fclie  correspond- 
ing glycerates,  are  already  distinctly  on  the  downward  gradient. 

This  point  is  most  conspicuously  illustrated  by  means  of  the 
following  graphical  representation  in  which  the  relationship  between 
the  molecular  rotation  [M]d,  and  the  molecular  deviation  [^]d,  of  the 
several  glycerates  and  diacetyl glycerates  is  exhibited : — 

The  above  diagram  clearly  shows  also  that  the  curves  for  the 
diacetyl  glycerates  and  glycerates  are  approximately  parallel,  or  in 
other  words  that  the  difference  in  rotatory  power  between  the 
glycerates  and  corresponding  diacetylglycerates  is  roughly  constant. 
The  differences  between  the  several  rotation-constants  of  the  re- 
spective ethereal  salts  of  glyceric  and  diacetylglyceric  acids  are 
recorded  in  the  following  table,  from  which  it  will  be  seen  that  on 
the  whole  these  differences  diminish  in  ascending  the  series  : — 


Difference  between 

ethereal  salts  of  glyceric 

and  diacetylglyceric 

acids  in  respect  of 


Observed  rotation  on  . . 
Specific  rotation  [aJD  .  . . 
Molecular  rotation  [M]d 
Molecular  deviation  [S]d 


CH, 


16-45 
7-24 
18-80 
52-1 


C,H.. 


15-76 
7  13 
23-26 
55-4 


norm. 


14-10 
6-53 
26-02 
54-6 


C3H7, 

iso-. 


13-40 
6-15 
24-20 
51  3 


C4H9, 
norm. 


iso-. 


13-46 
6-25 
27-33 
53-8 


CyHi 


CsHiT 


11-46 
5-33 
24-84 
45-3 


11-97 
5-65 
25-64 
46-7 


As  first  pointed  out  by  Guye  and  Chavanne  (Compt.  rend.,  116, 
1454)),  this  remarkable  phenomenon  of  a  maximum  rotation  in  an 
homologous  series  can  be  deduced  from  the  "  product  of  asymmetry," 
and  we  have  shown  in  the  case  of  the  ethereal  salts  of  glyceric  acid 
that  the  calculated  and  experimental  maxima  are  not  far  apart,  thus 
the  product  of  asymmetry  is  greatest  for  propylic  glycerate,  and  the 
experimental  maximum  molecular  deviation  falls  on  the  butylic 
compound  in  the  normal  series.  In  the  case  of  the  diacetylglycerates, 
on  the  other  hand,  the  maximum  product  of  asymmetry  and  the 
experimental  maximum  of  molecular  deviation  are  very  widely 
separated,  for  whilst  the  latter  again  probably  falls  on  the  butylic  or 
at  ihe  highest  on  the  hexylic  compound,  the  maximum  product  of 
asymmetry  is  not  reached  until  the  diacetylglycerate  of  the  radical 
C13H27. 

We  have,  however,  already  shown  the  complete  discrepancy  be- 
tween the  calculated  product  of  asymmetry  and  the  molecular  devia 
tion  of  the  methylic  and  ethylic  diacetylglycerates,  for  each  of  which 
the  product  of  asymmetry  is  zero,   although   both   are  powerfully 
active. 

Whatever  m.ay  be  the  explanation  of  this  phenomenon  of  maximum 
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rotation  in  an  Loraologous  series,  it  is  certainly  now  one  of  the  best 
established  and  most  striking  facts  connected  with  the  rotatory 
polarisation  of  organic  liquids. 

It  is  obviously  a  matter  of  great  importance  to  compare,  in  a 
number  of  homologous  series  of  active  compounds,  the  exact  point  at 
which  this  maximum  is  attained,  and  it  is  certainly  striking  that  in 
two  series  in  which  the  relation  between  the  masses  of  the  groups 
attached  to  the  asymmetric  carbon  atom  is  so  entirely  different  as  in 
the  glycerates  and  diacetylglycerates  respectively,  the  maximum 
should  have  the  same  position.  From  this  it  would  appear  that  the 
attainment  of  the  maximum  in  these  two  series  is  solely  dependent 
on  the  nature  of  the  positive  radical  introduced.  Thus  the  normal 
butyl  radical  has  a  greater  rotatory  effect,  or  gives  rise  to  a  greater 
degree  of  dissymmetry  in  the  molecule  than  the  propyl,  ethyl,  and 
methyl  radicals  on  the  one  band,  and  than  the  heptyl,  octyl,  and 
doubtless  the  higher  radicals  on  the  other.  Associated  with  the 
same  phenomenon  is  also,  doubtless,  the  fact  that  the  rotatory  effect 
of  the  normal  propyl  radical  is  greater  than  that  of  isopropyl, 
vvhilst  the  rotatory  effect  of  the  isobutyl  radical  is  greater  than  that 
of  the  normal,  but  the  normal  butyl  has  a  greater  rotatory  effect  than 
that  of  the  secondary  butyl  radical,  the  latter  being  indeed  inferior 
to  that  of  isopropyl. 

In  the  same  way  it  is  to  be  anticipated  that  a  maximum  rotation 
will  be  exhibited  by  the  successive  substitution  with  increasing 
negative  radicals  of  the  hydroxylic  hydrogen  atoms  in  a  given  etheral 
salt  of  glyceric  acid.  We  have  also  already  obtained  some  results  in 
this  direction.  Thus  starting  with  methylic  glycei-ate,  the  rotation 
of  methylic  diacetylglycerate  exhibits  a  great  increase,  the  rotation 
of  methylic  dipropiouylglycerate  is  somewhat  less  than  that  of  the 
diacetyl  compound,  whilst  methylic  dibenzoylgly cerate  has  a  strong 
lotation  in  the  opposite  direction. 

This  reversal  of  the  sign  in  the  case  of  the  dibenzoylglycerate  is, 
however,  by  no  means  in  accordance  with  the  mere  mass-relationships 
of  the  groups,  thus 

(31)  (73)  (87) 

CH.OH  CHjO-C^HaO  ch^o-gji.o 

1  I  I 

H— C— OH  H— C— O-C^H.O  H—C—0-CJI,0 

(1)         I  (17)  (1)        I  (59)  (I)         I  (73) 

COOCH3  COOCH3  COOCH3 

(69)  (59)  (59) 

Methylic  Methylic  Methylic 

gly  cerate.  diacetylglycerate.  dipropionylgly  cerate. 
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(135) 

CHjO-C^H^O 

i 
H— C— O-aH.O . 

•(1)  I  (121) 

COOCH3 
(59) 
Methylic 
dibenzoylgljcerate. 

It  will  be  seen  that  metliylic  diacetylglycerate  should  be  inactive,  or 
at  any  rate  less  active  than  methylic  glycerate,  whilst  as  a  matter  of 
fact  it  is  considerably  more  laevorotatory  than  the  latter.  Again  in 
passing  from  methylic  glycerate  to  methylic  dipropionylglycerate  tne 
centre  of  gravity  undergoes  two  changes  of  position,  so  that  the  sign 
of  the  rotation  should  be  the  same  in  both  compounds,  and  this  is 
actually  the  case.  Again,  in  methylic  dipropionylglycerate  and  in 
methylic  dibenzoylglycerate,  the  relative  positions  of  the  centre  of 
gravity  are  in  both  cases  the  same,  the  sign  of  rotation  should  there- 
fore be  the  same,  but  it  is  not,  the  former  compound  being  power- 
fully laevorotatory,  and  the  latter  strongly  dextro-rotatory. 

Thus  the  mere  consideration  of  the  relative  masses  of  the  groups 
arranged  round  the  asymmetric  carbon  atom  does  not  give  a  con- 
sistent explanation  of  the  optical  phenomena  exhibited  by  these  com- 
pounds. 

Again,  in  the  series  methylic  diacetyl-,  dipropionyl-,  dibutyryl-, 
&o.,  dibenzoyl-glycerate,  in  which  two  particular  bonds  of  the  asym- 
metric carbon  atom  are  more  and  more  heavily  weighted,  it  would  be 
anticipated  that  the  activity  should  gradually  diminish  as  the  masses 
iittached  to  these  two  bonds  become  greater,  and  therefore  more 
equalised,  the  sign  of  the  rotation  should,  however,  remain  the  same 
throughout.*  This  anticipation  is  only  partially  realised,  thus 
methylic  dipropionylglycerate  is  less  laevorotatory  than  methylic  di- 
acetylglycerate, and  the  dibutyrylglycei-ate,  which  we  have  not  yet 
prepared,  will,  doubtless,  be  less  laevorotatory  than  the  dipropionyl- 

*  "The  gradual  diminution  in  optical  activity  which  attends  the  gradual  equalisa- 
tion of  the  masses  of  two  groups  attached  to  an  asymmetric  carbon-atom  is  rery 
beautifully  exhibited  by  the  series  given  by  M.  Freundler  (Compt.  rend.,  117, 
556)  :— 

[o]d  for  Dipropylic. 

Diacetyl-         Dipropionyl-  Dibutyryl-     Di-»-valeryl-  Di-»  caproyl- 
Tartrate.  tartrate.  tartrate.  tartrate.  tartrate.  tartrate. 

+  12-4°  +  13  •4»  +  7-9-  +6-0'=  +6-7°  +  2-9° 

But  whilst  it  is  in  harmony  with  the  product  of  asymmetry  in  respect  of  these 
two  groups,  it  is  discordant  with  the  same  in  other  respects,  for  in  propylic  dibutyryl- 
tartrate  there  are  two  groups  of  equal  mass  without  inactivity,  and  there  should  be 
a  change  of  sign  for  the  valeryl  and  caproyl  compounds. 
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glycerate ;  but  instead  of  the  methylic  dibenzoylglycerate  exhibiting 
a  still  further  approach  to  inactivity,  it  has  a  powerful  rotation  of 
opposite  sign.  It  would  appear,  therefore,  that  it  is  only  in  the  first 
few  terms  of  such  a  series  that  there  is  coincidence  between  the 
theory  of  masses  and  actual  fact,  and  that  the  higher  terms  exhibit 
an  anomalous  behaviour.  It  is  obvious,  moreover,  if  we  take  into 
consideration  the  special  arrangement  of  such  groups  of  increasing 
magnitude  that  such  departure  must  be  very  early  expected,  for, 
assuming  the  retention  of  the  direction  of  the  carbon-bonds  according 
to  the  tetrahedron  figure,  ^ve  have  with  5  atoms  of  carbon  already  a 
ring-shaped  arrangement,  and  with  a  larger  number  of  carbon-atoms 
there  must  be  overlapping  in  one  and  the  same  group,  not  to  mention 
the  possible  distortions  of  the  molecule  according  to  the  "  most 
favoured  position  "  of  Wislicenus'  theory. 

That  the  optical  activity  is  dependent  on  such  changes  in  the 
molecular  architecture  is  brought  out  very  clearly  by  results  recently 
obtained  with  some  halogen  derivatives  of  active  compounds  by  Le 
Bel  (Bull.  Soc.  Chim.,  1893,  677).  Thus,  a  specimen  of  methylpropyl- 
carbinol  exhibiting  a  rotation  of  —6'4i2°  in  a  100  mm.  tube  was  con- 
verted into  the  corresponding  chloride,  iodide,  acetate,  propionate, 
and  butyrate  respectively,  with  the  following  changes  in  the  rotatory 
power. 

(15)    CH3.  /C3H7   (43)  (16)    CH3.  .C3H7    (43) 

/K  >^< 

(1)    W  ^OH    (17)  (1)    W         ^Cl    (35-5) 

-5-7°.  +17-0°. 

(15)    CH3.  .C3H7    (43) 

/^\ 

(1)  H  I  (127) 

-I- 1  -13°. 
(15)  CH3.  /C3H7  (43)  (15)  CII3.  ,CiB.^  (43) 

(1)  H^  ^OC^HaO  (59)  (1)  H^   ^OCsHsO  (73) 

-3-58°.  -6-47°. 

(15)CH3  /C3H7     (43) 

(1)  W  •OC4H7O  (87) 

-5-97°. 

From  this  it  will  be  seen  that  weighting  one  and  the  same  bond  of 
the  asymmetric  carbon  atom  with  OH  =  17,  CI  =  35'5,  and  I  =  127 
respectively,  produces  effects  on  the  rotation  which  do  not  follow  the 
masses,  but  rather  the  chemical  characters  of  these  groups,  a  result 
which  is  presumably  to  be  interpreted  as  due   in  part  also  to  the 
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alteration  effected  in  the  relative  positions  of  the  centres  of  gravity 
of  the  other  three  groups  by  the  attachment  of  OH,  CI,  and  I  re- 
spectively. 

Thus  if  it  be  assumed  that  the  rotatory  power  is  due  to  the  degree 
of  dissymmetry  in  the  arrangement  of  the  mass  of  the  molecule,  we 
must  look  to  the  accumulation  of  a  large  number  of  experimental 
data  concerning  the  rotatory  power  of  suitably  chosen  compounds  to 
throw  light  on  the  spacial  positions  of  the  constituent  atoms  which 
give  rise  to  the  dissymmetric  arrangement.  In  this  way  it  is  to  be 
anticipated  that  from  the  observations  of  optical  activity  it  will 
become  possible  to  draw  conclusions  concerning  the  relative  positions 
of  the  atoms  in  a  molecule  in  the  same  sort  of  way  as  has  already 
been  done  by  a  study  of  anhydride-formation  and  similar  condensa- 
tion phenomena. 


LVIII. — Observations  on  the  Injluence  of  Teri^peratuvL' 

on  the  Optical  Activity  of  Organic  Liquids. 

By  Percy  Frankland,  Ph.D.,  B.Sc,  Lend.,  P.R.S.,  and  John 
MacGregor,  M.A. 

That  the  rotatory  power  of  active  substances  is  affected  by  tem- 
perature has  been  long  known,  but  until  recently  few  systematic 
experiments  had  been  made  in  connection  with  this  subject.  In 
Landolt's  well  known  monograph,  Das  Optische  Drehungsvermogen 
organischer  Substanzen,  Brunswick,  1879,  it  is  stated  (p.  49)  that  as 
far  as  then  known  increase  in  temperature  is  most  commonly  accom- 
panied by  diminution  in  rotatory  power,  in  support  of  which  general- 
isation the  experiments  of  Gernez  on  the  specific  rotation  of  some 
ethereal  oils  are  cited.  In  these  experiments,  this  diminution  in 
rotatory  power  was  studied  between  the  temperatures  of  0°  and  150°. 
On  the  other  hand,  Landolt  himself  found  (p.  69)  that  the  specific 
rotation  [aj^  of  nicotine  increased  from  160'96°  at  10"2°  to  161'96° 
at  30°. 

Similarly  Pictet,  subsequently  Perkin,  and  more  lately  Preundler, 
have  observed  an  increase  in  the  rotatory  power  of  the  ethereal  salts 
of  tartaric  acid  with  rise  in  temperature. 

In  our  previous  communications  on  the  ethereal  salts  of  glyceric 
and  diacetylglyceric  acids,  we  have  incidentally  drawn  attention  to 
the  influence  of  temperature  on  their  rotatory  power,  and  have  shown 
that  whilst  the  rotation  of  both  glycerates  and  diacetylglycerates  is 
increased  by  rise  of  temperature,  the  latter  are  much  more  power- 
fully affected  in  this  way  than  the  former. 
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More  recently  we  have  had  occasion  to  examine  these  changes  in 
greater  detail,  and  over  wider  ranges  of  temperature. 

Effect  of  Temperature  on  Ethereal  Salts  of  Glyceric  acid. 

Some  months  ago,  Dr.  Perkin  kindly  measured  the  magnetic  rota- 
tion of  two  specimens  of  methylic  glycerate,  active  and  inactive,  which 
we  sent  him,  and  on  their  return  we  were  surprised  to  find  that  the 
rotation  of  the  active  methylic  glycerate  had  undergone  very  material 
increase  during  the  interval ;  thus,  whereas  it  originally  had  ocjy  = 
— 12'3°  (in  the  198"4  m.m.  tube),  on  its  return  the  rotation  was 
—  14-82°  at  18°,  and  —14-45°  at  10°.  We  have  recorded  similar  rises 
in  the  rotation  of  these  ethereal  glycerates  in  our  first  communica- 
tion (Trans.,  1893,  63,  523),  and  showed  that  they  were  due  to  partial 
decomposition  taking  place  on  long  keeping  at  the  ordinary  tem- 
perature, but  in  this  case  the  change  had  taken  place  in  a  much 
shorter  time,  namely,  in  less  than  three  weeks.  We  were  inclined  to 
attribute  this  more  rapid  change  to  the  fact  that  Dr.  Perkin  had  made 
observations  on  this  specimen  at  .35°,  and  that  this  comparativel}^ 
high,  temperature  had  promoted  the  decomposition. 

That  the  increased  rotation  was  due  to  decomposition  was  dis- 
tinctly proved  by  refractionating  the  specimen  in  a  vacuum,  when  a 
considerable  amount  of  non-volatile  material  was  left  (doubtless 
glyceric  anhydride),  whilst  some  distillate  which  was  obtained  at  a 
low  temperature  was  doubtless  methylic  alcohol,  the  main  distillate 
being  methylic  glycerate,  which  now  exhibited  its  normal  rotation, 
namely,  a^  (198-4  mm.  tube)  =  -12-6°  at  18 \  and  -12-1°  at  11°. 
Thus,  the  increase  in  rotation  caused  by  the  decomposition  is  doubt- 
less due  to  the  formation  of  alcohol  and  glyceric  anhydride,  and  the 
latter,  as  we  have  already  shown,  possesses  a  very  high  laevo-rotation ; 
when  the  unaltered  ethereal  salt  is  separated  from  the  non-volatile 
anhydride  by  distillation,  it  again  exhibits  the  rotatory  power  origi- 
nally observed. 

As  this  decomposition  is  thus  liable  to  occasion  the  most  serious 
disturbances  in  the  polarimetric  observations,  it  obviously  became 
necessary  to  further  investigate  the  conditions  under  which  it  takes 
place.  For  this  purpose,  we  employed  two  similar  and  freshly  pre- 
pared specimens  of  ethylic  glycerate,  A  and  B.  The  part  A,  imme- 
uiately  after  preparation,  was  cooled  down  to  the  lowest  temperature 
we  could  command  (4*9°),  and  at  this  temperature  its  rotation  was 
first  determined,  and  afterwards  at  temperatures  rising  to  35°,  and 
then  returning  again  to  the  low  temperature.  The  portion  B,  on  the 
other  hand,  was  first  examined  at  35°,  then  at  the  low  temperature, 
and  then  at  temperatures  rising  again  to  35°.  The  observed  rota- 
tions in  the  198-4  mm.  tube  under  these  conditions  were  as  follows. 

3  G  2 
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EthyUc  Gly cerate.     Portion  A. 


Tempera- 
ture. 

Observed  rota- 
tion in  198"4  m.m. 
tube.  aj). 

Date. 

Remarks. 

(1)     4-9° 

-21-07° 

28.2.1894 

Rotation  taken  as  soon  as  possible  after 

(2)   16-0 

-22-37 

28.2.1894 

preparation. 

(3)  35-0 

-23-43 

1.3.1894 

Kept  at  this  temperature  for  5^  hours 
before  measurement  was  made. 

(4)  15-3 

-22-55 

1.3.1894 

(5)     4-8 

-22-15 

2.3.1894 

(6)  13-0 

-23-20 

9.3.1894 

(7)     5-2 

-22-90 

10.3.1894 

(8)  35-0 

-26-25 

12.3.1894 

Had  been  kept  at  35°  for  24  hours  pre- 

(9) 35-0 
(10)  35-0 

-26-15 
-26-65 

13.3.1894 
16.3.1894 

viously. 
Had  been   kept    continuously   at    35° 

since  previous  observation. 
Had  been  heated  in  interval  at  100°  for 

3  hours  ;  during  the  remainder  of  the- 

time  it  was  kept  at  35'^. 

17.3.1894 

Had  become  quite  turbid  through  sepa- 
ration  of   white   flocculent   material, 
doubtless  glyceric  anhydride. 

Ethylic  Glycerate.     Portion  B. 


Observed  rota- 

Tempera- 

tion in  198-4  m.m. 

Date. 

Remarks. 

ture. 

tube.  OD. 

(1)  35-0° 

-23-50 

3.3.1894 

Prepared  on  2.3.1894,  and  kept  for  » 
hours  at  35°  before  measurement. 

(2)     4-8 

-22-27 

5.3.1894 

(3)  13-5 

-22-77 

jj 

(4)  35-0 

-24-05 

6.3.1894 

Kept  for  7  hours  at  35°. 

(5)  35-0 

-25-35 

7.3.1894 

Had   been  kept  at  35°  since   previovis- 

observation. 
No  anhydride  had  separated,  but  pro- 

(6)  13-3 

-23-45 

8.3.1894 

duet  was  becoming  slightly  yellow. 

These  two  series  of  observations  show  the  necessity  of  exercising 
the  greatest  caution  in  drawing  conclusions  as  to  the  effect  of  tem- 
perature on  rotatory  power.  Thus,  taking  the  first  three  observa- 
tions on  Portion  A  by  themselves,  it  would  appear  that  the  rotation 
was  extremely  susceptible  to  temperature,  an  increase  of  2'36°  having 
taken  place  for  a  rise  of  80°  in  temperature,  but  from  the  observa- 
tions which  follow  it  is  obvious  that  this  increase  is  largely  due  to 
decomposition,  the  rotation  having  become  permanently  raised  for 
all  temperatures.     Thus  also  a  very  materially  different  rotation  for 
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any  particular  temperature,  say  48°,  will  be  obtained,  according  as 
the  obserration  is  at  once  made  at  this  temperature,  or  only  after 
observations  have  been  previously  made  at  higher  temperatures.  As 
it  has  been  our  invariable  practice  to  determine  the  rotations  of  our 
ethereal  salts  at  average  air-temperatures,  that  is  about  12 — 18°, 
immediately  after  their  preparation,  this  decomposition,  which  goes 
on  but  very  slowly  at  such  temperatures,  has  not  materially  affected 
the  accuracy  of  the  observations  which  we  have  recorded,  nor  the 
deductions  which  we  have  made  from  them  concerning  the  relations 
between  optical  activity  and  chemical  constitution. 

The  supposition  that  the  increase  in  rotation  which  attends  this 
■decomposition  is  due  to  the  formation  of  the  highly  laevorotatory 
glyceric  anhydride,  is  supported  by  the  circumstance  that  in  the 
experiments  made  with  the  Portion  A  above,  there  was  finally,  when 
the  rotation  had  reached  its  highest  figure,  actually  a  separation  of 
what  was  almost  certainly  glyceric  anhydride.  In  order  to  further 
test  this  interpretation  of  the  decomposition,  we  acetylised  these  two 
portions  of  ethylic  glycerate  which  had  undergone  the  partial  decom- 
position in  question,  and  obtained  ethylic  diacetylglycerate  of  prac- 
tically exactly  the  same  activity  and  density  as  that  which  we  had 
previously  prepared  from  ethylic  glycerate  which  had  undergone  no 
such  decomposition,  thus  the  rotation  of  the  ethylic  diacetylglycerate 
prepared  from  the  decomposed  specimen  of  ethylic  glycerate  above  was 

ccj,  =  -37-22°  at  14-9°  in  the  198-4  mm.  tube, 
whilst  that  of  the  ethylic  diacetylglycerate  prepared  from,  an  unde- 
<5omposed  specimen  was 

ao  =  -37-46°  at  15°  in  the  198-4  mm.  tube. 

This  of  course  clearly  shows  that  the  increased  rotation  of  the 
.specimen  of  ethylic  glycerate  in  question  was  due  to  the  presence 
in  it  of  an  active  substance  which  does  not  yield  a  volatile  compound 
by  acetylisation,  and  not  to  any  change  in  the  activity  of  the  undecom- 
posed  ethylic  glycerate  itself. 

Owing  to  the  facility  with  which  this  decomposition  takes  place 
in  the  ethereal  salts  of  glyceric  acid  at  higher  temperatures,  it 
becomes  of  course  impossible  to  make  any  accurate  experiments  on 
the  direct  influence  of  temperature  on  their  rotatory  power.  An 
approximate  estimate,  however,  of  the  effect  of  temperature  may  be 
arrived  at  firstly  by  making  a  series  of  observations  with  falling  teTn- 
perature ;  thus  in  the  two  series  of  observations  A  and  B,  recorded 
above,  we  may  utilise  the  following  measurements  for  this  purpose 

Observations  r(3)  35  0°  C— (4)  15-3°  C.  =  0-045°  per  1"=  C. 
on  <  (4)  15-3       —(5)    4-8        =  0-038 

Portion  A.    I  (6)  13-0       —(7)    5-2         =  0-0.38 
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Observations  f  (1)  85-0°      —(2)    4-8"       =  0-041°  per  l^C. 
on  S 

Portion  B.     I  (5)  35-0       —(6)  13-3        =  0-087 

Mean  =  0-050°  diminution  in  rotation  per  1°  C.  fall  in  temperature. 

The  diminution  in  rotation  thus  arrived  at  for  a  fall  of  1°  in  tem- 
perature is  probably  somewhat  below  the  truth,  as  if  any  decomposi- 
tion had  taken  place  between  two  observations,  it  would  render  the 
later  measurement  at  the  lower  temperature  too  high,  and  thus 
diminish  the  difference.  On  the  other  hand,  by  making  a  similar 
series  of  observations  with  rising  temperature,  figures  will  be 
obtained  which  are  slightly  above  the  truth,  as  any  decomposition 
taking  place  between  two  observations  would  render  the  later 
measurement  at  the  higher  temperature  too  high,  and  thus  increase 
the  difference.  Thus  in  the  two  series  of  observations  A  and  B, 
recorded  above,  we  may  utilise  for  this  purpose  the  measurements 
made  on  the  rise  (excluding,  of  course,  those  in  which  considerable 
intervals  of  time  calculated  to  promote  decomposition  had  elapsed  J. 

Observations  f  (1)    4-9°  C— (2)  160°  C.  =  0-110°  per  1°  C. 
made  on     <  (2)  16-0       —(3)  35*0         =  0-056 
Portion  A.    1(7)    5-2       —(8)  35-0         =0-110 

Observations  f  (2)    4-8°      —(3)  13-5°        =  0-057°  per  1°  C. 
made  on     S 
Portion  B.    L (3)  13-5       —(4)350         =0-059 

Mean  =  0-078°  increase  in  rotation  per  1°  C.  rise  in  temperature. 

Thus  the  real  increase  in  rotation  for  a  rise  of  temperature  of  1°  C. 
must  lie  between  0*050°  and  0*078°,  but  the  fact  that  no  less  than 
three  out  of  the  five  observations  made  with  rising  temperature  are 
also  but  little  above  the  lower  figure,  points  to  the  latter  being  in 
all  probability  the  nearer  to  the  truth.  (These  figures  have  refer- 
ence to  the  observed  rotation  a^  with  the  1984  mm.  tube.) 

Methylic  Glycerate. — The  measurements  made  by  Dr.  Perkin  with 
this,  when  calculated  for  a  tube  of  198-4  mm.  length,  give — 

ajj  =  -  12-94°  at  12-6°  C. 
=  -  13-67   at  210  „ 
=  -  14-66   at  33-0  „ 

Mean  increase  =  0-085°  per  1°  C.  rise  in  temperature. 

This  figure  is,  therefore,  distinctly  greater  than  that  which  we 
obtained  for  the  ethylic  glycerate  above. 
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Influence  of  Temperature  on  the  Rotatory  Poiver  of  the  Ethereal  Salts  of 
Diacetylgly eerie  Acid. 

As  we  have  previously  shown,  these  ethereal  salts  are  much  more 
stable  than  those  of  glyceric  acid,  and  as  the  lower  members,  at  any 
rate,  can  be  distilled  under  atmospheric  pressure  without  decomposi- 
tion, and  without  change  in  rotatory  power,  they  lend  themselves 
better  to  the  investigation  of  the  influence  of  temperature  on  optical 
activity.  In  this  connection,  we  have  made  a  number  of  experi- 
ments with  ethylic  and  octylic  diacetylglycerates  respectively. 

With  ethylic  diacetylglycerate  the  following  measurements  were 
made. 

Observed  rotation  in  198'4  mm.  tube. 
Temperature.  ap. 

14-9°  -37-22° 

350  -39-65 

6-3  -3602 

35-0  -39-70 

These  figures  show  that  the  substance  had  undergone  no  permanent 
altei-ation  in  rotation  during  the  course  of  the  observations,  and 
that  the  increment  in  rotation  attending  rise  in  temperature  is,  there- 
fore, wholly  attributable  to  the  direct  influence  of  temperature,  and 
not  to  any  decomposition,  as  was  the  case  with  ethylic  glycerate. 

The  rotation  of  this  ethylic  diacetylglycerate  is,  in  fact,  exceedingly 
sensitive  to  temperature,  a  rise  of  1°  in  temperature  being  attended 
with  a  mean  increase  of  0-127°  in  the  rotation  observed  in  the 
198'4  mm.  tube. 

^     Observed  Rotation  od  in  1984  mm.  tube  of  ethylic  diacetylglycerate  and 
octylic  diacetylglycerate  at  different  temperatures. 
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The  great  regularity  of  this  increase  in  rotation  with  the  rise  in 
temperature  is  exhibited  by  means  of  the  diagram  on  p.  765,  in  which 
the  abscissae  represent  temperature  and  the  ordinates  the  observed 
rotations. 

With  octylic  diacetylglycerate,  the  following  measurements  were 

made. 

Observed  rotation  in  198"4  mm.  tube. 
Temperature.  a^ 

10-5°  -32-40" 

35-0  -33-85 

10-3  -32-40 

Another  series  of  observations  gave  the  following  results  : — 
10-1°  -32-40° 

34-0  -33-82 

23-0  -33-30 

14-5  -32-77 

18-0  -33-00 

27-5  -33-55 

1-4  -31-83 

These  figures  again  clearly  show  that  during  the  period  of  the 
observations  the  rotation  underwent  no  permanent  alteration,  and 
they  further  show  that  the  rotation  of  octylic  diacetylglycerate  is 
very  considerably  less  sensitive  to  temperature  than  that  of  the 
ethylic  compound,  for  the  mean  increment  in  rotation  is  only  0-062° 
for  1°  rise  in  temperature  in  the  case  of  the  octylic,  whereas  it  was 
0-128°,  or  exactly  double,  in  the  case  of  the  ethylic  compound. 

The  great  contrast  in  the  sensitiveness  to  temperature  of  the  rota- 
tion thus  exhibited  by  ethylic  and  octylic  diacetylglycerates  has  led 
us  to  examine  some  of  the  other  homologues  in  this  respect. 

Methylic  Diacetylglycerate. — In  our  previous  communication,  we 
have  recorded  the  rotation  of  a  specimen  of  this  substance  at  two 
different  temperatures. 

aji  =  —28-45°  at  14°  in  the  198-4  mm.  tube. 
=  -29-05   at  17 
These  figures  show  an  increase  of  no  less  than  0-20°  for  1°  C.  rise  in 
temperature,  which  is  thus  considerably  in  excess  of  the  increase 
exhibited  by  ethylic  diacetylglycerate  given  above. 

We  have,  therefore,  made  some  further  measurements  over  a  wider 
range  of  temperature  with  another  specimen,  and  have  obtained  the 
following  figures. 

ocj)  =  -26-30°  at    1-9°  in  the  198-4  mm.  tube. 
=  -28-35   at  13-5 
=  -31-30   at  35-0 
Mean  increase  =  0-155°  per  1"  C. 
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Thus  the  figure  obtained  in  these  more  accurate  determinations  is 
again  markedly  higher  than  that  for  ethylic  diacetylglycerate. 

Normal  Propyltc  Diacetylglycerate. — "We  have  made  the  following 
measurements  with  a  specimen  of  this, 

ajj  =  —20-40°  at  13-8°  in  the  99-2  ram.  tube. 
=  -20-60   at  16-9 
=  —20-77   at  20-6 

from  which  the  mean  increase  of  0-055°  per  1°  C.  rise  in  temperature 
is  obtained;  but  this  figure  must  be  multiplied  by  two  in  order  to 
render  it  comparable  with  the  others,  as  the  observations  were  made 
in  a  tube  of  only  half  the  length.  The  mean  increase  for  the  normal 
propylic  compound  is  thus  0-11°  per  1°  C,  which  is  a  little  low^er  than 
that  for  the  ethylic  compound. 

Isopropylic  Diacetylglycerate. — Several  measurements  at  different 
temperatures  were  recorded  by  us  in  our  previous  communication, 
with  specimens  of  different  degi^ees  of  purity,  thus  the  a^  in  the 
198-4  mm.  tube  was 


Specimen. 


ao. 

Temp. 

-38-85° 

14-0° 

-39-25 

17-5 

-38-10 

14-0 

-38-70 

19-0 

-39-95 

14-0 

-40-50 

19-0 

-40-15 

15-0 

-40-55 

18-0 

-39-08 

13-9 

-41-42 

35-0 

-37-60 

1-9 

Increase  per  1°C. 


No.  1 I 

No.  2 I 

No.  3 j 

No.  4 I 

No.  5 


0-11' 
0  12 
Oil 
0  13 

0-116 


Although  the  sevei-al  specimens  were  not  all  of  quite  the  same 
degree  of  purity,  yet  the  increase  in  all  is  very  equal. 

Isohutylic  Diacetylglycerate. — Of  this  we  have  only  one  pair  of 
measurements  on  record,  and,  unfortunately,  only  in  the  shorter 
tube, 

ao  =  -  22-43°  at  16-5°  in  the  99-2  mm.  tube. 
=  -  22-73  at  20-7 
Increase  =  (0-07  X  2)  =  0-14  per  1°  C. 

As  the  above  determinations  were  made  over  such  a  small  range  of 
temperature,  we  have  repeated  the  measurements  on  another  speci- 
men, of  which,  however,  we  again  had,  unfortunately,  only  sufficient 
to  fill  the  short  tube  ;  this  specimen  was  not  quite  as  pure  as  the 
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former  one,  but  it  is  not  probable  that  the  influence  of  temperature 
would  be  much  altered  by  this  circumstance, 

ao  =  -  21-80°  at  22°  C.  in  the  99-2  mm.  tube. 
=  ~  21-50   at  15° 

Increase  in  rotation  =  0-043  x  2  =  0-086°  per  1°  C.  calculated  on 
a  198-4  mm.  tube. 

Normal HeptijUc  Diacetylglycerate,  in  the  198-4  mm.  tube. 


Specimen. 


No.l I 

No.  2 I 

No.3 *! 

L 


-34-55° 
-35-15 

-17-15 
-17-40 

-16-80 
-17-03 
-17-10 
-17-35 


Temp. 


Increase  per  1°  C. 


}     » 
}     »• 


109° 
126 


0-105 


Thus,  altogether  the  mean  increase  =  0-113  per  1°  C. 

Collecting  these  results,  the  mean  increase  of  rotation  for  a  rise  of 
1°  C.  for  the  several  ethereal  salts  of  diacetylglyceric  acid  is  as 
follows. 


Ethereal  salt. 

Mean  increase  of  aD 

for  the  198-4  mm. 

tube  for  1°C.  rise  in 

temperature  (between 

0°  and  35"  C). 

Percentage  increase 

in  observed  rotation 

for  1°  C.  rise  in 

temperature. 

Methylic  diacetylglycerate 

Ethylic                   „                

Propylic  (norm.)  diacetylglycerate. 

Isopropylic  diacetylglycerate 

Isobutylic                  „             

Heptylic  (norm.)  diacetylglycerate. 
Octylic          „                     „ 

0-155° 

0-127 

0-110 

0-116 

0-086 

0-113 

0-062 

0-085 
(calculated  from  de- 
terminations made  by 
Dr.  Parkin) 

0-064° 
(mean  of  measure- 
ments made  with 
rising  and  with  falling 
temperature) 

0-541 
0-339 
0-253 
0-291 
0-193 
0-325 
0-189 

0-692 

Ethylic  glycerate 

0-295 

Thus,  in  both  the  above  series  of  homologous  compounds,  the  in- 
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crease  in  rotation  for  a  given  rise  in  temperature  is  greater  for  the 
methylic  than  for  the  ethylic  compound,  and  in  the  diacetyl-series, 
which  we  have  alone  worked  at  in  this  connection  for  the  higher 
members,  the  increase  in  rotation  for  the  ethylic  is  greater  than  that 
exhibited  by  any  of  the  higher  homologues,  the  octylic  compound 
showing  the  smallest  increase  of  all. 

In  the  table  below  we  have  also  expressed  this  sensitiveness  of 
the  rotation  to  temperature,  (1)  as  increase  in  specific  rotation, 
(2)  as  increase  in  molecular  rotation,  and  (3)  as  increase  in  molecular 
deviation,  for  1°  C.  rise  in  temperature  in  each  case,  thus. 


[«]d. 

[M]d. 

Tod. 

Increase 

Per- 

forrc. 

centage 

In- 

Per- 

In- 

Per- 

rise in 
tempera- 

increase 
for  1°  C. 

crease. 

centage 
increase. 

crease. 

centage 
increase. 

ture. 

rise. 

0-75 

Methylic  glycerate 

0  -355° 

0-74 

0  -043° 

0-200° 

0-72 

Ethylic            „         

0  033 

0-36 

0-045 

0-37 

0-166 

0-31 

Methylic    diacetylglyce- 

0  -073 

0-61 

0-150 

0-61 

0-45 

0-56 

rate 

Kthylic  diacetylglycerate 

0-067 

0  - 11 

0-147 

0-41 

0-39 

0-37 

Piopylie  (norm.) diacetyl- 

0 -063 

0-32 

0-146 

0-32 

0-36 

0-28 

glycerate 

Isopropylic     diacetylgly- 

0-065 

0-36 

0-152 

0-36 

0-37 

0-31 

cerate 

Isobutylic  diacetylglyce- 

0-054 

0-26 

0-134 

0-26 

0-29 

0-21 

rate 

Heptylic  (norm.)  diacetyl- 

0-067 

0-40 

0-194 

0-40 

0-40 

0-35 

glycerate 

Octylic  (norm.)  diacetyl- 

0-043 

0-27 

0-128 

0-27 

0-23 

0-21 

glycerate 

From  the  above,  it  will  be  seen  that  the  same  relations  are,  in  the 
main,  preserved  in  each  of  these  several  methods  of  expression. 

As  far  as  we  are  aware,  these  are  the  first  systematic  observations 
made  on  an  homologous  series  of  this  kind,  excepting  the  following 
determinations,  made  by  Pictet,  on  a  few  of  the  ethereal  salts  of 
tartaric  acid,  at  the  temperatures  of  20°  and  100°  respectively. 

Thus,  in  the  case  of  these  tartrates  also,  the  increase  in  rotation 
exhibits  a  tendency  to  diminish  in  ascending  the  series,  the  increase 
in  the  case  of  the  methylic  being,  however,  smaller  than  in  that  of 
the  ethylic  compound.  This  irregularity,  however,  disappeai's  if  the 
percentage  increase  be  calculated  on  the  mean  observed  rotation,  as 
in  the  last  column  above. 
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Tartrate. 

Observed  rotation   an  cal- 
culated for  a  length  of 
200  mm.  at 

Mean  in- 

ci-ease  in 

rotation  per 

rise  of  1''  C. 

Percentage 
increase  for 
rise  of  1°  C. 

20°. 

100°. 

Methylic 

5-69 

18-47 
28-22 
33-63 

14-98 
29-97 
36-23 
39-66 

0-116° 
0-144 
0-100 
0-075 

2-04 

Ethylic 

0-78 

Propylic  (norm.)  .... 
Isopropjlic   

0-35 
0-22 

We  have  also  expressed  this  sensitiveness  to  temperature  of  the 
rotation  of  the  ethereal  salts  of  tartaric  acid  in  terms  of  the  specific 
and  molecular  rotations,  as  well  as  of  the  molecular  deviation,  in  just 
the  same  way  as  in  the  case  of  the  glycerates  and  diacetylgljcerates 
above.     Thus 


[a]D. 

[M]d. 

Md- 

Tartrate, 

Increase 
for  1°C. 
rise  in 
tempera- 
ture. 

Per- 
centage 
increase 
for  1°  C. 

rise. 

Increase. 

Per- 
centage 
increase. 

In- 
crease. 

Per- 
centage 
increase. 

Methylic 

Ethylic 

Propylic  (norm.) 
Isopropylic 

0  -048° 
0  -070 
0-058 
0-049 

2-25 
0-92 
0-47 
0-33 

0-086° 
0-145 
0-136 
0115 

2-24 
0-92 
0-46 
0-33 

0  -307" 
0-422 
0-327 
0-257 

2-11 
0-82 
0-39 
0-26 

Thus  whilst  the  actual  increase  for  the  methylic  tartrate  is  less  than 
that  for  the  ethylic,  still  the  percentage  increase  for  the  methylic  com- 
pound is  much  the  greater,  irrespectively  of  whether  ao,  [a]u, 
[M]d,  or  [^]d  be  considered. 

Whilst  the  rotation  of  the  ethereal  salts  of  tartaric  acid  is  thus 
very  sensitive  to  temperature,  that  of  the  ethereal  salts  of  diacetyl, 
dipropiouyl,  dibutyryl,  &c.,  tartaric  acids  is  said  to  be  but  little 
affected  by  temperature,  and,  in  commenting  on  this  phenomenon,  Le 
Bel  has  recently  (Compt.  rend.,  118,  917)  stated  that  ''all  the  bodies 
with  variable  rotation  actually  known  are  simple  ethers,  that  is  to  say, 
bodies  in  which  the  asymmetric  carbon  atom  is  only  linked  to  a  single 
radical  containing  an  atom  of  oxygen  linked  to  another  radical ;  if, 
on  the  contrary,  the  asymmetric  carbon  atom  is  united  to  two  radi- 
cals of  similar  constitution,  the  variations  in  power  become  almost 
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zero."  .  .  .  "It  thus  appears  that  the  effect  of  two  radicals  of 
the  same  nature  is  compensated.  It  is  thus  intelligible  why  the  series 
of  the  tetrasuhstituted  tartaric  ethers  behaves  in  such  a  regular 
manner."  This  generalisation  is,  however,  quite  out  of  harmony 
with  the  great  sensitiveness  to  temperature  of  the  ethereal  salts  of 
diacetylgly eerie  acid,  the  effect  of  temperature  on  the  rotation  of 
which  is  in  excess  of  that  on  the  rotation  of  the  simple  glycerates. 

It  is  very  striking,  that  in  each  of  these  three  series — glycerates, 
diacetylglycerates,  and  tartrates — the  greatest  sensitiveness  to  tem- 
perature is  met  with  in  the  case  of  those  members  in  which  an 
addition  of  CH2  also  produces  the  most  marked  effect  on  the  rota- 
tion ;  or,  in  other  words,  in  those  cases  in  which  the  degree  of  mo- 
lecular dissymmetry  is  most  increased  by  a  rise  of  temperature,  the 
dissymmetry  is  also  most  increased  by  an  addition  of  CHj,  and  vice 
versa.  There  is  some  probability,  therefore,  that  after  a  certain  point 
in  such  an  homologous  series  of  compounds  has  been  reached,  in- 
crease in  temperature  may  actually  be  attended  with  a  diminution  in 
optical  activity,  since  already  at  the  heptylic  compound  for  glyceric 
and  diacetylglyceric  acids,  the  addition  of  CH2  is,  as  we  have  shown, 
attended  with  a  diminution  in  rotation. 

In  those  cases  in  which  we  have  made  observations  over  the 
widest  ranges  of  temperature,  we  find  that  there  is  an  invariable 
tendency  for  the  sensitiveness  to  temperature  to  be  greater  at  the 
lower  than  at  the  higher  temperatures.  This  phenomenon  is  still 
more  marked  in  the  case  of  measurements  with  several  substances 
which  have  been  recently  made  by  Le  Bel  at  temperatures  down  to 
-  42°. 

The  results  of  oar  own  experiments,  as  well  as  those  of  others, 
clearly  show  that  the  effect  of  temperature  on  optical  activity  will 
have  to  be  more  taken  into  consideration  in  the  future  than  it 
has  been  in  the  past,  and  when  systematically  studied  for  a  large 
number  of  active  substances,  it  may  assist  in  throwing  light  on  the 
internal  arrangement  of  the  molecules  of  active  compounds,  for  it  has 
already  been  ascertained  in  several  cases  that  the  influence  of  tem- 
perature on  rotation  is  independent  of  any  molecular  polymerisation. 
We  are  continuing  these  observations  for  other  series  of  active  com- 
pounds. 
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LIX. — The  Mineral  Waters  of  CJieltenham. 
By  T.  E.  Thorpe,  D.Sc,  F.R.S. 
The  mineral  waters  of  ChelteBliam  were  formerly  held  in  much 
repute,  and  a  considerable  body  of  literature  is  extant  concerning- 
their  chemical  nature  and  healing  virtues.  Short,  in  his  well-known 
treatise  on  mineral  waters,  speaks  of  them  in  terms  of  high  com- 
mendation ;  among  medical  writers,  Fothergill,  Jameson,  McCabe, 
and  Gibney  have  testified  to  their  efl&cacy,  and  Scudamore,  Bi-ande 
and  Parke,  and  Accum  brought  their  knowledge  of  quantitative 
chemical  analysis  to  the  determination  of  their  saline  and  gaseous 
constituents. 

But  by  far  the  most  important  series  of  analj^ses  of  the  Chelten- 
ham waters  hitherto  published  was  made  in  1847  by  Abel  and  Row- 
ney  (Quart.  Journ.  Ghem.  Soc,  1,  193).  The  waters  selected  by  them 
for  examination  were  the  Cambray  Chalybeate  Spring,  the  two 
principal  waters  of  the  Royal  Old  Wells,  and  the  strong  saline  waiters 
of  the  Pittville  Spa. 

The  first  well  or  "  Original  Spa,"  as  it  is  now  called,  was  discovered 
in  1715  ;  its  yield,  however,  was  comparatively  small,  and  so  great 
was  the  demand  for  its  waters  that  it  was  not  unfrequently  drunk 
dry;  it  was  subsequently  deepened,  and  numerous  other  wells  were 
sunk  from  time  to  time  in  its  vicinity,  notably  the  Sherborne  Well 
and  the  Montpellier  Wells,  until  at  about  the  beginning  of  the 
century  there  were  close  upon  100  wells  in  more  or  less  use  in  and 
around  Cheltenham,  and  large  quantities  of  the  waters  were  eva- 
porated for  the  preparation  of  "  Cheltenham  Salts."* 

Erom  1770  to  1780  Cheltenham  bade  fair  to  outrival  Bath  as  an 
inland  watering  place,  audit  reached  the  zenith  of  its  fame  in  1788, 
when  George  III  was  sent  to  drink  its  waters.  So  great  was  the  in- 
flux of  visitors  that  even  down  to  1811  there  was  occasionally,  in 
spite  of  the  numerous  borings,  a  great  scarcity  of  water.  The  open- 
ing up  of  Europe  after  the  Peace  of  1815,  seriously  affected  the 
fortunes  of  the  town.  The  tide  of  fashion  set  in  towards  the  baths 
and  wells  of  France  and  Germany,  and  the  waters  of  Cheltenham, 
like  others  of  our  inland  watering-places,  gradually  fell  into  disuse. 
The  Coi-poration  of  Cheltenham,  having  recently  acquired  possession 
of  certain  of  the  wells,  are  desirous  of  attempting  to  re-establish 
them  in  popular  favour.  With  a  view  of  determining  their  general 
nature,  they  have  caused  certain  typical  waters  to  be  analysed,  and 
the  present  communication — for  which  I  have  to  thank  the  Corpora- 
tion for  permission  to  make — contains  the  results  of  this  examination. 
It  is  offered  to  the  Society  in  continuation  of  the  series  of  analyses  of 

*  A  full  account  of  the  method  of  manufacture  of  these  salts  is  given  in  the  5th 
number  of  the  Journ.  of  the  Royal  Inst,  hy  Brande  and  Parke. 
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mineral  waters  of  the  kingdom  which  my  pupils  and  I  have  con- 
tributed from  time  to  time  to  the  Transactions. 

The  wells  selected  for  examination  were  six  in  number.  They  are 
divided  into  two  main  classes,  and  are  respectively  designated  as 
follows : 

A.  The  Magnesia-saline  Waters. 
No.  1.   (Well  in  Well-place  ;   Chadnor  Villa  Well). 
„     2.   (Well  in  Christchurch  Road;   the  Cottage  Well). 
B.  The  Soda-saline  Waters. 
No.  1.   (Lansdowne  Well). 
„     2.  (Pittville  Well,  No.  1). 

55  3.      (  „  „         2). 

„     4.  (  „  „    3). 

The  analytical  determinations  of  the  several  constituents  of  the 
waters  were  made  by  well-established  methods,  and  the  results  are, 
in  all  the  cases,  the  means  of  two  or  more  concordant  estimations,  with 
the  exception  of  the  substances  which  are  present  in  very  minute 
quantities,  and  for  the  evaluation  of  which  large  volumes  of  water  are 
required.  In  the  following  tables  are  given,  first,  the  direct  results 
of  the  analyses,  and,  secondly,  the  amounts  of  the  several  saline  con- 
stituents calculated  in  the  usual  manner,  and  expressed  both  as  parts 
per  thousand  and  in  grains  per  imperial  gallon,  I  also  append  the 
amounts  of  free  carbonic  acid,  that  is,  the  amount  held  as  gas  in 
solution  at  the  ordinary  temperature  of  the  air  (15'5°  C.)  and  under 
the  mean  barometric  pressure,  expressed  in  c.c.'s  per  1000  grams  and 
in  cubic  inches  per  imperial  gallon. 

Analytical  Results, 
A.  Magnesia-saline  Waters. 

No.  I.  Chadnor  Villa  Well. 

Direct   Results  of  the   Analysis. 

Parts  per  1,000. 

1.  Silver  chloride,  bromide,  and  iodide  together. .      0"96614 

2.  Bromine  and  iodine — 

(a.)  Bromine 0-00017 

Calculated  to  silver  bromide 000035 

(h.)  Iodine 0-000045 

Calculated  to  silver  iodide 0-00009 

3.  Chlorine- 

Silver  chloride,  bromide  and  iodide 0-96614 

silver  bromide. .      0*00035 


{: 


Deduct  . 

silver  iodide  .  . .      000009    0 00044 

Silver  chloride 09657 

Equal  to  chlorine  . . .  02388 
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Parts  per  1,000. 

4.  Sulphuric  acid,  as  SO4 2"5995 

5.  Carbonic  acid  (total) 0'3438 

6.  Silica,  as  Si02 0-0103 

7.  Iron,  as  FcjOa 0-00038 

8.  Alumina,  as AI2O3 000006 

9.  Manganese,  as  MnO 0-00020 

10.  Lime,  as  Ca  (total) 0-4726 

11.  Lime,  as  carbonate  precipitated  on  boiling  ....  0-2070 

12.  Lime  in  solution  after  boiling 0-2656 

13.  Magnesia,  as  Mg 03350 

14.  Sodium  and  potassium  chlorides 1-1952 

15.  Potassium,  as  K 0-0305 

Equal  to  potassium  chloride    0*0582 

16.  Sodium,  as  Na 0-4480 

Equal  to  sodium  chloride 1*1370 

17.  Ammonia,  as  NH3   0-000048 

18.  Total  solid  residue 4-4895 

19.  Specific  gravity  at  15°  (59'  P.)     1-00406 

Traces  of  lithium,  phosphoric  acid  and  organic  matter. 


Saline  Constituents. 

Parts  per  1,000. 

Sodium  chloride 0-3981 

Sodium  bromide 0-00022 

Sodium  iodide 000053 

Sodium  sulphate 0-8664 

Sodium  silicate 0*0209 

Potassium  sulphate 0-0680 

Lithium  chloride traces 

Calcium  carbonate; 0  5175 

Calcium  sulphate 09029 

Magnesium  sulphate 1-6740 

Manganous  carbonate 0-00033 

Ferrous  carbonate 0-00054 

Aluminium  phosphate 0-00015 

Ammonium  nitrate 0-00025 

Organic  matter traces 

4-4498 

Fixed  residue  directly  found  4-4895 

Fixed  residue  calculated   . .  4'4491 
Free CO2  at  15-5° (60°  F.)  and 

760  mm.  (30  in,) =  62-565  cb.c. 


Grains  per  gallon. 

27-980 

0-015 

0-037 
60-893 

1-469 

4-779 

traces 

36-372 

63-460 

117-659 

0-023 

0-038 

0-011 

0-018 

traces 


312-754 
315-540 
312-700 


17-416  cb.  in. 


THORPE:   THE  MINERAL  WATERS  OF  CHELTEXHAM.         775 


Ko.  2.  The  Cottage  Well. 
Direct  Results  of  the  Analysis. 

Parts  per  1,000. 

1.  Silver  tjMoride 1-4607 

Equal  to  chlorine 0-3612 

Sulphuric  acid,  as  SOi 3-1690 

Carbonic  acid  (total) 0"5595 

Silica,  as  Si02 0-0092 

Iron,  as  FsOs 0-00027 

<6.  Total  lime,  as  Ca , .  0-4595 

7.  Linie,as  carbonate,  precipitated  on  boiling  0-1807 

•"8.  Lime  in  solution  after  boiling 0-2788 

■9.  Magnesia,  as  Mg , . . .  0-3879 

Sodium  and  potassium  chlorides 1*9430 

Potassium,  as  K 0-0267 

Equal  to  potassium  chloride 0-0509 

Sodium,  as  Na , 0*7455 

Equal  to  sodium  chloride 1-8921 

Ammonia,  as  NH3 0-00024 

Total  solid  residue 5-5640 

Specific  gravity  at  15-5"  (60°  F.) 1-00542 

Traces  of  lithium,  manganese,  and  organic  matter. 


10. 
11. 

12. 

13. 
14. 
15. 


ScMne  Constituents. 
Parts  per  1,000. 

Sodium  chloride 0*5961 

Sodium  sulphate 1*5569 

Sodium  silicate 0-0187 

Potassium  sulphate 0-0596 

Lithium  chloride traces 

Calcium  carbonate 0-4518 

Calcium  sulphate 0-9479 

Magnesium  carbonate. . . .  0-1208 

Magnesium  sulphate 1-7671 

Manganous  carbonate  ....  traces 

Ferrous  carbonate 0-0004 

Ammonium  nitrate 0*0011 

Organic  matter traces 


Grains  per  gallon, 
41*953 
109-570 
1-316 
4-195 
traces 
31-797 
66*713 
8-521 
124-370 
traces 
0-028 
0-077 
traces 


5-5204 
5*5640 
5-5192 


Fixed  residue  directly  found 
Fixed  residue  calculated  . . 
Free  CO2  at  15*5°  (60"  F.), 

and  760  mm.  (30  in.)  =  159335  cb.c. 

TOL.  LXV. 


388*540 
391*520 
388*500 


44*41  cb.  in, 
3  H 
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B.  The  Soda-saline  Waters. 

No.  1.  Lansdowne  Well. 

Direct  Besults  of  the  Analysis. 

Parts  per  l,00a 

1.  Silver  chloride,  bromide,  and  iodide  together. .  13'614 

2.  Bromine  and  iodine — 

(a.)  Bromine 0-000013; 

Calculated  to  silver  bromide 0'000031 

(6.)  Iodine 000023 

Calculated  to  silver  iodide 0-00042 

3.  Chlorine — 

Silver  chloride,  bromide,  and  iodide 13-614 

■Pj   ,        r  silver  bromide. .      0-000031 

^  ^^  \  silver  iodide. . . .      0  00042      0-00045 

Silver  chloride. , . , . .  13-61355- 

Equal  to  chlorine  .  . .  3-3666 

4.  Sulphuric  acid,  as  SO4 1*8530 

5.  Carbonic  acid  (total) 0*4836 

6.  Silica,  as  SiO^ 0*0123 

7.  Iron,  as  ¥,0,. 0*00021 

8.  Lime,  as  Ca  (total) 0*1645 

9.  Lime,  as  carbonate  precipitated  on  boiling  ....  0*1543 

10.  Lime  in  solution  after  boiling 0-0102 

11.  Magnesia,  as  Mg 0-1215 

12.  Sodium  and  potassium  chlorides 7-5215 

13.  Potassium,  as  K 0-0635 

Equal  to  potassium  chloride 0-1211 

14.  Sodium,  as  Na 2-9140 

Equal  to  sodium  chloride 7-4004 

15.  Total  solid  residue 8*8197 

16.  Specific  gravity  at  20°  (68°  F.) 1*00721 

Traces   of    lithium,    manganese,    alumina,    phosphoric   acid    and 
organic  matter. 
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Saline  Constituents. 

Parts  per  1,000. 

Sodium  chloride 5"5557 

Sodium  bromide 0*00002 

Sodium  iodide 0-0003 

Sodium  sulphate 2'2086 

Sodium  silicate 0*0250 

Potassium  sulphate 0"1417 

Lithium  chloride traces 

Calcium  carbonate 0"3858 

Calcium  sulphate 0'0347 

Magnesium  carbonate. . . .  0'2002 

Magnesium  sulphate 0'3215 

Manganous  carbonate ....  traces 

Ferrous  carbonate 00003 

Aluminium  phosphate. . . .  traces 

Organic  matter traces 


G-rains  per  gallon. 

391-710 

0001 

0-021  ' 
155-720 

1-763 

9-990 

traces 
27-200 

2-447 
14-115 
22-667 

traces 

0021 

traces 

traces 


8-87382 
Fixed      residue      directly 

found 8-8197 

Fixed  residue  calculated. .      8-8737 
Free  CO2  at  15-5°  (60°F.), 

and  760  mm.  (30  in.)  =  111-94  cb.c. 

No.  2.  Pittville  Well,  No.  1. 
Direct  Results  of  the  Analysis. 

.   Silver  chloride,  bromide,  and  iodide  together. . 
.  Bromine  and  iodine — 

(a.)  Bromine 

Calculated  to  silver  bromide 

(6.)  Iodine 

Calculated  to  silver  iodide 

.  Chlorine — 

Silver  chloride,  bromide  and  iodide 

r  silver  bromide. .      0*008774 

I  silver  iodide. . . .      0*003445    


Deduct 


625-655 

621-830 
625-620 

31-27  cb.  in. 


Parts  per  1,000. 
17-5100 

0003734 
0-008774 
0-00186 
0003445 

17*5100 

0*012219 


Silver  chloride 17-4978 

Equal  to  chlorine  . . .  4*3272 

4.  Sulphuric  acid,  as  SO4 0*9572 

5.  Carbonic  acid  (total) 0*6028 

6.  Silica,  as  SiOz 0*0108 

3  H  2 
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Parts  per  1,000. 

7.  Iron,  as  Ye^Os. 000205 

8.  Lime,  as  Ca  (existing  as  carbonate) 0-0796 

<).  Magnesia,  as  Mg 0-0536 

10.  Sodium  and  potassium  chlorides 8-6235 

11.  Potassium,  as  K 0-0256 

Equal  to  potassium  chloride   0-0489 

12.  Sodium,  as  Na 3-3795 

Equal  to  sodium  chloride 8*5746 

13.  Ammonia,  as  NH3 0-00026 

14.  Total  solid  residue 9-2700 

15.  Specific  gravity  at  15-5°  (60°  F.) 1-00732 

Traces   of    lithium,   manganese,    alumina,   phosphoric    acid    and 
ps-anic  matter. 


organic  matter. 


Saline  Constituents. 


Parts  per  1,000. 

Sodium  chloride 7-1410 

Sodium  bromide 0-0048 

Sodium  iodide 0-0022 

Sodium  sulphate 1-3692 

Sodium  silicate 0-0174 

Sodium  bicarbonate 0-4109 

Potassium  sulphate 0-0572 

Lithium  chloride traces 

Calcium  carbonate 0-1991 

Calcium  phosphate traces 

Magnesium  carbonate..  .  -  0-1876 

Manganous  carbonate. . . .  traces 

Ferrous  carbonate 0-0030 

Aluminium  phosphate  .  . .  traces 

Ammonium  bicarbonate. .  00012 

Org-anic  matter traces 


9-3936 
Fixed      residue      directly 

found 9-2700 

Fixed  residue  calculated. .  9-2388 
Free  CO2  at  15-5°  (60°  F.), 

and  at  760  mm.  (30  in.)=  103*95  cb.c. 


Grrains  per  gallon. 
503-520 

0-339 

0155 
96-545 

1-227 
28-973 

4-033 
traces 
14-038 
traces 
13  227 
traces 

0-212 
traces 
0-085 
traces 

662-354 

653-650 
651-380 

29-03  cb.  in. 
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No.  3.  Pittville  Well,  No.  2. 

Direct  Results  of  the  Analysis. 

Parts  per  1,000, 

1.  Silver  chloride,  bromide,  and  iodide  togetlxer. .      10'8250 

2.  Bromine  and  iodine — 

(a.)   Bromine .- 0-00117 

Calculated  to  silver  bromide 0'00275 

(6.)  Iodine 0-00069 

Calculated  to  silver  iodide O'OOIS 

3.  Chlorine — • 

Silver  chloride,  bromide  and  iodide    10-8250 

-p.   ,      ,  r  silver  bromide 0*00275 

^  ^^   I  silver  iodide 0*0013    0-0040 


Silver  chloride 10-8210 

Equal  to  chlorine. . . .  2*6759 

4.  Sulphuric  acid,  as  SOi 1*4435 

5.  Carbonic  acid  (total) 0-5380 

6.  Silica,  as  SiOz.". 0-0078 

7.  Iron,  as  Fe^Os 0*0013 

8.  Lime,  as  Ca  (existing  as  carbonate) 0*0779 

9.  Magnesia,  as  Mg 0-0509 

10.  Sodium  and  potassium  chlorides 6-4848 

11.  Potassium,  as  K 0-0149 

Equal  to  potassium  chloride 0-0284 

12.  Sodium,  as  ISTa 2-5440 

Equal  to  sodium  chloride 6-4564 

13.  Ammonia,  as  NH3 0-000219 

14.  Total  solid  residue 7*2070 

15.  Specific  gravity  at  15*5°  (60"  F.) ,  1*00594 

Traces   of    lithium,    manganese,    alumina,    phosphoric  acid,   and 
orsranic  matter. 
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Saline  Constituents. 
Parts  per  1,000. 

Sodium  cUoride 4"4160 

Sodium  bromide O'OOIS 

Sodium  iodide 0-0008 

Sodium  sulphate 2-1080 

Sodium  silicate 0-0159 

Sodium,  bicarbonate 0-4185 

Potassium  sulphate 0-0333 

Lithium  chloride traces 

Calcium  carbonate   0-1949 

Calcium  phosphate traces 

Magnesium  carbonate ....  0-1781 

Manganous  carbonate  ....  traces 

Perrons  carbonate 0-0019 

Aluminium  phosphate. ...  traces 

Ammonium  bicarbonate. .  0-0010 

Organic  matter traces 


Grains  per  gallon. 
310-960 

0-106 

0-056 
148-435 

1-120 
29-470 

2-345 
traces 
13-724 
traces 
12-541 
traces 

0134 
traces 

0071 
traces 


7-3699 
Fixed      residue      directly 

found '.      7-2070 

Fixed  residue  calculated. .  7-2138 
Free  CO2  at  15-5°  (60°  F.), 

and  at  760  mm.  (30  in.)  =   74-251  cb.c. 


518962 

507-480 
507-970 


20-709  cb.  in. 


No.  4.  Pittville  Well,  No.  3. 
Direct  Results  of  the  Analysis. 

Parts  per  1,000. 

1.  Silver  chloride,  bromide,  and  iodide  together. .      16-2250 

2.  Bromine  and  iodine 

(a.)  Bromine 000428 

Calculated  to  silver  bromide 001008 

(6.)  Iodine 0-00119 

Calculated  to  silver  iodide 0-0022 

3.  Chlorine 

Silver  chloride,  bromide,  and  iodide 16-2250 

.^   ,     ,  f  silver  bromide 0-01008 

I  silver  iodide 0-00220 001228 


Silver  chloride 16-2127 

Equal  to  chlorine. .  . .  4-0094 

4.  Sulphuric  acid,  as  SO4 1-1390 

5.  Carbonic  acid  (total) 0-6364 
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Parts  per  1,000. 

C.  Silica,  as  SiO^ 0-0206 

7.  Iron,  as  Fe^Oa 0-00057 

8.  Lime,  as  Ca  (existing  as  carbonate)    0-0260 

9.  Magnesia,  as  Mg 0-0441 

10.  Sodium  and  potassium  chlorides 8-4395 

11.  Potassium,  as  K 0-0287 

Equal  to  potassium  chloride 00547 

12.  Sodium,  as  Na 3-3045 

Equal  to  sodium  chloride 8-3848 

13.  Ammonia,  as  IS'Hs 0-00024 

14.  Total  solid  residue 8-9890 

15.  Specific  gravity  at  15-5°  (60°  F.) 1-00718 

Traces   of    lithium,    manganese,    phosplioric    acid,   alumina,    and 
•organic  matter. 

Saline  Constituents. 


Parts  per  1,000. 

Sodium  chloride 6-6164 

Sodium  bromide 0-0055 

Sodium  iodide 0-0014 

Sodium  sulphate 1-6326 

Sodium  silicate 0-0420 

Sodium  bicarbonate 0-5527 

Potassium  sulphate 00641 

Lithium  chloride traces 

Calcium  carbonate 0-0650 

Calcium  phosphate traces 

Magnesium  carbonate ....  01544 

Manganous  carbonate  ....  traces 

Ferrous  carbonate 0-0008 

Aluminium  phosphate. . . .  traces 

Ammonium  bicarbonate . .  00011 

Organic  matter traces 


Cri-ains  per  gallon, 
466-470 

0-388 

0-099 
115-095 

2-961 
38-967 

4-520 
traces 

4-583 
traces 
10-886 
traces 

0-056 
traces 

0-078 
traces 


644-103 


9-1360 

Fixed  residue  directly  as- 
certained         8-9890  633-750 

Fixed  residue  calculated. .      8-9316  629-710 

Free  CO2  at  15-5°  (60°  F.), 

and  760  mm.  (30  in.)  =  126-785  cb.c.  35-31  cb.  in. 

It  is  worth  noting  as  evidence  of  the  uniformity  and  constancy  of 
composition  of  these  waters,  that  the  analytical  results  in  the  case  of 
the  Pittville  springs  are  in  striking  accordance  with  those  obtained  by 
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Abel  and  Rowney  for  the  same  waters  in  1847  (loc.  cit.).     Abel  and 

Rowney's  analyses  were  made  upon  water  produced  by  tbe  admixture 

of  the  supply  from  five  wells  situated  under  the  building  or  in  the 

vicinity  of  the  Spa,  and  drawn  from  the  main  well,  90  feet  in  depth, 

which  is  situated  under  the  pump-room.     The  following  comparison 

of  the  amounts  of  the  principal  constituents  expressed  to  the  nearest 

grain  per  gallon,  as  deduced  from  the  two  analyses,  brings  out  this 

result  very  clearly. 

The  numbers  in  the  first  column  are  the  means  of  the  results  of 

Pittville  Wells  1  and  H.     Those  in  the  last  column  show  the  results 

obtained  by  Abel  and  Rowney. 

1893.  1847. 

Pittyille  1  and  3  (mean).  Abel  and  Rowney. 

Grains  per  gallon.  Gx-ains  per  gallon. 

Sodium  chloride 484  481 

Sodium  sulphate 106  113 

Sodium  bicarbonate 34  32 

Potassium  sulphate 4  3 

•     Calcium  carbonate 9  8 

Magnesium  carbonate 12  11 

An  admixture  of  a  certain  proportion  of  the  water  of  Pittville  "Well 
No.  2  would,  as  will  be  obvious  on  comparing  the  analysis  of  that 
water,  bring  the  two  series  of  numbers  into  still  closer  agreement. 

The  result  is  of  interest,  as  demonstrating  that  these  waters  have 
experienced  no  sensible  alteration  in  composition  during  the  last  half 
century. 

My  best  thanks  are  due  to  Messrs.  E.  C.  Thompson  and  R.  E.  Barnett„ 
Associates  of  the  Rojal  College  of  Science,  and  especially  to  Mrs.  M.. 
D.  Dougal,  for  assistance  in  the  analytical  determinations.  Mrs.  Dougal,. 
in  addition  to  making  the  greater  number  of  the  estimations  con- 
nected with  the  three  Pittville  waters  and  the  Cottage  Well,  kindly 
undertook  the  tedious  labour  of  re-calculating  and  checking  the  whole- 
of  the  numerical  work. 


LX. — TJie  Supposed  Relation  hettveen  the  Solubility  of 

a  Gas  and  the  Viscosity  of  its  Solvent. 

By  T.  E.  Thokpe,  D.Sc,  F.R.S.,  and  J.  W.  Rodger,  Assoc.  R.C.S. 

In  the  Zeit.  phydk.  Chem,  9,  171,  1892,  appeared  a  short  communica- 
tion by  L.  W.  Winkler,  in  which  he  traced  an  empirical  connection 
between  the  diminution  which  is  brought  about  by  rise  in  tempera- 
ture in  the  absorption  coefficient  of  a  gas  and  the  corresponding 
diminution  in  the  viscosity  coefficient  of  the  solvent.  His  conclusions 
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were  based  upon  his  own  determinations  of  the  solubilities  of  hydrogen^ 
oxygen,  nitrogen,  nitric  oxide,  and  carbon  monoxide  in  water,  and  th& 
relative  numbers  given  by  Graetz  for  the  viscosity  coefficients.  It 
seemed  to  us  to  be  of  interest  to  ascertain  how  far  Winkler's  con- 
clusions were  in  accord  with  our  own  observations  on  the  viscosity 
coefficients  of  water  (Phil.  Trans.,  1894). 

The  relationship  given  by  Winkler,  which  also  involves  a  connec- 
tion between  the  diminution  in  solubility  and  the  molecular  weight 
of  the  gas,  may  be  expressed  as  follows  : — If  fit  and  fit'  be  the  absorp- 
tion coefficients  at  the  temperatures  t  and  f,  if  //^  and  //^,  be  the 
viscosity  coefficients  of  water  at  the  same  temperatures  ;  if,  further,, 
m  be  the  molecular  weight  of  the  gas  and  K  a  constant,  then 

fit  —  fit'  _  ^^n^  'It  -  'If 
K 


(1.)' 


fit  K  'It 

For  the  same  gas,  ^/m  /K,  which  we  will  deal  with  at  a  later  stage,  is 
a  constant  which  we  may  write  as  N,  hence  for  the  same  gas 

fit  —  fit'  _  ^  It  —  nt' 
fit  'h 


(2.) 


It  follows,  therefore,  from  (2)  that  for  the  same  temperature  interval 
the  percentage  diminution  in  solubility  should  be  proportional  to  the 
percentage  diminution  in  viscosity.  By  mere  inspection,  it  was 
evident  that  for  ^  =  40°  and  t'  =  50°  the  value  of  (Vt  —  Vt')llt,  as. 
obtained  from  Graetz's  numbers,  would  differ  by  about  4  per  cent,  from 
the  value  derived  from  our  own  determinations  of  viscosity.  We 
therefore  calculated  the  values  of  N  for  intervals  of  10°  between  0° 
and  50°,  50°  being  taken  as  the  upper  limit  since,  at  higher  tempera- 
tures, determinations  of  the  absorption  coefficient  with  an  accuracy 
sufficient  for  the  comparison  are  almost  impossible  with  present 
experimental  appliances.  The  calculation  led  to  the  surprising  result 
that  N  gave  no  indication  whatever  of  being  constant  for  any  of  the 
gases.  This  poiut  is  made  clear  in  the  following  table,  the  data  being 
taken  from  Winkler's  measurements  of  solubility  and  our  own 
measurements  of  viscosity. 


/. 

N=^_i 

^t        / 

^t 

Oxygen. 

Nitrogen. 

Hydrogen. 

o'' 

10 
20 
30 
40 

0-832 
0-795 
0-770 
0  -657 
0-578 

I 

0-7H?, 
0-734 
0-643 
0-649 
0-500 

0-336 
0-301 
0-324 
0-179 
0-135 
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In  all  cases  N"  steadily  diminislies  as  the  temperature  rises,  the 
diminiition  being  always  greater  than  30  per  cent,  on  passing  from 
'0°  to  40°.  It  was  thus  definitely  proved  that  equation  (2)  was  incor- 
rect, and  this  conclusion  was  the  more  perplexing  as  Winkler  gives 
-a  considerable  amount  of  evidence  to  show  that  (2)  satisfactorily 
represents  the  facts.     The  equation  may  be  written  as 


I3i 


=  i3,(i-^l'-r;-'iy*  (3.) 

and  he  establishes  the  validity  of  the  equation  by  showing  that  the 
values  of  /S/  calculated  by  means  of  (3),  knowing  the  quantities  on 
i;he  right-hand  side  of  the  expression,  closely  approximate  to  those 
actually  observed.  On  further  examination,  the  reason  for  this  agi-ee- 
jnent  was  found  to  depend  on  the  fact  that,  in  using  his  equation, 
Winkler  always  employs  the  values  obtained  at  ^  =  0"  for  fii  and  '/^ 
His  results  consequently  show  that 

y3o  -  fit'  _  j^  Vo  —  vt' 

"which,  since  ySo  and  Vo  are  constants,  we  may  write  as 

^0  -  A'  =  N^  (Vo  -  'h'),  (4.) 

where  N^  is  a  new  constant  equal  to  'Nfio/»]o-  The  accord  between  the 
•observed  and  calculated  values  of  jSt'  does  not  show,  therefore,  that 
for  any  temperature  interval  the  percentage  diminution  of  solubility 
is  proportional  to  the  percentage  diminution  in  viscosity,  but  that 
"the  actual  diminutions  themselves  are  proportional. | 

To  ascertain  how  closely  this  proportionality  remained  constant  at 
•different  temperatures,  we  calculated  for  oxygen,  hydrogen,  and 
nitrogen,  the  values  of  N"^  for  successive  intervals  of  10°  between  0° 
•and  50°.     The  results  are  collected  in  the  following  table.     In  the 

*  Owing  probably  to  a  typographical  eiTor  the  formulise  fi^  =  0  —  ^       ^'  X^, 

fj.  k 

•and  /8i  =  /3  -  :^'— ^-'  A/    M  ^^^  ^^^^"  instead  of  ft  =  ;8  Tl   -  t^^SZJ^  V^*",) 

and  j3i  =  /3  I  1  —  ^  ~  ^'a  /    vv  )i  on  P-  172  in  Winkler's  paper. 

t  From  Winkler's  equation  it  would  follow  that      — -  is  proportional  to  -    -  ;, 
^  fi   dt  n  dt 

or,  on   integi-ating,  that  the   difference   between  the  natural  logarithms    of  the 

■absorption  coefficients  at  any  two  temperatures  is  proportional  to  the  difference 

"between  the  natural  logarithms  of  the  viscosity  coefficients.    The  real  relationship 

appears  to  be  that   -E.   is  proportional  to  -^,  and,  therefore,  that  the  difference 
dt  dt 

between  the  absorption  coefficients  is  proportional  to  the  difference  between  the 

•corresponding  viscosity  coefficients. 
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column  "  W,"  we  give  for  each  gas  the  values  of  N^  obtained  bj 
using  Winkler's  numbers  for  the  absorption  coefficients.      "We  also 
thought  it  worth  while  to  find  if  any  appreciable  alteration  took  place 
in  the  values  of  N'  on  employing  tbe  mean  of  all  the  trustworthy 
observations  on  absorption  coefficients  which  we  could  find.      The 
results  thus  obtained  are  given  in  the  column  headed  "  Mean."     The 
observers  whose  results  have  been  used  are  : — 
Oxygen  :  Dittmar,  Bohr  and  Bock,  and  Winkler.* 
Nitrogen  :  Dittmar,  Bohr  and  Bock,  Hamberg  and  Winkler. 
-    Hydrogen  :  Dittmar,  Timofeeff,  and  Winkler. 

As  before,  we  use  our  own  values  for  the  viscosity  coefficients. 


N>  = 

(3,  -  i8,+,o)  1  (n,  -n 

+io)' 

f. 

Oxygen. 

Mtrogen. 

Hydrogen. 

W. 

Mean. 

W. 

Mean. 

W. 

Mean. 

0° 
10 
20 
30 
40 

2-29 
2-32 
2-38 
2-15 
2-04 

2-26 
2-36 
2-42 
2-38 
2-05 

1-03 
1-05 
0-99 
1-09 
0-91 

1-01 
1-06 
1-12 
1-21 
1-14 

0-41 
0-45 
0-59 
0-38 
0-34 

0-35 
0-45 
0-71 
0-57 
0-45 

Mean .... 

2-24 

2-29 

1-01 

I'll 

0-43 

0-51 

In  the  case  of  hydrogen,  the  experimental  errors  in  determining 
the  solubility  are  evidently  too  large  to  admit  of  any  very  definite 
conclusion  being  drawn  ;  in  the  case  of  oxygen  and  nitrogen,  how- 
ever, the  values  of  N^  are,  roughly  speaking,  constant,  although  in 
general  they  increase,  reach  a  maximum,  and  then  diminish  as  the 
temperature  increases.  It  is  this  approximate  constancy  in  the 
value  of  N^  which  is  the  real  temperature  relationship  involved  in 
Winkler's  equation. 

It  has  already  been  pointed  out  that  equation  (1)  besides  involving 
a  relationship  between  solubility  and  viscosity,  also  embodies  a  con- 
nection between  solubility  and  the  chemical  nature  of  the  gas ;  the 
latter  relationship  was  based  on  the  fact  that  between  0°  and  20°,  D, 
the  percentage  diminution  in  the  solubility,  was  apparently  propor- 
tional to  the  cube  root  of  the  molecular  weight  of  the  gas.  The 
following  table  makes  it  evident  that  the  values  of  the  absorption 

*  From  the  obsorrations  of  Roscoe  and  Lunt  on  the  amount  of  oxygen  dissolve  d 
by  water  out  of  atmospheric  air,  absorption  coefficients  may  be  calculated.  We 
have  confined  ourselves,  however,  to  absorption  coefficients  determined  by  the 
ordinary  methods. 
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LXI. — The  Chemical  Relations  of  Car^bon  and  Iron. 
By  J.  0.  Aknold  and  A.  A.  Read. 

,  The  classical  researcli*  of  Sir  F.  Abel  and  Mr.  Deering,  and  tlie  inde- 
dependent  observationsf  of  Dr.  Miiller,  have  shown  almost  beyond 
doubt  that  the  carbon  in  unhardened  steel  exists  as  a  definite  carbide 
of  iron,  the  figures  obtained  corresponding  closely  to  the  formula 
FeaC.  Sir  F.  Abel  isolated  this  compound  from  very  thin  discs  of 
steel  by  dissolving  out  the  iron  by  means  of  a  mixture  of  potassium 
dichromate  and  sulphuric  acid,  and  pointed  out  that  the  success  of 
the  method  depended  on  the  proportion  of  free  acid  present.  Dr. 
Miiller  acted  in  the  cold  on  steel  drillings  with  dilate  sulphuric  acid, 
and  obtained  an  insoluble  dark  grey  residue.  On  analysing  this  sub- 
stance it  was  found  to  approximately  agree  with  the  formula  FcaC. 
By  this  method,  he  obtained  only  an  average  of  about  50  per  cent,  of 
the  total  carbon  in  the  form  of  carbide.  The  results  given  by  Abel 
in  his  paper  were  obtained  from  experiments  on  iron  containing 
about  1  per  cent,  of  carbon,  and  he  comes  to  the  conclusion  that  in 
unhardened  steel  the  carbon  exists  entirely  in  the  form  of  carbide  of 
iron,  FcsC.  Osmond  and  Werth,;}:  by  submitting  bars  of  steel  to 
electrolysis  in  hydrochloric  acid  and  examining  the  residue  micro- 
scopically and  chemically,  identified  the  carbide  of  iron  discovered  by 
Abel  and  Deering,  and  obtained  it  in  brilliant  magnetic  plates  or 
scales.  They  also  found  that  when  a  bar  of  steel  is  heated  to  redness 
it  contains,  besides  carbides  of  iron,  free  carbon,  the  proportion  of  the 
latter  increasing  with  increase  of  tempei-ature. 

In  Abel's  experiment,  as  in  Miiller's,  appreciable  losses  of  carbon 
were  invariably  observed.  Professor  Ledebur  deduces  from  the 
result  of  his  investigations§  by  Miiller's  method  that  the  above  loss 
is  due  to  the  escape,  as  hydrocarbons,  of  a  certain  amount  of  harden- 
ing carbon  existing  even  in  mild  unhardened  steel  to  the  average 
amount  of  about  25  per  cent,  of  the  total  carbon.  It  therefore 
appeared  to  the  authors  that  a  more  systematic  research  was  neces- 
sary, made  on  steels  of  known  history  and  composition  and  of 
varying  percentages  of  carbon.  For  this  purpose,  five  50-lb.  ingots 
wrere  manufactured  from  Swedish  material  by  the  crucible  process. 
The  ingots  were  hammered  down  to  If  in.  square,  and  were  then 

*  Proceedings  Inst.  Mechanical  Engineers,  1885,  page  30. 
t  Dr.  F.  Miiller,  Stahl  und  Eisen,  No.  5. 
X  Annales  des  Mines,  1885. 

§  Professor  A.  Ledebur,  Journal  of  the  Iron  and  Steel  Institute,  1893,  No.  2, 
page  53.  
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rolled  into  bars  1^  in.  round.     The  analysis  of  these  bars  is  given  in 
Table  I. 

Table  I. 


Number  of 
steel. 

c 
o 

•3 

o 

a   ■ 

so 
c 

a 
8 

m 

Sulphur, 

Phosphorus. 

Aluminium. 

Iron  (by 
difP.). 

I 

0-96 

0-24 

0-07 

0-02 

0-02 

0-04 

98-65 

II 

0-57 

0-13 

0-06 

0-02 

0-02 

0-02 

99-18 

III 

0-33 

0-10 

0-08 

0-02 

0-02 

0-02 

99-43 

IV 

0-lU 

0-05 

0-04 

0-02 

0-02 

0-01 

99-70 

V 

0-06 

0-04 

0-04 

0-02 

0-02 

0-01 

99-81 

The  percentage  of  carbon  was  determined  in  each  steel  by  means 
of  closely  agreeing  duplicate  combustions  on  drillings  taken  from  the- 
centre  of  the  bar. 

In  a  research  like  the  present,  dealing  with  the  examination  of" 
materials  prepared  under  different  physical  conditions,  it  is  most  im- 
portant that  the  definition  of  the  terms  used  should  be  explicitly- 
stated.     They  are  as  follow. 

The  term  "normal"  refers  to  bars  heated  in  a  gold  cupelling^ 
muffle  to  a  temperature  of  1050°  C,  and  then  allowed  to  cool  in 
the  air. 

The  term  "annealed  "  refers  to  bars  packed  in  a  covered  cast-iron 
box  in  a  mixture  of  white  sand  and  fire-clay,  and  heated  to  a  tem- 
perature of  about  1050°  during  70  hours  and  allowed  to  cool  during 
100  hours. 

The  term  "  hardened  "  has  reference  to  bars  heated  in  lime  to  a 
temperature  of  1050°  and  then  quickly  quenched  in  a  large  tank 
of  fresh  cold  water.  (The  surfaces  of  the  bars  were  then  filed  bright.. 
In  the  harder  samples,  the  filing  was  continued  till  the  metal  began  tO' 
strip  the  file,  thus  insuring  the  removal  of  the  skin  of  partially  de- 
carbonised metal  unavoidably  present.) 

In  order  to  obtain  the  steel  in  a  form  convenient  for  analysis,  por- 
tions of  the  1^-in.  round  bars  were  hammered  down  at  a  low  red  heat 
to  Ta-in.  square.  The  small  bars  were  cut  up  into  3-in.  lengths,  filed, 
bright,  cleaned  finally  with  emery,  and  used  for  the  estimations. 

An  attempt  was  made  in  the  first  instance  to  employ  Abel's  method,, 
using  the  chromic  liquid  found  by  him  to  give  the  most  favourable 
results.  The  bars  were  suspended,  and  about  2  ins.  of  the  bar  im- 
mersed in  the  solution  and  allowed  to  remain  for  varying  periodo.. 
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The  carbide  was  collected,  washed,  dried  in  a  Yacuum,  and  analysed. 
'The  loss  of  weight  of  the  bar,  of  course,  represents  the  amount  of 
iron  dissolved.  Under  these  conditions  the  method  was  found  to  give 
•erratic  results,  the  yields  being  small,  the  percentage  of  carbon 
ihigh,  and  although  an  excess  of  acid  was  present,  the  residue  was 
'found  to  contain  basic  sulphate  of  chromium. 

The  authors  then  worked  out  the  following  method,  based  upon  the 
■process  originally  published  by  Binks  and  Weyl  for  the  estimation  of 
'the  percentage  of  carbon  in  cast  iron. 

The  bars  were  connected  with  the  carbon  pole  of  a  Bnnsen  cell* 
:and  immersed  to  a  depth  of  2  ins.  in  a  40  oz.  beaker  containing 
700  c.c.  of  dilute  hydrochloric  acid,  sp.  gr.  1"02,  the  cathode  being  a 
platinum  plate  placed  in  a  flat  porous  cell.  In  order  to  compare  the 
steels  under  exactly  the  same  conditions,  a  normal  and  an  annealed 
piece  of  the  same  steel  were  placed  in  separate  beakers,  containing 
the  same  quantity  of  acid,  the  same  length  of  each  immersed,  joined 
up  in  the  same  circuit  and  allowed  to  dissolve  for  the  same  length  of 
4iime.     (See  Fig.  I.) 


Fig.  1. 


'On  completing  the  circuit,  solution  proceeded  slowly,  the  ferrous 
•chloride  streaming  off  the  bars  to  the  bottom  of  the  beaker.  At  the 
•end  '©f  the  time  allowed  for  solution  the  bars  were  taken  out  and  the 
carbide  scraped  and  washed  off  on  to  a  smooth,  fibreless  filter  paper. 
The  carbide  remaining  on  the  bar  was  collected  by  frequently  rubbing 
with  a  glass  rod  covered  with  caoutchouc,  and  then  washing  it  on  to 
the  filter  paper.  The  bar,  when  all  the  carbide  as  far  as  possible  had 
been  collected,  was  dried  and  reweighed  to  give  the  loss  of  iron.  The 
residue  on  the  filter  paper  after  being  well  washed  with  water  until 

"*  The  bars  were  attaclied  to  binding  screws,  which  were  protected  from  a«id 
€pr^  by  moans  of  cardboard  discs  .aocurately  fitted  to  the  bars. 
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the  filtrate  was  free  from  iron  and  chlorine,  then  with  absolute  alco  ■ 
hoi,  and  finally  with  ether,  was  washed  off  the  filter  paper  with  a 
fine  ether  jet  into  a  weighed  porcelain  boat.  A  very  small  quantity 
of  the  carbide  was  thus  left  on  the  filter  paper ;  in  this  the  iron  was 
estimated  by  igniting  the  paper,  and  the  amount  of  carbide  calculated 
from  the  weight  of  iron  obtained,  so  as  to  give  the  total  yield  of 
carbide.  The  carbide  in  the  porcelain  boat  with  the  ether  was  placed 
in  a  desiccator  over  sulphuric  acid  until  apparently  dry,  and  was 
then  finally  dried  for  two  hours  at  100°  in  a  vacuum  to  remove  the 
last  traces  of  ether,  alcohol,  &c.  For  this  purpose,  a  very  simple 
apparatus  was  used.  Two  holes  opposite  each  other  were  drilled 
through  the  sides  of  a  water  bath  and  a  strong  glass  tube  was  fitted 
in  tight  by  means  of  two  indiarubber  corks.  The  boat  was  placed  in 
this  glass  tube  and  the  latter  was  exhausted  with  a  Sprengel  pump ; 
the  water  around  the  tube  was  then  kept  boiling  for  two  hours, 
during  which  period  the  action  of  the  pump  was  maintained. 

After  the  tube  had  cooled  down,  the  boat  was  taken  out  and  weighed, 
and  the  carbon  estimated  by  direct  combustion.  For  this  purpose,  a 
porcelain  tube  containing  a  short  column  of  copper  oxide  prepared 
from  electrolytic  copper  was  used.  A  porcelain  tube  was  employed, 
as  it  was  found  that  a  very  considerable  temperature  was  necessary 
to  burn  off  the  last  traces  of  carbon,  especially  in  the  carbide  obtained 
from  the  annealed  pieces.  The  combustion  was  carried  out  in  oxygen 
in  the  usual  way,  the  precaution  being  taken  to  pass  the  products  of 
combustion  first  through  a  chromic  acid  solution  to  eliminate  any 
trace  of  sulphurous  products  that  might  be  present,  and  then  through 
sulphuric  acid  to  dry  the  gases  before  passing  into  the  potash  bulbs. 
Several  blank  combustions  were  made,  but  no  error  in  the  apparatus 
could  be  detected. 

The  ferric  oxide  remaining  in  the  boat  after  the  combustion  was 
dissolved  in  hydrochloric  acid,  neutralised  with  ammonia,  reduced 
with  sulphurous  acid,  boiled  until  free  from  the  latter,  acidified  with 
sulphuric  acid,  and  titrated  with  a  solution  of  potassium  dichromate 
of  known  strength  in  the  usual  way. 

The  figures  first  obtained  are  set  forth  in  Table  II.  The  eriutic 
nature  of  the  results  led  the  authors  to  suspect  that  the  percentages 
of  carbon  in  the  small  square  bars  were  not  identical  with  those  in  the 
original  l|--in.  round  bars.  An  investigation  showed  that  the  sur- 
faces, even  of  the  normal  bars,  had  been  to  some  extent  decarbonized, 
but  that  an  extraordinary  loss  of  carbon  had  taken  place  in  the 
annealed  bars,  although  they  had  been  carefully  packed  in  a  covered 
east-iron  box  in  sand  and  fireclay,  and  the  surface  had  been  after- 
wards filed  off.  The  extent  of  the  surface  decarbonisation  as  shown 
by  the  colour  tests  made  on  several  bars  is  given  in  Table  III. 
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Table  III. 


Number 

of 

steel. 

Condition 

of 

steel. 

Carbon  per 
cent,  in 

mixed  drill- 
ings from 
outside  to 

central  of  i 

X  i  in.  bars. 

Carbon  per 

cent,  in 

planings 

from  outside 

layer  after 

filing  bright. 

Carbon  per 

cent,  in 

drillings 

from  middle 

of  bar  li  in. 

diameter. 

Per  cent,  of 

carbon  in 

standard 

used.* 

I.            !  Normal  .... 

1 

0-97 

1  •07(a) 

0-78 

I.            i  Annealed ...  i         0*88 

0-45 

1-07 

0-78 

11. 

Normal  ....           0  '54 

0-58(5) 

0-50 

II. 

Annealed.:.           0*47 

0-58 

0-50 

IV.           Normal....           O'lS 

0  -19(0) 

0-17 

IV. 

Annealed ...          0  '09 

0-19 

0-17 

(a)  True  carbon  0  -96.     (5)  True  carbon  0  -57.     (c)  True  carbon  0-16. 

The  results  embodied  in  the  foregoing  table  show  clearly  the  cause 
of  the  higher  yields  obtained  on  using  the  bars  a  second  time,  and 
account  for  the  very  low  yields  obtained  from  the  annealed  pieces. 
During  the  remainder  of  the  research,  the  operations  of  rendering 
normal  and  annealing  were  carried  out  on  the  original  1^-in.  bars,  and 
the  laborious  and  costly  plan  of  turning  the  steel  to  f-in.  round  had 
to  be  performed  on  each  bar,  the  percentages  of  carbon  on  the  surface 
of  the  small  pieces  thus  obtained  from  the  centre  of  the  bars  were 
frequently  checked,  particularly  in  the  case  of  the  annealed  samples, 
and  were  in  all  cases  found  identical  with  the  original  colour  estima- 
tions. 

The  hardened  pieces  were  also  taken  from  the  centre  of  the  large 
bars,  and  were  then  hardened  as  described  under  the  head  of 
"  Hardening  "  at  the  beginning  of  the  paper. 

In  Table  IV  are  embodied  the  results  obtained  on  the  normal  and 
annealed  pieces  taken  from  the  centre  of  the  large  bars. 

A  consideration  of  the  results  in  the  foregoing  table  indicates  that 
the  residues  obtained,  after  deducting  water  and  silica,  consist  of 
practically  pure  carbide  of  iron — the  divergences  from  the  formula 
FsaC  (C  6"67  and  Fe  93'33)  being  in  several  instances  only  such  as 

*  These  colour  tests  were  made  with  Bessemer  steel  standards  containing  about 
1  per  cent,  of  manganese.  To  the  authors'  surprise  no  difference  coidd  be  detected 
between  the  colours  yielded  by  the  solutions  of  the  normal  steels  and  those  ob- 
tained from  the  annealed  samples  of  the  If -in.  bars. 
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might  be  expected  from  unavoidable  slight  errors  of  analysis.  The 
difference  in  the  physical  appearance  between  the  residues  obtained 
from  the  normal  steels  and  those  obtained  from  the  annealed  samples, 
was  in  every  instance  very  marked.  The  reason  for  this  difference 
is  made  quite  clear  by  a  microscopic  examination  of  the  respective 
sections.  This  portion  of  the  research  cannot  be  fully  dealt  with  in 
the  present  paper,  but  micro-sections  of  No.  1  steel  in  the  normal 
and  annealed  state,  magnified  600  diameters,  are  drawn  in  Figures  2 
and  3  respectively. 

In  Fig.  2,  it  will  be  seen  that  the  normal  steel  consists  of  irregular 
and  ill-defined  crystals.  These  consist  of  iron  throughout  the  mass 
of  which  the  FcsC  is  scattered  in  the  form  of  microscopic  grains  and 
small  semi-crystallised  plates.  Here  and  there,  however,  crystals 
containing  well-defined  parallel  laminae  of  carbide  occur.  On  anneal- 
ing such  steels  under  the  condition  pi-eviously  described,  the  pure 
carbide  crystallises  out  in  well-defined  parallel   strise,  varying  consi- 
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derably  in  thickness  and  in  their  distances  apart.  In  some  crystals 
the  striae  are  straight,  in  others  wavy.  The  plates  may  appear  edge 
np  or  on  the  flat,  according  to  the  azimuth  of  the  crystal.  In  certain 
areas  the  carbide  forms  irregular  masses,  and  well-marked  rivers  fre- 
quently occur.     (Fig.  3.) 


Fig.  3. 


In  the  case  of  the  first  three  steels  in  the  table,  the  shape  of  the 
bar  was  retained,  owing  to  the  close  adherence  of  the  separated 
carbide. 

It  will  be  seen  that  from  No.  I  to  No.  Ill  steel  there  was  a  steady 
falling  off  in  the  yield  of  total  carbon  obtained  as  carbide  residue,  but 
that  it  remains  practically  constant  at  about  75  per  cent,  in  steels 
No.  Ill,  IV,  and  V. 

This  loss  cannot  well  be  attributed  to  any  considerable  decomposi- 
tion of  the  carbide  owing  to  its  fine  state  of  division,  because  the 
normal  and  annealed    samples   yield   practically  the    same   results. 
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Neither  can  it  be  put  clown  to  the  influence  of  time  of  immersion  in 
the  acid,  inasmuch  as  in  the  case  of  steel  'No.  II,  the  mean  difference 
of  yield  between  an  immersion  of  19  hours  and  one  of  33  hours  was 
only  1^  per  cent.  The  loss,  being  practically  the  same  in  the  well- 
annealed  steel  as  in  the  normal  steel,  cannot  be  due,  as  supposed  by 
Ledebur,  to  the  presence  of  hardening  carbon.  The  authors  can  only 
come  to  the  conclusion,  from  the  result  of  their  experiments,  that  a 
readily  decomposed  sub-carbide  of  iron  exists,  the  iron  of  which  is 
dissolved  whilst  the  carbon  escapes  as  hydrocarbons,  of  which  there 
is  a  slight  but  continuous  evolution  during  the  immersion  of  the  steel 
in  the  acid. 

In  the  second  estimation  of  the  normal  bar  of  No.  I,  the  abnormal 
treatment  seems  to  have  considerably  reduced  the  percentage  of 
normal  carbide  present,  owing  to  the  formation  at  the  continued  high 
temperature  to  which  the  piece  was  submitted  of  a  very  considerable 
proportion  of  sub-carbide.  It  must  of  course  be  borne  in  mind  that 
the  piece  thus  heated  was  I|-  in.  diameter,  and  that  the  carbide  test 
bar  of  f  in.  diameter  was  taken  from  the  centre  of  the  larger  piece,  so 
that  there  was  no  possibility  of  the  loss  being  due  to  the  carbon  being 
burnt  out  by  surface  oxidation. 

The  results  obtained  from  the  hardened  bars  are  set  forth  in  the 
foregoing  table  (p.  797). 

In  this  table  the  amount  of  cai-bon  necessary  to  form  FcaC 
with  the  iron  pi'esent  in  the  residue  has  been  calculated,  and  this 
amount  has  been  deducted  from  the  estimated  quantity  of  carbon. 
From  the  results  set  forth  in  this  table,  it  will  be  seen  that  as  the 
percentage  of  carbon  contained  in  the  steel  increases,  the  amount  of 
free  carbon  in  the  residue  also  increases,  whilst  the  iron  decreases. 
Whether  the  large  loss  of  carbon,  about  60  per  cent,  of  the  total,  is 
due  to  a  large  percentage  of  sub-carbide  or  to  hardening  carbon 
liberated  as  hydrocarbons,  there  is  no  conclusive  evidence  to  show,  as 
the  evolution  of  gas  from  the  hardened  steels  did  not  perceptibly 
exceed  that  from  unhardened  samples.  The  large  percentage  of 
impurities  contained  in  the  residue  shows  that  the  free  carbon  is 
hydrated. 

In  the  case  of  the  hardened  manganese  steel  (dealt  with  in  the  next 
section)  no  trace  of  manganese  could  be  detected  in  the  residue. 

Manganese  Steel. 
The  authors  thought  it  would  be  interesting  to  make  some  experi- 
ments on  a  steel  containing  a  high  percentage  of  manganese.     For 
this  purpose  a  25-lb.  ingot  was  made,  and  rolled  down  to  1  in.  round. 
The  analysis  of  this  steel  is  as  follows. 

Carbon.      Manganese.        Silicon.  Sulphur.       Phosphorus.  Iron(bydifP.). 

0-55  1-73  0-28  0-02  0*02  97-40 
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The  carbide  test  pieces  were  taken  from  the  centre  of  the  bar,  and 
the  experiments  carried  out  in  exactly  the  same  way  as  previously 
stated. 

The  residues  obtained  from  the  normal  and  annealed  pieces  were  at 
once  seen  to  be  different  from  those  obtained  in  previous  experiments. 
On  analysis,  these  residues  were  found  to  contain  a  considerable 
amount  of  manganese.  The  results  obtained  are  given  in  Table  VI 
(preceding  page). 

The  residues  from  the  annealed  sample  were  powders,  having  an 
uniform  light  grey  metallic  appearance.  Two  analyses  of  these 
residues  were  made,  the  results  agreeing  fairly  well ;  from  the 
figures  obtained,  this  double  carbide  corresponds  to  the  formula 
PcvMnCs.  The  residue  of  the  normal  piece  corresponded  to  the 
formula  FenMnC^ ;  this,  however,  the  authors  think,  must  not  be 
looked  upon  as  a  definite  compound,  but  rather  as  a  mixture  of  the 
double  carbide  of  iron  and  manganese  with  a  little  free  carbon  present 
from  the  decomposition  of  the  double  carbide  (see  figures  for  carbon. 
Table  VI). 

The  total  percentage  of  carbon  obtained  varies  a  little  owing  to  the 
difficulty  of  thoroughly  cleaning  the  bars. 

On  comparing  this  column  with  the  corresponding  one  in  Table  IV 
it  will  be  seen  that  this  double  carbide  is  less  stable  than  that  of  iron 
alone. 

It  is  an  interesting  fact  that  the  carbon  in  this  steel  was  repeatedly 
determined  by  the  colour  test  with  a  standard  containing  0'5  percent. 
C,  and  with  which  the  colour  test  made  on  'No.  II  steel  gave  results 
closely  agreeing  with  the  combustions.  The  result  registered  by  the 
manganese  steel  was  0"47  per  cent.,  whereas  the  true  carbon,  as  deter- 
mined by  combustion,  was  055  per  cent.  It  would  therefore  appear 
that  the  double  carbide  of  manganese  and  iron  gives  a  less  intense 
colour  than  carbide  of  iron  per  se. 

General  Conclusions. 

1.  That  the  existence  of  a  carbide  of  iron  possessing  the  formula 
FeaC  as  discovered  by  Abel  and  Miiller  by  independent  methods  is 
fully  confirmed. 

2.  That  the  normal  carbide  exists  in  two  forms  identical  in  chemi- 
cal composition. 

(a.)  A  diffused  carbide  scattered  in  microscopic  granules  or  very 
small  plates  throughout  the  iron  in  normal  steel,  yielding,  on  isola- 
tion, a  greyish-black  powder. 

(&.)  A  crystalline  carbide  arranged  in  comparatively  large  distinct 
plates  in  well-annealed  steel.  These  plates,  which  occur  chiefly  in 
the  form  of  well-marked  striae,    consist  of  almost   chemically  pure 
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FesC,  and  are  identical  with  the  microscopical  laminge  of  Dr.  Sorby's 
"  pearly  constituent,"  and  yield,  when  isolated,  bright  silver  plates. 

3.  That  the  percentage  of  the  total  carbon  obtained  as  carbide  is 
greater  in  hard  than  in  mild  steel,  the  yield  being  in  normal  numbers 
as  follows. 

In  iron  containing  I'O    per  cent,  carbon,  92  per  cent. ;  loss  8  p.  c. 
5,  iv  0'5  „  „       87         „  „    13     ., 

0-25         „  „       74  ,  „    26     „ 

4.  That  the  above  loss  does  not  appear  to  be  due  to  decomposition, 
but  rather  to  the  presence  of  an  unstable  sub-carbide  of  iron  (contain- 
ing less  carbon  than  the  normal  compound),  existing  to  the  extent  of 
about  25  per  cent,  of  the  total  carbon  in  mild  steel,  and  capable  also 
of  existing  to  the  same  amountjin  hard  steel  after  the  latter  has  been 
heated  for  some  time  at  a  white  heat  (see  second  result  in  No.  1  N. 
Steel,  Table  IV). 

5.  That  the  loss  being  practically  the  same  in  well-annealed  steel 
as  in  the  normal  metal,  it  cannot  be  due,  as  supposed  by  Ledebur,  to 
the  presence  of  hardening  carbon. 

6.  That  the  carbon  in  hardened  steel  exists  chiefly  in  solution  or  as 
a  feebly  combined  and  extremely  attenuated  carbide,  leaving,  on  iso- 
lation, a  residue  consisting  mainly  of  hydrate  of  carbon  mixed  to  a 
slight  extent  with  normal  carbide  of  iron.*  Whether  the  large  loss 
of  carbon  (about  50  per  cent,  of  the  total)  occurring  during  the 
galvanic  decomposition  of  hardened  steel,  is  due  to  the  presence  of  si 
large  percentage  of  sub-carbide  or  to  evolved  hydrocarbons  formed 
by  the  action  of  nascent  hydrogen  on  finely-divided  free  or  feebly- 
combined  carbon,  there  is  no  conclusive  evidence  to  show,  although 
the  evolution  of  gas  from  hardened  steel  does  not  perceptibly  exceed 
that  from  unhardened  samples. 

7.  That  in  steel  high  in  manganese  a  portion  of  the  iron  may  be 
replaced  by  manganese,  and  that  the  double  carbide  is  less  stable 
than  that  of  iron  alone,  especially  in  normal  steels. 

The  Technical  School, 
Sheffield. 

*  The  exceedingly  small  percentage  (about  5  per  cent.)  of  the  total  carbon  ob- 
tained by  Abel  in  the  residue  from  hardened  steel  was  doubtless  owing  to  the 
oxidation  of  the  finely  divided  carbon  by  the  chromic  acid.  Possibly  the  large 
evolution  of  gas  he  noted  from  the  hardened  discs  was  to  a  considerable  extent  due 
to  carbon  dioxide. 
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LXII. — Effect  of  Heat  on  lodates  and  Bromates. 

I.  Potassic  lodate  and  Bromate. 

By  Ernest  H.  Cook,  D.Sc.  (Lond.),  A.R.C.S.,  (Dub.). 

In  order  to  compare  the  effects  produced  by  heating  bromates  and 
iodates  as  well  as  to  determine  whether  any  other  oxy-compounds  ave 
formed  during  the  process,  the  experiments  described  in  this  paper 
were  undertaken.     It  is  intended  to  extend  them  to  other  salts. 

The  preliminary  experiments  soon  showed  that  if  trustworthy 
results  were  to  be  obtained  the  ordinary  reagents  sold  as  pure  could 
not  be  relied  upon.  It,  therefore,  became  necessary  to  specially 
purify  each  one  before  use ;  this  was  done  in  the  usual  way,  but  ex- 
ceptional difficulties  were  experienced  in  the  case  of  potassium  iodide. 
Every  commercial  sample  examined  gave  a  separation  of  iodine  on 
treating  it  with  pure  hydrochloric  acid  and  allowing  it  to  stand. 
Hitherto  such  a  separation  has  been  supposed  to  indicate  the  presence 
of  iodate,  but  quite  recently,  since  the  commencement  of  these 
experiments,  Robineau  and  Rollin  have  published  (/.  Pharm.,  26, 
485 — 490)  a  research  on  the  "  Detection  of  lodates  in  Iodides,"  in 
which  they  state  that  "  in  presence  of  air  and  moisture  all  the  acids, 
even  carbonic  anhydride,  decompose  potassium  iodide,  and  that  this 
salt  is  also  decomposed  when  moist  in  presence  of  air  and  light,"  and 
''  similar  results  are  obtained  with  solutions  of  the  salt,  iodine  being 
set  free  whilst  the  solution  becomes  alkaline."  They,  therefore,  con- 
clude that  this  test  for  the  presence  of  iodates  in  the  iodide  is  useless, 
and  they  propose  the  alternative  one  founded  upon  the  immediate 
production  of  a  colour  with  starch  paste  on  the  addition  of  hydrogen 
tartrate. 

The  immense  importance  of  these  statements  to  those  who  rely  on 
potassium  iodide  as  a  reagent  is  obvious,  and  I  have,  therefore,  made 
a  series  of  experiments  with  the  view  of  testing  them. 

Numerous  attempts  had  been  made  to  prepare  a  salt  which  would 
not  give  any  separation  of  iodine  when  its  solution  was  acidified 
with  acid.     The  methods  of  purification  adopted  were  : — 

1.  Repeated  crystallisation  from  water  of  the  better  shaped 
crystals. 

2.  Fusion  with  charcoal  powder  and  subsequent  crystallisation 
from  water. 

3.  Heating  the  solution  of  potassic  iodide  with  the  copper-zinc 
couple. 

4.  Crystallisation  from  absolute  alcohol. 

In    no   case,   however,   was   a  product  obtained   which   failed   to 
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become  brown  when  its  solution  in  water  was  acidified  with  hydro- 
chloric or  sulphuric  acid. 

These  experiments  extended  over  a  considerable  time,  and  it  is 
quite  improbable  that  a  pure  substance  was  not  obtained  in  some  of 
them  ;  moreover,  it  is  very  difficult  to  believe  that  such  a  powerful 
reducing  agent  as  the  copper-zinc  couple  should  not  act  on  the 
small  quantity  of  iodate  present.  It  is,  therefore,  justifiable  to  say 
that  the  separation  of  iodine  from  a  solution  of  potassium  iodide  on 
adding  an  acid  and  allowing  the  mixture  to  stand  is  no  proof  that 
the  salt  contains  iodate. 

One  of  the  methods  of  analysis  adopted  depended  on  titrating  the 
iodine  with  thiosulphate,  and,  therefore,  it  became  important  to 
overcome  the  difficulty  caused  by  the  separation  of  free  iodine  from 
the  iodide  itself.  This  was  finally  accomplished  by  setting  a  blank 
experiment  going  side  by  side  with  the  original.  In  this  way  good 
results  were  obtained. 

In  some  measure  this  peculiar  behaviour  of  potassium  iodide  con- 
firms the  results  of  Robineau  and  Rollin,  although  my  experiments 
wei^e  made  before  theirs.  In  order,  however,  to  test  the  truth  of  their 
statements  the  following  experiments  were  made. 

Experiments  with  Potassium  Iodide. 

I.  Some  of  the  best  defined  crystals  from  a  sample  of  potassium 
iodide,  sold  as  pure,  were  recrystallised  from  water.  A  solution  was 
then  made  of  1  part  of  the  salt  in  10  parts  of  water,  care  being  taken 
to  well  boil  the  latter  directly  before  use,  so  as  to  dispel  any  dissolved 
oxygen.     This  solution  was  then  treated  as  follows  : — 

a.  Starch  paste  and  tartaric  acid  were  added  to  the  solution,  but 
no  immediate  coloration  was  produced.  Therefore,  according  to 
Robineau  and  Rollin,  the  sample  was  free  from  iodate, 

h.  Two  test-tubes  were  partly  filled  with  the  solution,  one  was 
placed  in  the  dark,  and  the  other  in  the  light.  A  gradually  increas- 
ing colour  due  to  separated  iodine  was  noticed  in  the  one  exposed  to 
light,  whereas  the  one  in  the  dark  gave  no  colour  after  three  days. 
Both  tubes  were  freely  open  to  the  air. 

c.  Ten  test-tubes  were  now  partly  filled  with  the  .iodide  solution, 
and  a  small  quantity  of  solutions  of  the  following  acids  added,  the 
water  used  having  been,  as  before,  well  boiled  jiist  before  use  and 
allowed  to  cool ;  hydrochloric  (diluted  pure),  nitric  (diluted  pure), 
sulphuric  (diluted  pure),  acetic  (diluted  pure),  phosphoric,  oxalic, 
tartaric,  citric,  salicylic,  and  arsenious.  The  whole  of  the  solutions 
were  very  weak  and  the  mixing  was  done  in  the  cold.  In  every 
case,  except  with  tartaric,  oxalic  and  arsenious  acids  an  immediate 
separation   of    iodine   was    observed.     In    the   case  of  tartaric  and 
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oxalic  acids,  a  colour  was  produced  after  about  4  or  5  minutes,  but 
no  production  of  colour  was  noticed  in  the  arsenious  acid  even  after 
24  hours  standing. 

d.  Two  tubes  of  the  same  size  were  about  half  filled  with  the 
iodide  solution,  and  into  one  of  them  well-washed  carbon  dioxide 
was  passed,  so  as  to  displace  the  air  above  the  liquid  by  this  gas. 
Both  tubes  were  now  corked  and  placed  side  by  side  in  the  dark  for 
24  hours ;  after  this  time,  a  distinct  brown  coloration  was  noticed 
in  the  carbon  dioxide  tube,  but  not  in  the  other. 

These  results  would,  therefore,  seem  to  confirm  those  of  Robineau 
and  Rollin,  but  remembering  previous  experience,  it  was  decided  to 
repeat  them  on  specially  purified  material.  A  quantity  of  potassium 
iodide  was,  therefore,  crystallised  from  absolute  alcohol,  and  the  tests 
repeated  with  the  material  thus  obtained. 

a.  Tartaric  acid  did  not  liberate  any  iodine  from  the  solution  even 
after  standing  for  24  hours. 

6.  The  solution  of  the  salt  in  water  freely  exposed  to  the  air,  and 
a  powerful  light  did  not  give  up  iodine. 

c.  The  following  acids  produced  a  separation  of  iodine  from  the 
solution  after  a  minute  or  two,  namely,  hydrochloric,  sulphuric, 
acetic,  oxalic.  Solution  of  arsenious  oxide  in  water  produced  no 
Other  acids  were  not  tried. 

d.  Carbon  dioxide  failed  to  separate  any  iodine  even  after  standing 
in  contact  with  the  solution  freely  exposed  to  the  light  for  several 
weeks. 

These  experiments,  therefore,  show  : — 

1.  That  exposure  of  a  solution  of  ordinary  purified  potassium 
iodide  to  air  and  light  produces  a  separation  of  iodine.  But  if  the 
iodide  has  been  purified  by  crystallisation  from  absolute  alcohol  no 
separation  of  iodine  can  be  produced  in  such  a  way. 

2.  That  weak  acids  cause  a  separation  of  iodine  from  solutions  of 
potassic  iodide.  If  the  iodide  has  been  prepared  by  crystallisation 
from  absolute  alcohol,  tartaric  acid  will  not  do  this. 

3.  That  carbon  dioxide  will  not  separate  iodine  from  a  solution 
of  potassium  iodide  which  has  been  purified  by  crystallisation  from 
absolute  alcohol. 

Assuming  then  that  potassic  iodide,  prepared  by  crystallisation 
from  its  solutions  in  absolute  alcohol  is  pure,  the  solution  in  water  of 
such  pure  iodide  is  not  coloured  by  exposure  to  light,  or  by  carbon 
dioxide,  or  by  tartaric  acid  solution. 

Analysis  of  the  lodate  and  Bromate. 

The  determination  of  the  halogen  in  the  oxy-salt  was  done  in  one 
of  three  ways. 
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(a.)  By  digestion  with,  potassic  iodide  and  hydrochloric  acid. 

(6.)   By  reduction  with  sulphurous  acid. 

(c.)  By  reduction  with  the  copper-zinc  couple. 

The  first  two  methods  have  been  employed  before,  but,  so  far  as  I 
am  aware,  the  last  process  has  not,  although  Thorpe  proposed  it  for 
use  in  the  analysis  of  chlorates. 

In  the  course  of  this  work,  a  considerable  number  of  determina- 
tions have  been  made  by  each  method.  The  digestion  with  potassium 
iodide  and  hydrochloric  acid  was  done  in  the  usual  way  in  stoppered 
bottles,  but  a  blank  experiment  with  potassium  iodide  and  hydro- 
chloric acid  was  made  side  by  side  with  the  main  one,  as  otherwise 
good  results  could  not  be  obtained.  Care  must  be  taken  not  to  re- 
move the  stoppers  until  the  bottles  and  their  contents  are  quite  cold. 
Results  which  agreed  with  each  other  within  O'l  per  cent,  were  con- 
stantly obtained. 

The  reduction  by  sulphurous  acid  was  effected  by  passing  the 
washed  gas  through  the  solution  until  a  colourless  or  (usually) 
slightly  brown  solution  was  produced,  adding  nitric  acid  and  then 
silver  nitrate. 

In  reference  to  the  reduction  by  the  copper-zinc  couple,  Thorpe 
has  shown  that  it  reduces  potassium  chlorate  completely  (Chem. 
Soc.  J.,  1876,  i,  856),  and  Gladstone  and  Tribe  have  investigated  the 
action  with  a  view  to  discover  if  any  intermediate  compounds  are 
produced  (ibid.,  1878,  147).  So  far  as  I  am  aware,  however,  the 
action  of  the  couple  on  iodic  and  bromic  acids  has  not  been  tried. 
Naturally  it  would  be  supposed  that  these  compounds  would  be  re- 
duced in  a  similar  manner  to  the  chlorates.  It  was  first  necessary 
to  ascei*tain  this,  and  in  order  to  do  so  a  series  of  experiments  were 
undertaken.     I  quote  the  first  two  of  these  as  typical  of  the  whole. 

Impure  Sample  of  Potassic  lodate. — The  salt  was  dissolved  in  water, 
and  poured  on  to  a  recently  prepared  couple.  The  mixture  was 
gradually  heated  and  kept  boiling  for  10  minutes,  after  which  it  was 
filtered,  and  the  iodide  precipitated  with  silver  nitrate.  Three  deter- 
minations gave  the  following  results  : — 

(1.)  0-5000  gave  0-5646  Agl ;  I  =  61-02. 
(2.)  1-0000  gave  1*1410  Agl ;  I  =  61-66. 
(3.)  0-5000  gave  05720  Agl ;  I  =  61-82. 

The  mean  of  the  percentages  is  61*50,  whilst  the  mean  found  by 
the  digestion  process  was  61-52. 

Potassic  Bromate. — The  same  process  was  adopted  as  in  the  case  of 
the  iodate. 

(1.)  0-5000  gave  0-5570  AgBr;  Br  =  47*40. 
(2.)  0-5000  gave  05560  AgBr;  Br  =  47-32. 
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The  mean  of  the  percentages  is  47'36,  whilst  the  mean  found  by 
the  digestion  process  was  47"40. 

There  can  therefore  be  no  doubt  that  the  oxy-salts  are  completely 
reduced  by  the  action  of  the  couple. 

The  mode  of  employing  the  method  is  very  simple.  The  couples 
are  prepared  according  to  the  directions  of  Gladstone  and  Tribe 
{{bid.,  i,  1877,  p.  561),  and  the  solution  of  the  oxy-salt  poured  on. 
The  mixture  is  then  very  gradually  warmed  for  half  an  hour,  and 
finally  boiled  for  the  same  length  of  time,  the  solution  filtered,  the 
residue  well  washed,  the  washings  added  to  the  filtrate,  and  the  whole 
precipitated  with  silver  nitrate.  Fresh  couples  must  be  prepared  for 
each  experiment. 

All  three  methods  give  excellent  results  if  proper  precautions  be 
taken.  The  digestion  process  with  potassium  iodide  is  untrustworthy 
unless  a  blank  experiment,  in  which  the  same  quantities  of  iodide 
and  acid  are  used,  is  carried  on  side  by  side  with  the  main  de- 
termination. In  fact,  remembering  the  peculiar  behaviour  of  potas- 
sium iodide,  it  is  difficult  to  see  how  accurate  results  could  have  been 
obtained  without  doing  this. 

Effect  of  Heating  Potassic  lodate. 

This  action  has  been  studied  by  Gay-Lussac,  Rammelsberg,  and 
Schonbein,  and  the  results  they  arrived  at  are  thus  summarised  in 
Muir  and  Morley's  edition  of  Watts's  Dictionary.  "  Decomposes  at 
higher  temperatures  than  KCIO3  into  KI  and  0  without  production 
of  KIO4." 

In  the  latest  edition  of  Watts's  Dictionary,  1882,  the  action  is  more 
particularly  described,  thus  : — "  At  a  low  red  heat,  the  salt  melts  and 
froths  up,  and  is  converted,  with  loss  of  22'o9  per  cent,  of  oxygen, 
into  KI.  If  only  part  of  the  0  is  expelled,  the  residue  consists  of 
iodide  and  iodate,  without  any  periodate." 

Repeated  crystallisation  from  water  failed  to  give  a  salt  of  suffi- 
cient purity  for  experiment.  The  plan  finally  adopted  was  therefore 
to  crystallise  the  commercial  sample  from  water,  then  to  redissolve 
the  salt  in  a  convenient  amount  of  water,  and  add  to  the  solution  a 
little  pure  alcohol.  An  immediate  precipitate  is  produced ;  this  is 
collected,  washed  with  a  little  water,  and  then  dissolved  in  a  larger 
quantity  of  the  same  liquid  ;  on  careful  evaporation,  crystals  of  pure 
potassium  iodate  separate.  The  salt  thus  prepared  forms  nodular 
masses  of  minute  cubical  crystals,  the  crystals  showing  a  tendency  to 
agglomerate  in  masses  in  the  form  of  a  cross. 

As  an  indication  of  the  purity  of  the  salt  thus  obtained,  and  there- 
fore of  that  used  in  tlie  following  experiments,  these  analytical  num- 
bers were  given  on  analysis. 
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Potassium 

Iodine 

Oxygen  (by  dift.}. 


I. 

18-42 
59-21 
22-37 


II. 

18-30 
59-21 
22-49 


Theory  for  KIO3. 

i8-27 
59-28 
2243 


The  salt  did  not  alter  in  weight  when  kept  in  the  water  oven  at 
100°  for  several  hours. 

Apparatus  Employed. — The  apparatus  finally  employed  for  the 
heating  experiments  was  of  a  very  simple  character.  Into  the  open 
end  of  a  piece  of  hard  combustion  tube,  a  second  piece  of  just  suffi- 
cient size  to  fit  tightly  was  inserted.  This  second  tube  thus  formed 
a  hollow  stopper  for  the  first,  The  end  of  the  stopper  tube  which 
was  inside  the  other  was  shaped  into  the  form  of  an  inverted  cone 
with  the  apex  inwards.  This  apex  was  open,  as  was  also  the  other 
end  of  the  tube ;  thus  any  gas  produced  in  the  first  tube  could  pass 
freely  into  the  air  through  the  second.  The  stopper  tube  was  loosely 
filled  with  glass  wool,  and  this  was  moistened  with  a  solution  of  potas- 
sium iodide,  the  object  being  to  arrest  any  iodine  or  bromine  which 


I 


might  be  given  off  during  the  heating.  The  inversion  of  the  bottom 
end  of  the  tube  prevented  any  liquid  dropping  into  the  first  tube  by 
allowing  a  space  for  it  to  collect  in  around  the  bottom  of  the  cone. 
The  heating  tube  was  inclined,  and  a  screen  shut  off  the  heat  from 
its  upper  portion,  so  that  it  did  not  reach  the  second  tube.  The  dis- 
position of  the  apparatus  is  shown  in  the  sketch. 

Change  in  Appearance  on  Heating. — The  effect  of  heat  on  potassium 
iodate  is  very  well  marked.     No  change  whatever  takes  place  in  the 

VOL.    LXV.  3    K 
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appearance  of  the  salt  at  100°,  neither  does  it  lose  weight  even  if 
kept  at  this  temperature  for  several  hours.  At  about  ]  20",  the  salt 
"begins  to  assume  a  brown  tint,  and  at  160°  it  has  become  quite 
brown,  the  colour  increasing  in  depth  up  to  its  melting  point  (560°, 
Carnelly).  Just  as  the  substance  begins  to  fuse,  iodine  vapour  is 
observed  to  be  given  off  in  very  small  quantity,  and  the  substance 
becomes  white.  During  the  fusion  no  iodine  is  given  off.  Fusion 
goes  on  quietly  for  some  time,  but  at  last  the  whole  mass  becomes 
solid.  The  temperature  must  now  be  raised  very  considerably  to  fuse 
the  remainder.  The  formation  of  this  solid  mass  shows  the  decom- 
position of  the  iodate  to  be  complete,  as  no  further  loss  of  weight 
occurs  even  on  prolonged  heating. 

Testing  the  Brown  Compound. — The  first  thing  necessary  was  to 
ascertain  what  was  the  cause  of  the  production  of  the  brown  colour. 
Samples  were  therefore  taken  and  carefully  heated  (1)  up  to  160"" ; 
(2)  up  to  300°  ;  and  (3)  in  boiling  sulphur,  that  is  up  to  449° 
(Regnault).  On  cooling,  and  examining  the  product,  it  was  noticed 
that  the  depth  of  colour  increased  with  the  temperature,  but  on 
weighing  it  was  found  that  no  loss  of  weight  whatever  had  taken 
place,  and  no  deposit  of  iodine  could  be  observed  on  the  sides  of  the 
tube.  On  dissolving  the  salt  in  water,  a  colourless  and  neutral  solution 
was  obtained,  thereby  showing  that  no  free  iodine  had  been  pro- 
duced. Silver  nitrate  gave  a  wMte  precipitate,  soluble  in  nitric  acid, 
thus  proving  the  absence  of  periodate,  and  also  of  iodide.  The  latter 
was  also  proved  to  be  absent  by  the  non-production  of  colour  on  the 
addition  of  dilute  hydrochloric  or  sulphuric  acid. 

That  the  brown  compound  was  formed  without  any  alteration 
in  oomposition  of  the  potassium  iodate  taking  place  was  proved 
by  the  following  experiment.  Two  quantities  of  pure  potassium 
iodate,  of  0*3  gram  each,  were  heated  for  five  hours  in  a  bath  of 
boiling  sulphur.  The  substance  became  quite  brown,  but  no  change 
in  weight  took  place,  and  on  estimating  the  iodine  precisely  the  same 
percentage  was  found  as  in  the  original  substance.  It  would  thus 
appear  that  the  brown  compound  is  caused  by  some  intra-molecular 
change  of  the  ordinary  iodate  without  any  decomposition  accom- 
panied by  loss  or  gain  in  weight  taking  place.  It  may  be  that  the 
brown  colour  is  caused  by  a  separation  of  the  iodine,  which  is  after- 
wards given  off  on  fusion  of  the  salt,  this  iodine  being  held  by  the 
crystalline  structure  of  the  salt  in  such  a  way  that  it  cannot  escape, 
until  fusion  breaks  up  this  structure  and  sets  it  free.  When  the 
heated  salt  is  dissolved  in  water,  the  iodine  recombines  with  the 
potassium  and  oxygen  from  which  it  was  separated,  reforming 
iodate. 
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Complete  DecoTnposition  of  Potassic  lodate. 

Quantities  of  the  pure  salt  in  a  finely  divided  state  were  weighed 
out  in  the  combustion  tubes,  and  carefully  heated  until  decomposition 
had  entirely  ceased.  This  usually  occupied  about  four  hours,  care 
being  taken  to  regulate  the  heat  so  as  to  prevent  any  sudden  increase 
in  temperature.  When  decomposition  was  complete,  the  combustion 
tubes  were  allowed  to  cool  and  then  weighed.  The  contents  of  the 
stopper  tubes  were  washed  out  with  a  little  potassium  iodide  solution, 
and  the  amount  of  the  iodine  estimated  by  standard  thiosulphate. 
The  following:  were  the  results  obtained. 


KIOh  taken. 


grams 

0-5000 

0-7500 

1-000 

1-0018 

l-OOO 

1-000 

0-500 

0-500 


Residue. 


grains 
0-3850 
0  -5800 
0  -7710 
0 -7708 
0-7700 
0  -7720 
0  -3850 
0-3860 


Per  cent, 
loss. 


23 
22 
22 
23 
23 
22 
23 
22 


-00 
•66 
-90 
-05 
•00 
-80 
•00 
•80 


Iodine 
evolved. 


per  cent. 

0-305 
0-308 
0-310 
0-306 
0-310 
0-309 


Oxygen 
evolved. 


per  cent. 

22-355 
22-592 
22  740 
22  694 
22-490 
22-691 


Total  loss. 

Iodine. 

Oxygen. 

IVfaximum  difPerences • . . 

per  cent. 

0-390 

22  -901 

per  cent. 
0-005 
0-308 

per  cent. 
0-385 

Mean  results 

22  -593 

Analysis  of  the  Residue. — The  substance  remaining  in  the  tubes 
after  the  heating  was  found  to  be  easily  soluble  in  water,  forming  a 
neutral  solution.  No  separation  of  iodine  took  place  on  the  addition 
of  dilute  acid,  thereby  proving  the  absence  of  iodate.  The  iodine 
was  estimated  as  silver  iodide. 


Weight  of 
residue. 

0-7708 

0-7700 


Amount  of 
iodine  found. 

0-5876 

0-5880 


Percentage. 
76-24 
76-32 


Theory  for 

KI. 

76-50 

76-50 


The  residue  is  therefore  pure  KI. 

It  has  been  proved,  therefore,  that  when  pure  potassic  iodate  is 
heated  until  it  is  completely  decomposed,  it  loses  22-59  per  cent,  of 
oxygen,  and  0-308  per  cent,  of  iodine,  leaving  a  residue  of  potassic 
iodide. 

3  K  2 


«10      COOK:   EFFECT   OF   HEAT   ON  lODATES   AND   BROMATES. 

Partial  Decomposition  of  Potassic  lodate  by  Heat. 

The  total  decomposition  having  been  studied,  and  no  other  oxy- 
compounds  of  iodine  having  been  formed,  it  was  thought  that  perhaps 
these  might  be  produced  if  the  process  was  stopped  before  all  the 
oxygen  was  evolved.  In  order  to  test  this,  pure  iodate  was  heated 
very  carefully,  the  heating  being  discontinued  after  varying  amounts 
of  oxygen  had  been  evolved.  In  the  first  case,  a  loss  of  4'5  per  cent, 
had  taken  place ;  in  the  second,  of  6"7  ;  and  in  third,  of  15"6.  These 
narabers  were  quite  fortuitous,  and  in  no  sense  indicate  that  any 
change  whatever  could  be  noticed  at  these  particular  stages  of  the 
decomposition.  The  analysis  of  the  residue  presented  unexpected 
difficulties,  as  it  was  found  that  very  great  care  indeed  had  to  be 
taken  in  order  that  the  silver  iodate,  which  was  precipitated 
on  the  addition  of  silver  nitrate  to  the  solution  of  the  mixed  iodate 
and  iodide,  should  be  dissolved  in  nitric  acid.  This  only  takes  place 
with  diflficulty,  especially  when  the  proportion  of  silver  iodate  to 
silver  iodide  is  large ;  in  fact,  several  trials  proving  unsatisfactory, 
the  method  was  abandoned,  and  the  following  substituted  in  its 
place.  The  residue,  after  heating,  was  dissolved  in  Avater,  and  the 
solution  made  up  to  a  known  volume.  A  certain  proportion  was 
then  taken,  hydrochloric  acid  and  solution  of  potassium  iodide  added, 
and  the  mixture  digested  on  the  water-bath  for  three  or  four  hours. 
The  iodine  thus  set  free  was  estimated  by  standard  thiosulphate, 
and  the  amount  of  potassium  iodate  in  the  residue  was  then  calcu- 
lated, a  blank  experiment  with  potassium  iodide  and  hydrochloric 
acid  being  carried  on  side  by  side.  The  iodide  was  estimated  by 
adding  an  excess  of  acetic  acid,  and  digesting,  dissolving  the  liberated 
iodine  in  carbon  bisulphide,  washing,  and  titrating  with  thiosulphate. 
The  reason  why  this  process  is  possible  is  that  1  mol.  of  potassium 
iodate  reacts  with  5  mols.  of  iodide  (roughly,  1  part  by  weight  of 
KIO3  to  4  of  KI),  and  that  therefore  so  long  as  the  amount  of  iodide 
does  not  exceed  four  times  that  of  the  iodate,  there  will  be  a  decom- 
position of  the  whole  of  the  iodide,  but  not  of  the  iodate.  Five-sixths 
i)f  the  iodine  liberated  will  be  derived  from  the  iodide,  and  hence 
the  amount  of  the  latter  present  may  be  calculated.  The  following 
results  were  thus  obtained. 

I.  1  gram  of  KIO3,  heated  until  it  fused,  lost  4'5  per  cent.     The 

residue  contained  an  amount  of  KIO3  equal  to  82 '87  per  cent, 

of  the  original  KIO3,  and  11*78  per  cent,  of  KI. 
II.  1  gram  of  KIO3  heated  until  it  lost  15"6  per  cent.     The  residue 

contained  KIO3,  equal  to   32'1   per  cent,  of  the  original,  and 

52 '54  per  cent,  of  KI. 
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I. 

II. 

KIO, 

. .     82-87 

32-10 

KI 

.      1178 

52-54 

Loss  on  heating    . . 

4-50 

15-60 

99-15  100-24 

The  close  agreement  of  these  numbers  with  100  shows  that  no  per- 
iodate  is  formed  in  the  process,  and  this  was  still  further  confirmed  by 
the  production  of  a  white  precipitate  on  the  addition  of  silver  nitrate. 
The  solution  of  the  residue  in  water  is  quite  colourless  and  neutral. 

Action  of  Heat  on  Potassic  Bromaie. 

Less  difficulty  was  experienced  in  purifying  this  substance  than 
was  the  case  with  the  iodate.  The  pure  salt  was  obtained  after  six 
crystallisations  from  water.  It  did  not  lose  weight  at  100°;  a?, 
however,  it  absorbs  a  little  moisture  (about  0-6  per  cent.)  very 
readily,  it  was  dried  before  each  heating.  The  heating  was  effected 
in  the  same  apparatus  as  was  used  for  the  iodate.  No  change  could 
be  observed  in  the  appearance  of  the  salt  until  the  temperature 
reached  about  180°,  when  decrepitation  began,  notwithstanding  that 
the  substance  had  been  finely  powdered.  These  decrepitations  con- 
tinued until  fusion,  which  took  place  at  434°  (Carnelly).  In  order  to 
see  if  any  bromine  was  evolved,  the  glass  wool  was  moistened  with 
solution  of  potassic  iodide  ;  in  this  way  it  was  shown  that  bromine 
is  given  ofi^,  and  the  amount  was  easily  determined.  Experiments 
made  to  ascertain  at  what  stage  of  the  process  the  bromine  was 
evolved,  showed  that  it  began  when  decrepitation  began,  and  con- 
tinued up  to  fusion,  when  it  ceased.  On  comparing  this  with  what 
occurs  in  the  case  of  the  iodate,  it  will  be  observed  that  the  latter 
commences  to  become  brown  at  a  somewhat  lower  temperature  than 
that  at  which  decrepitation  commences  with  the  bromate,  but  that 
vo  iodine  is  evolved  until  the  fusion  begins.  This  somewhat  supports 
the  idea  that  the  brown  colour  of  the  iodate  is  due  to  liberated  iodine, 
which  is  prevented  from  escaping  by  the  crystalline  structure  of  the 
salt  until  fusion  breaks  down  the  structure  and  allows  it  to  escape. 
In  the  case  of  the  bromate,  the  crystals  break  up  before  fusion,  and 
allow  the  bromine  to  pass  off. 

The  salt  fuses  to  a  colourless  liquid,  and  oxygen  is  evolved  in  a 
gentle  stream ;  after  some  time,  however,  the  evolution  gradually 
ceases  and  the  mass  becomes  solid,  indicating  the  complete  decompo- 
sition of  the  bromate  and  formation  of  bromide.  The  following 
results  were  obtained. 
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KBrO,  taken. 


grams 
0 -7795 
1  -0000 
1-0000 
1-0000 
].  -0000 


Residue. 


grams 
0-5500 
0 -7050 
0-7050 
0  -7039 
0 -7020 


Per  cent, 
loss. 


29-44 
29-50 
29-50 
29-61 
29-80 


Br  evolved. 


per  cent. 


0  -0772 
0-0775 
0  -0774 


Oxygen 
evolved. 


per  cent. 


29 -4228 
29  -5325 
29  -7226 


Total  loss. 

Bromine. 

Oxygen. 

Maximum  di£ferences 

per  cent. 

0-36 

29-57 

per  cent. 
0-0003 
0  -07736 

per  cent. 
0  -2998 

Mean  results . . 

29-5593 

Care  is  necessary  in  the  heating  to  see  that  no  spurting  of  the  salt 
occurs  during  decrepitation,  whereby  some  of  it  is  projected  up  the 
tube  and  escapes  decomposition.  This  was  avoided  by  heating  until 
fusion  commenced,  then  allowing  to  cool,  and  again  heating  after 
brushing  down  any  particles  adhering  to  the  sides. 

Analysis  of  Mesidue. — The  residue  was  white  and  easily  soluble 
in  water,  forming  a  neutral  solution  which  gave  no  coloration  with 
acids  (absence  of  oxy-compounds).  Analysis  gave  the  following 
numbers. 


Weight  of 
residue. 

Amount  of 
bromine  found. 

Percentage. 

Theory  for 
KBr. 

0-7140 

0-4784 

67-003 

67-23 

0-7077 

0-4735 

66-921 

67-23 

The  residue  is  therefore  pure  potassium  bromide. 

Thus  when  pure  potassium  bromate  is  heated  until  it  is  completely 
decomposed,  it  loses  29*56  per  cent,  of  oxygen  and  0-08  per  cent,  of 
bromine,  and  leaves  a  residue  of  potassic  bromide. 

PaHial  Decomposition  of  Potassic  Bromate  by  Heat. 

This  was  studied  in  the  same  way  as  in  the  case  of  the  iodate,  but 
the  end  of  the  stopper  tube  was  connected  with  a  delivery  tube  which 
was  attached  to  a  vessel  standing  in  the  pneumatic  trough  so  that 
the  rate  of  evolution  of  the  oxygen  could  be  watched.  Heat  was 
applied  by  a  carefully-regulated  burner  or  by  immersing  the  tubes 
for  a  certain  length  of  time  in  boiling  sulphur.  It  was  found,  if  the 
heat  was  very  carefully  applied  so  that  the  temperature  rose  veri/ 
slowly,  that  after  a  certain  amount  of  oxygen  had  been  evolved  the 
evolution  slackened  and  eventually  quite  ceased.     Attempts  were  now 
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inade  to  find  if  this  break  took  place  at  any  constant  percentage  of 
decomposition.     The  following  results  were  obtained. 

I.  0*7795  gram  heated  until  first  evolution  ceased  ;  it  lost  0"0203 

gram  =  2"60  per  cent. 
II.  0*4921  gram  lost  0-0131  gram  =  2*66  per  cent. 
III.  0-5082     „         „   0-0142     „      =  2*79       „ 
Mean,  2*68  per  cent. 

It  would  thus  appear  that  a  well-marked  break  takes  place  when 
about  2' 7  per  cent,  of  oxygen  is  evolved.  Further  experimenting, 
however,  showed  that  this  number  depends  on  the  amount  of  salt 
taken  and  the  apparatus  used.  It  is  probably  caused  by  the  decom- 
position of  the  layer  of  bromate  in  contact  with  the  heated  surface  of 
the  glass,  which,  when  decomposed,  becomes  bromide,  through  which 
the  heat  has  to  penetrate  in  order  to  reach  the  undecomposed  salt 
inside.  Thus  varying  numbers  have  been  obtained  with  different 
tubes  and  quantities.  The  loss  of  the  2*7  per  cent,  therefore  does  not 
represent  any  definite  reaction  taking  place  throughout  the  mass  ;  but 
in  order  to  ascertain  if  any  oxy-compounds  were  formed  the  residue 
was  analysed.  The  bromate  was  estimated  by  digestion  with  potassic 
iodide  and  hydrochloric  acid,  and  the  bromide  by  precipitating  with 
silver  nitrate,  adding  nitric  acid  and  filtering  hot.  In  this  case  also, 
difficulty  was  experienced  in  dissolving  the  argentic  bromate,  and  the 
method  gives  good  results  only  with  the  greatest  care.  The  silver 
bromate  is,  however,  more  soluble  in  hot  nitric  acid  than  the  iodate, 
but  on  allowing  the  hot  solution  to  stand,  crystals  of  pure  anhydrous 
silver  bromate  separate.     The  following  results  weie  obtained. 

I.  0-4921  gram  of  pure  KBrOs  was  heated  until  it  lost  O'OISI  gram; 
the  residue  contained  91*59  per  cent,  of  KBrOa  and  5-60  per 
cent,  of  KBr. 

II.  0*6082  gram  of  KBrOs  was  heated  until  it  lost  0-0142  gram ; 
the  residue  contained  89-22  per  cent,  of  KBrOa  and  8-14  per 
cent,  of  KBr. 

I.  II. 

KBrO,    91-59  89*22 

KBr 5-60  8-14 

Loss 2-66  2-79 


99-85  100-15 

There  can  therefore  be  no  doubt  that  even  when  partially  heated 
no  other  oxy-compounds  are  formed. 

Heating  under  Reduced  Pressure. 
The   non-formation    of    oxy-compounds   in   the    previous    experi- 


$514      COOK:   EFFECT   OF   HEAT   ON  lODATES   AND   BROMATES. 

ments  may,  ifc  was  thought,  be  caused  by  the  decomposition  of  the 
salts  taking  place  under  ordinary  atmospheric  pressure.  Experi- 
ments were  therefore  undertaken  in  order  to  see  if  a  reduction  of 
pressure  caused  any  change  in  the  results  previously  recorded.  For 
this  purpose,  the  stopper  tube  was  connected  to  an  ordinary  exhaust 
pump,  which  was  kept  rapidly  working  during  the  whole  period  of 
the  heating.  The  pressure  of  course  fluctuated  as  the  decomposition 
of  the  salt  varied,  but  by  working  the  pump  rapidly  it  was  found 
possible  to  keep  the  changes  within  20  mm.  The  lowest  pressure 
obtained  was  about  30  mm.  Under  these  conditions  absolutely  no 
difference  could  be  detected  from  what  took  place  when  the  pressure 
was  normal.  Analysis  of  the  residues  thus  produced  also  gave  the 
same  results  as  before,  and  the  decompositions  took  place  at  the  same 
temperatures. 

Decomposition  of  Fotassic  Chlorate. 

It  will  be  noticed  that  the  iodate  loses  0'3  per  cent,  of  iodine  and 
the  bromate  0'08  per  cent,  of  bromine  on  heating.  It  will  also  be 
seen  that  the  iodine  is  given  off  as  soon  as  the  salt  melts,  and  that 
the  evolution  lasts  for  a  short  time  only.  On  the  other  hand,  the 
bromine  is  evolved  during  the  decrepitation  of  the  salt.  In  order  to 
test  the  behaviour  of  the  chlorate  under  similar  conditions,  experi- 
ments were  made  with  that  substance ;  these  showed  very  clearly,  as 
did  the  others,  the  absolute  necessity  of  having  neither  cork  nor 
indiarubber  in  contact  with  the  gas  evolved ;  for  in  the  first  kinds 
of  apparatus  used  no  chlorine  whatever  could  be  obtained.  As  a 
final  result  of  heating  pure  potassium  chlorate  until  it  ceased  to  lose 
weight  it  was  found  that  0  03  per  cent,  of  chlorine  was  evolved.  The 
whole  of  this  was  given  off  during  the  short  time  elapsing  between 
the  first  melting  of  the  salt  and  its  complete  melting.  The  salt  did 
not  decrepitate  like  the  bromate.  Thus  the  chlorate  and  iodate 
behave  similarly  in  this  respect  whilst  the  bromate  differs.  This 
supports  the  explanation  previously  given  of  the  cause  of  the  change 
in  colour  produced  in  the  iodate  on  heating,  because  it  shows  that 
the  evolution  takes  place  simultaneously  with  the  breaking  up  of  the 
physical  structure  of  the  solid,  and  the  reason  why  bromine  is  not 
evolved  at  the  same  time  is  because,  owing  to  the  decrepitation  of  the 
salt,  the  element  can  pass  off  at  an  earlier  stage  than  in  the  other 
cases. 

The  examination  of  other  salts  is  in  progress. 

The  Clifton  Laboratory, 
Bristol. 
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I  RECENTLY  gave  an  account  of  the  magnetic  rotations  of  a  variety  of 
compounds  of  the  kind  referred  to  in  the  title  of  this  paper  (Trans., 
1892,  61,  800),  many  of  which  w^ere  shown  to  exist  at  ordinary 
temperatures  partially  or  entirely  in  the  tautomeric  form,  namely, 
as  unsaturated  hydroxylic  compounds.  Through  the  kindness  ol 
Professor  Claisen  I  have  been  enabled  to  examine  other  substances  of 
this  class  which  he  has  discovered,  and  besides  these,  several  methyl 
and  ethyl  derivatives  of  ethylic  acetoacetate,  the  latter  chiefly  for  the 
purposes  of  comparison.  As  the  results  have  in  several  cases  a  close 
bearing  on  those  recorded  in  the  previous  communication,  the  same 
heading  is  adopted,  this  being  regarded  as  a  second  part  of  the  in- 
vestigation. As  on  the  previous  occasion,  the  experimental  results 
are  placed  at  the  end  of  the  paper. 

Dimethylacetylacetone. 

In  my  previous  paper  I  showed  that  monoketonic  compounds  gave 
normal  magnetic  rotations,  whilst  diketonic  gave  numbers  showing 
them  to  be  either  mixtures  of  ketonic  products  with  their  un- 
saturated hydroxylic  isomers,  or  as  composed  only  of  the  latter ; 
this  was  also  found  to  be  true  of  the  triketonic  compound  diacetyl- 
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acetone.  But  it  was  also  noticed  that  the  introduction  of  alcohol 
radicles  conduced  to  the  ordinary  ketonic  condition,  acetylacetone 
being  a  hydroxy-compound,  whilst  its  methyl-  and  ethylderivatives 
were  found  to  be  mixtures  of  the  ketonic  and  hydroxylic  forms.  It 
was,  therefore,  of  interest  to  see  what  would  be  the  effect  of  a  further 
displacement  of  hydrogen  by  one  of  these  radicles,  and  for  this  purpose, 
the  beautifully  crystalline  dimethylacetylacetone  was  employed.  On 
account  of  the  results  obtained  with  the  first  specimen  used  being  at 
the  time  considered  very  remarkable.  Professor  Claisen  very  kindly 
prepared  a  second  with  special  care,  but  this  also  gave  similar 
numbers,  as  will  be  seen  on  referring  to  the  experimental  results. 
The  following  is  a  comparison  of  the  rotation  of  this  compound  with 
the  calculated  value  of  acetylacetone  as  a  ketonic  compound.  (Trans., 
1892,  61,  814.) 

Mol.  rotation  of  dimethylacetylacetone. .  . .      7"046 
„  acetylacetone  (calc.) 5'553 

2CH3  displacing  2H 1-493 

This  difference  is  remarkably  small,  that  ordinarily  found  for  the 
change  of  composition  =  C2H4  being  2*046,  but,  as  pointed  out  in 
previous  communications,  the  displacement  of  hydrogen  by  methyl 
sometimes  gives  a  larger,  and  at  other  times  a  smaller  alteration  in 
rotation  than  is  required  by  the  change  in  composition.  This  latter 
result  is  especially  noticed  in  the  case  of  malonic  derivatives,  and 
from  the  results  given  in  this  paper  it  is  seen  to  be  also  the  case 
with  acetoacetic  compounds,  thus  : — 

Mol.  rotation.     Ethylic  malonate    7'410i    n-QlfJ 

„  Ethylic  methylmalonatti   ..      8*326  { 

Ethylic  dimethylmalonate  .      9268-^0^ 

2CH3  displacing  2H 1-858 

Mol.  rotation.     Methylic  acetoacetate 5*376 

„  Methylic  dimethylacetoacetate       7*133 

2CH3  displacing  2H. .. .      1*757 

Mol.  rotation.     Ethylic  acetoacetate 6*501 

„  Ethylic  dimethylacetoacetate  . .      8*169 

2CH3  displacing  2H. .  . .      1*668 

The  differences  found  for  the  dimethylated  malonic  and  aceto- 
acetic compounds  do  not  vary  very  greatly;  they  are,  however,  some- 
what larger  than  that  found  in  the  case  of  dimethylacetylacetone. 
Nevertheless  the  differences  are  all  of  the  same  order,  being  less  than 


SUPPOSED   TO   CONTAIN   ACETYL.  817 

is  required  by  the  change  of  composition,  and  this  is  only  what  might 
be  expected,  as  the  methyl  groups  are  all  similarly  related  in  these 
compounds,  thus : — 

COOC2H5-C(CH3)2-COOC2H5  CH3-CO-C(CH3)2COOaH5 

Ethylic  dimethylmalonate.  Ethylic  dimethylacetoacetate. 

CH3-CO-C(CH3)2-CO-CH3 

Dimethylacctylacetone. 

From  the  foregoing,  it  is  seen  that  the  rotation  of  dimethylacctyl- 
acetone is  not  anomalous ;  it  is  also  evident  that  it  is  a  purely  ketonic 
substance,  the  introduction  of  the  second  methyl  into  acetylacetone 
having  entirely  destroyed  the  tendency  to  pass  over  into  the  un- 
saturated hydroxylic  isomer.  The  rotation  of  this  compound  was 
determined  at  temperatures  widely  apart,  namely,  at  19"3  and  92"3' 
but  for  the  73°  difference,  there  was  only  a  variation  of  0*047,  which 
is  not  more  than  might  be  expected  for  change  of  temperature  alone. 

From  the  rotation  of  dimethylacctylacetone,  it  is  probable  that  the 
estimated  values  given  in  my  previous  paper  for  monomethyl-,  and 
monethyl-acetylacetone  in  their  ketonic  conditions  are  a  trifle  too 
high,  and  if  so,  these  substances  at  ordinary  temperatures  contain 
a  somewhat  larger  amount  of  their  hydroxylic  isomers  than  is  there 
stated. 

Allylacetylacetone. 

Having  determined  the  rotation  of  the  monomethyl  and  monethyl 
derivatives  of  actylacetone,  it  was  of  interest  to  examine  a  derivative 
containing  a  different  kind  of  radicle,  and  as  Professor  Claisen  had 
furnished  me  with  a  specimen  of  allylacetylacetone,  it  was  subjected 
to  examination. 

The  rotation  of  allylacetylacetone  as  a  ketonic  compound  may  be 
estimated  in  the  following  manner 

Mol.  rotation  of  acetylacetone  (calc.)    ....      5'553 
Allyl  displacing  H  (as  in  ally  lie 
acetoacetate) 3'881 

9-434 

The  molecular  rotation  found  for  this  substance  is,  however, 
10*697  at  15*75°  or  no  less  than  1*163  in  excess  of  this  calculation. 

Its  rotation  as  an  unsaturated  hydroxylic  compound  may  be  cal- 
culated from  the  corresponding  saturated  compound  which  would  be 
acetylallylisopropyl  alcohol 
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Mol.  rotation  of  acetoisopropyl  alcohol  (Trans., 

1892,  p.  815) 5-777 

Allyl  displacing  H. .  . .      3-881 

9-658 
For  unsaturation 1-112 

10-770 

The  rotation  found  is,  therefore,  only  0-173  lower  than  is  required 
by  the  formula,  CH3-C(OH):C(C3H6)-CO-CH3,  but  no  less  than 
1*163  lower  than  that  required  by  the  formula 

CH3-CO-CH(C3H5)-CO-CH3, 
so  that  evidently  it  principally  consists  of  the  unsaturated  hydroxylic 
compound  at  ordinary  temperature. 

The  magnetic  rotation  was  then  determined  at  a  considerably 
higher  temperature  than  previously,  to  see  if  it  changed  to  any  im- 
portant extent,  like  aoetylacetone  and  its  methyl  and  ethyl  deriva- 
tives. At  95-6°,  it  was  found  to  have  fallen  considerably,  being  then 
only  9-851,  which  is  a  reduction  of  0-746  for  a  rise  of  79-8°  ;  at  this 
temperature,  therefore,  its  i-otation  only  differs  from  that  of  the 
ketonic  form  of  this  substance  by  0-417,  of  which,  therefore,  it  chiefly 
consists. 

As  the  behaviour  of  allylacetylacetone  when  heated  is  similar  to  that 
of  methyl-  and  ethyl-acetylacetone  (Trans.,  1892,  61,  817)  in  respect 
to  rotation,  it  was  of  interest  to  see  whether,  after  heating,  it 
passed  back  to  the  ordinary,  and  principally  hydroxylic  condition, 
quickly,  or  only  after  the  lapse  of  time,  as  was  found  to  be  the  case 
with  the  above  methyl  compound. 

To  investigate  this,  a  quantity  of  allylacetylacetone  was  introduced 
into  a  dilatometer  provided  with  a  second  bulb  near  the  top  of  the 
capillary  tube,  so  that  when  heated  there  would  be  room  for  the 
expanded  liquid.  This  was  heated  to  above  the  top  bulb  about 
twenty  minutes  in  the  vapour  of  amylic  alcohol,  and  then  cooled 
to  15°.  As  soon  as  the  level  of  the  liquid  became  constant  in  the 
capillary  tube,  it  was  registered,  and  then  examined  at  different 
intervals  of  time  by  placing  it  in  water  at  15°,  and  noting  the  posi- 
tion. There  wei-e  considerable  fluctuations  in  the  atmospheric 
temperature  during  the  progress  of  this  experiment,  which,  probably, 
to  some  extent,  affected  the  regularity  of  the  changes  observed.  The 
following  are  the  results  obtained. 

Position  after  Seating  and  Cooling  :=  0-0  mrn.  at  15°. 

Resting  during  22-0  hours —3-5  mm. 

„       50-0      -10-0     „ 

„       71-0      .,    --17-0     „ 

„       93-0      -21-0     „ 
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A  week  after  this,  it  was  constant  at  —25-0  mm.  (the  contraction 
had,  however,  probably  ceased  before  the  expiration  of  this  last  in- 
terval). To  cause  the  product  to  regain  the  same  volume  it  had, 
after  being  heated  and  then  cooled  to  15°,  it  was  necessary  to  raise  its 
temperature  to  1975°;  this  would  correspond  to  a  change  of  density 
of  about  0-0032  judging  from  the  expansions  of  this  substance.  It 
therefore  takes  a  very  considerable  time  to  get  back  again  to  a  state 
of  equilibrium  after  heating. 

The  refractive  power  of  allylacetylacetone  was  also  determined  at 
two  temperatures  widely  apart ;  the  following  are  the  results 


t. 

d     ^ 

AT  —  1 

d 

ajg  —  1 

'          d                ^^ 

«ff  —  1 

d      P- 

13-5° 
99-2° 

66-16 
65-25 

68-87 
67-64 

70-25 
68-83 

71  -53 

69  -94 

Eeduction    owing  to 

rise  of  temp 

For 

85-7° 
100  -0° 

0-91 
1-06 

1-23 
1-44 

1-42 
1-65 

1-59 
1-85 

The  calculated  molecular  refraction  for  the  ketonic  constitution  for 
the  line  A  is  only  63-5,  but  for  the  unsaturated  hydroxy  lie  constitu- 
tion it  is  about  65*8,  only  a  little  lower  than  that  found.  The 
dispersion  equivalent  is  enormous,  being  about  5*37  for  H — A  at  13-5°, 
the  reduction  in  dispersion  caused  by  a  rise  of  temperature  of  85-8° 
above  this,  or  to  99*2°,  is  also  very  considerable,  amounting  to  about 
068.    These  results  corroborate  the  magnetic  rotations. 

Hydracety  lacetone. 

It  has  been  shown  (Trans.,  1892,  813)  that  at  ordinary  tempera- 
tures acetylacetone  has  a  very  high  rotation,  showing  that  it  is  under 
those  conditions  an  unsaturated  compound,  but  that  when  heated  to 
near  the  boiling  point  of  water  the  rotation  is  considerably  reduced, 
and  it  then  consists  of  a  mixture  containing  the  unsaturated  hydr- 
oxylic  and  the  saturated  ketonic  compound.  Since  these  results 
were  published,  Claisen  has  obtained  the  saturated  compound  corre- 
sponding to  the  unsaturated  form  of  acetylacetone,  namely,  hydr- 
acetylacetone,  by  the  condensation  of  acetone  with  aldehyde.  The 
examination  of  this  substance  was  of  considerable  interest,  as  cal- 
culated to  confirm  or  disprove  the  conclusions  previously  arrived  at 
and  referred  to  above.    The  relationship  of  these  products  is  as  follows. 

Hydracetylacetone CH3-CH(OH)-CH2-CO-CH3. 

Acetylacetone  (unsaturated  form).      CH3-C(OH):Cii'CO-CH3. 
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They  therefore  differ  only  by  2H,  and  consequently  the  rotations 
should  vary  to  the  extent  usually  found  to  exist  between  ordinary 
saturated  and  unsaturated  substances. 

Hydracetylacetone  may  be  regarded  as  an  acetylisopropyl  alcohol. 
The  estimated  rotation  of  this  substance  from  this  point  of  view, 
found  from  its  series  constants,  has  already  been  given  (Trans.,  1892, 
61,  815)  as  5-777. 

The  actual  rotation  found  was  5-871,  which  is  only  0'094  higher 
than  this  estimate,  and  there  is  a  possible  explanation  of  this  varia- 
tion, which  will  be  found  further  on. 

On  comparing  the  rotation  of  acetylacetone  in  its  unsaturated  form 
with  this 

Mol.  rotation  of  acetylacetone 7'166 

Hydracetylacetone    ....      5'875 


1-291 


The  average  difference  for  unsaturation  is  1*112,  but  in  some  cases 
it  is  higher,  as  between  ethylic  maleate  and  ethylic  succinate  where 
it  amounts  to  1*245,  but  as  pointed  out  (Trans.,  1892,  61,  816)  it  is 
probable  that  the  rotation  of  acetylacetone  is  a  little  high  from  the 
presence  of  a  small  quantity  of  a  dihydroxy-compound,  which  would 
quite  account  for  this  difference  being  a  little  larger  than  usual ;  but 
be  this  as  it  may,  the  results  are  sufficiently  close  to  confirm  the 
conclusion  that  acetylacetone  at  ordinary  temperatures  practically 
consists  of  the  unsaturated  monhydroxylic  compound 

CH3-C(OH):CH-CO-CH3. 

The  rotation  of  hydracetylacetone  was  determined  at  two  tem- 
peratures widely  apart,  namely  at  14-9°  and  95-1° ;  at  the  latter,  the 
difference  in  the  rotation  was  only  0-040  lower  than  at  the  former, 
an  amount  not  greater  than  would  be  expected  from  change  of  tem- 
perature alone,  and  showing  that  it  does  not  undergo  any  appreciable 
change  of  constitution  under  these  circumstances,  in  this  respect 
behaving  very  differently  from  acetylacetone. 

The  refractive  power  of  hydracetylacetone  was  found  to  be  for 

^^        p  44-16,  the  calculated  number  being  44-20.     The  dispersion 

equivalent  for  H — A  was  2-02,  the  calculated  1-98 ;  these  numbers 
compare  very  well. 

All  the  foregoing  results  show  that  hydracetylacetone  is  a  saturated 
compound,  agreeing  with  the  constitution  CH3'CH(OH)'CH2*CO'CH3, 
such  a  substance  might  take  the  form  CH3-CH(0H)-CH:C(0H)-CH3, 
and  as  the  rotation  found  is  a  trifle  higher  than  the  calculated,  it  is 
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just  possible  it  may  contain  a  very  small  quantity  of  this  isomer, 
which  would  influence  the  rotation  in  this  manner. 

Ethylic  Monocarhoxyethylacetoacetate. 

I  am  indebted  to  Professor  Claisen  for  a  specimen  of  this  substance, 
produced  by  the  action  of  ethylic  chlorocarbonate  (chloroformate)  on 
ethylic  acetoacetate.    B.  p.  133°  (11  mm.). 

This  substance  can  exist  in  two  forms,  thus — 

CHs  CHg 

C-O-COOC^Hs  CO 

CH  CH-COOCjHs 

COOa.Hs  COOC2H5 

These  compounds  are  isomeric  with  ethylic  acetonedicarboxylate, 
and  the  methods  I  employed  to  estimate  the  rotation  of  this  substance 
(Trans.,  1892,  61,  813)  will  apply  in  this  case  also ;  for  the  satu- 
rated compound  it  was  9*44!4  ;  but  for  the  unsaturated  isomer,  1*112 
must  be  added  to  this,  giving  10'556.  The  latter  estimate,  however, 
does  not  take  into  account  the  fact  that  the  latter  substance  is  of  a 
type  different  from  the  saturated  product,  and  unfortunately  no 
analogous  substance  has  yet  been  examined  to  compare  it  with. 
Considering  it  from  the  point  of  view  of  its  being  the  representative 
of  a  carbonate  and  unsaturated  ethereal  salt,  its  rotation  deduced 
from  series  constants  would  be  10"660. 

Determinations  of  the  rotation  were  made  at  two  temperatures, 
and  gave — 

Mol.  rotation  at    15-2°         10-401 
83-4°         10-181 


Diff.  for     68-2°  0-220 

100-0°  0-322 

It  is  seen  from  these  results  that  this  substance  is  not  saturated ; 
the  rotation  at  the  lower  temperature,  however,  is  not  quite  so  high  by 
0*159  as  the  first  estimate  given  for  the  unsaturated  compound.  It  will 
also  be  seen  that  there  is  a  considerable  falling  off  in  the  rotation  as 
the  temperature  increases,  indicating  that  this  causes  it  to  modify  to 
some  extent  and  contain  some  of  the  saturated  isomer,  and  in  fact 
makes  it  probable  that  even  at  15-2°  it  may  contain  a  small  quantity 
of  this  substance ;  this  would  account  for  its  rotation  being  a  little 
lower  than  the  calculated  number. 

Ethylic   ^-ethoxycrotonate. 
This  beautifully  crystalline  substance  was  discovered  by  Freid- 
richs,  who  obtained  it  from  chlorocrotonic  acid :  it  has   also  been 
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prepared  from  ethylic  acetoacetate  by  Claisen,  who  has  been  good 
enougb  to  let  me  have  a  specimen  of  the  product  from  this  sonrce  for 
examination.  It  fuses  at  31°,  and  boils  at  199 — 200".  It  is  isomeric 
with  ethylic  ethylacetoacetate. 

The  magnetic  rotation  was  found  to  be  10'430,  whilst  that  of 
ethylic  ethylacetoacetate  is  only  8'329  (Trans.,  1892,  61,809),  at  once 
.showing  that  it  is  an  unsaturated  compound. 

The  rotation  of  ethoxycrotonate  may  be  estimated  thus 

Mol.    rotation   of    ethylic  hydroxybutyrate 

(calc.  Trans.,  1892,  805)     6-737 
„  ethyl  displacing  H  as  in 

ethyl  oxide 1-997 


Ethylic    ethoxybutyrate     8-734 
For  unsaturation  . .      1-112 


9-846 


By  series  constants 

Ethereal  salt 0-337 

Ethylic  oxide. 0-685 

2/1-022 

0-511 
CH2  X  8 8-184 


Ethylic  ethoxybutyrate    ....      8-695* 
For  unsaturation 1-112 


9-807 

The  magnetic  rotation  of  ethylic  ethoxycrotonate  is  remarkable  on 
account  of  its  being  so  much  higher  than  the  calculated  number, 
the  difference  being  0-623  in  excess.  It  is,  however,  very  interesting 
to  notice  that  this  amount  is  practically  the  same  as  is  found  in  the 
case  of  ethylic  fumarate,  which  is  0-624  higher  than  if  it  were  an 
ordinary  unsaturated  compound  (Trans.,  1888,  55,  593).  The  rota- 
tion of  ethylic  ethoxycrotonate  thus  shows  that  this  substance  is  not 
only  unsaturated  but  that  it  is  also  a  fumaroid,  corresponding  to 
methylic  ^-methoxycoumarate,  thus 

COOC2H5  COOCH3 

CH  CH 

aHsO-C-CHa  CHaO-iJ-CeHs. 

*  Since  writing  tliis  paper,  the  mol.  rotation  of  ethylic  ethoxybutyrate  has  been 
determined  and  found  to  be  8*678. 
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The  refractive   power  of  this  substance  was  also  determined  and 
found  to  be  remarkably  high,  thus 


^A  —  1  /^H  —  ly  Disp.  eqwiv. 

t.  (I      ^'  d      ^'  H  -  A. 

32-4°  71-43  76-40  4-97 


These  numbers  are  considerably  above  those  calculated  for  the 
unsaturated  formula,  the  molecular  refraction  for  A  being  only  G83 ; 
this  is  also  true  of  the  dispersion  equivalent,  which  should  be  only 
3-13  instead  of  4-97. 

Dr.  Gladstone  found  for  ethylic  fumarate  at  7-5°  for  /<A  1-4404, 
and  for /tH  1-4694;  the  molecular  refraction  calculated  from  these 
results  gives 

d     ^  d     ^  Disp.  H  -  A. 

71-13  75-82  4-69 

The  calculated  values  are  only  69-1  for  A  and  3-54  for  H  —  A,  so 
that  these  results  are  closely  analogous  to  those  afforded  by  ethylic 
/3-ethoxycrotonate,  though  the  differences  are  not  quite  so  large. 

Methylic  Acetoacetate,  Methylic  Dimethylacetoacetate,  JEthylic  Dimethyl- 
acetoacetate,  and  Ethylic  Biethylacetoacetate. 

With  respect  to  methylic  acetoacetate  there  is  nothing  special  to 
note  ;  its  rotation  is  1-L25  lower  than  that  of  the  ethylic  salt;  this  is 
very  similar  to  the  difference  existing  between  ethylic  and  methylic 
acetate,  which  is  1-100. 

The  peculiarities  of  the  methylic  and  ethylic  salts  of  dimethylaceto- 
acetic  acid  have  been  already  referred  to  in  connection  with  dimethyl- 
acetoacetone,  it  being  shown  that  the  rotations  they  produce  are 
similar  to  that  of  ethylic  dimethylmalonate. 

Ethylic  diethylacetoacetate  and  also  ethylic  ethylacetoacetate  when 
compared  with  ethylic  acetoacetate,  show  differences  similar  to  those 
found  between  the  corresponding  malonic  compounds,  though  not 
following  in  quite  the  same  order,  thus 

Mol.  rotation  of  ethylic  acetoacetate 6-501  \    -i  .ooo 

„  „       ethylacetoacetate. .       8-329  > 

„  „       diethylacetoacetate     10-115-^    I'T^ 

3-614 

„  „       malonate 7"410t     i-ggo 

„  „       ethylmalonate. .  . .        9-272'! 

„  „       diethylmalonate  . .      11-197^    ^^^ 

3-787 
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The  alteration  in  the  rotation  being  less  than  that  required  by  the 
change  of  composition,  which  for  C4H8  is  4*092 

Acetylacetone  and  Acetic  Anhydride. 

In  my  previous  paper  (Trans.,  1892,  61,  836),  when  referring  to 
the  curious  kind  of  equilibrium  which  exists  between  the  proportions 
of  acetylacetone  in  its  two  conditions,  the  ketonic  and  hydroxylic,  at 
different  temperatures,  it  was  remarked  that  it  would  be  interesting 
to  examine  it  when  mixed  with  another  substance  to  see  if  this  con- 
dition were  disturbed  by  its  presence.  To  test  this,  acetic  anhydride 
was  employed,  molecular  proportions  of  the  two  substances  beiug 
taken,  and  the  following  results  were  obtained. 

Mol.  rotation  of  mixtui-e 11'271 

„  acetic  anhydride 4'284 

„  acetylacetone  in  mixture         6"987 

„  „  unmixed  . .        7*166 

Diff 0-179 

It  is  thus  found  that  acetylacetone  has  a  smaller  rotation  in  this 
mixture  than  it  has  when  alone,  showing  that  the  proportion  of 
the  ketonic  product  present  has  been  increased,  and  therefore  that 
the  presence  of  acetic  anhydride  does  influence  it  in  this  direction ; 
but  the  influence  is  not  very  great,  and  not  sufficient  to  account  for 
the  inactivity  of  the  anhydride  towards  it  when  so  large  a  quantity 
of  the  hydroxylic  isomer  is  still  present. 

Experimental  Results. 

Dimetliylacetylacetone. 

Spec.  1.     Boiling  point,  173 — 174°.     Density. 

<Z  15715°    0-9564.        (^  45745°     0-9381.         d7^°l75°    0-9241. 

fZ20°/20°     0-9529.         d50°ib0"    0-9355.        c?  80780°    0-9222. 

£?25°/25°    0-9497.        tZ55°/55°    0-9329.        cZ  85°/85°     0-9204. 

d 30730°    0-9467.        d  60°  160°    0-9306.        d90°l90°    0-9187. 

d  36°  135°    0-9438.         d  65°  165°    0*9284.        d  95°  195°    0-9172. 

(Z40°/40°    0-9409.        d  70°  170°    0  9263.     dlOO°IWO°    0-9158. 

The  magnetic  rotation  once  determined  (40  readings)  gave 

t.  Sp.  rotation.  Mol.  rotation. 

19-35°  0-9442  7-042 

At  a  higher  temperature  it  gave  (40  readings) 

t.  Sp.  rotation.  Mol.  rotation. 

92-35°  0-9030  6-995 

DifE.  for  73°  =  0-047,  or  for  100°  =  0064. 
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Spec.  2.     Boiling  point,  74—75°  (16  mm.).     Fusing  point,  21°. 
Density — 
d20°/20°     0-9584.         tZ25°/25°     0  9550.         cZ  30°/30°     0'9520. 
Magnetic  rotation  once  determined  (40  readings)  gave 

t.  Sp,  rotation.  Mol.  rotation. 

20-8°  0-9498  7-051 

Average  of  both,  specimens  7-046. 


Allylacetyl  Acetone. 

Boiling 

point,  92°  (16  mm.). 

Density. 

d474° 

0-9851. 

d  35°/35°     0-9643. 

d  70°  170° 

0-9478. 

d  5°/5^ 

0-9843. 

(^40°/40"     0-9637. 

d  75°/75° 

0-9457. 

(210710° 

0-9801. 

(245°/45°     0-9592. 

(Z80°/80° 

0-9436. 

<il5°/15° 

0-9763. 

cZ  50750°     0-9568. 

d  85°/85° 

0-9416. 

tz  20720° 

0-9730. 

cZ55°/55"     0-9544. 

fZ90°/90° 

0-9397. 

cZ  25725° 

0-9699. 

d60°/60°     0-9521. 

(Z95°/95° 

0-9379. 

£Z30°/30° 

0-9670. 

cZ65°/65°     0-9499. 

d  100°/100° 

0-9361. 

Magnetic  rotation  twice  determined  (64  readings)  gave 
t.  Sp.  rotation.  Mol.  rotation. 

15-9°  1-3289  10-597 

Determined  once  at  a  higher  temperature  (48  readings)  it  gave 

t.  Sp.  rotation.  Mol.  rotation. 

95-6°  1-1876  9-851 

DifF.  for  79-7°  =  0-746,  or  for  100°  =  0-936. 

Hydracetylacetone. 

Boiling  point,  77°  (28  mm.).  Density. 

(Z474°         1-0091.         (Z35°/35°    0-9859.  d  70°  170°  0-9640. 

d5°/b°        1-0082.         (Z40°/40°     0-9825.  tZ  75775°  0-9612. 

cZ10°/10°    1-0040.        cZ  45°/45°     0-9793.  cZ  80°/80°  0-9584. 

(Z15°/15°     1-0000.        (Z50°/50°     0-9761.  cZ85°/85°  0-9558. 

ri20°/20°     0-9963.         £Z55°/55°     0-9729.  (2  90790°  0-9532. 

(Z25°/25°     0-9926.         d  60°  160°    0-9699.  cZ  95°/95°  0-9508. 

(Z30°/30°     0-9892.         (Z65°/65°     0-9669.  (Z  100°/100°  0-9484. 

The  magnetic  rotation  twice  determined  (56  readings)  gave 

t.  Sp.  rotation.  Mol.  rotation. 

14-9°  1-0362  5-871 

Once  determined  at  a  higher  temperature  (40  readings)  it  gave 
t.  Sp.  rotation,  Mol.  rotation. 

95-1°  0-9784  5-831 

Diff.  for  80-2°  =  0-040,  or  for  100°  =  O'OSO. 
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Ethylic  Monocarhoxyethylacetoacetate. 

Boiling  point,  133°  (11  mm.).     Density. 

1^474°     1-1079.  (Z 10710°     1-1020.  <Z  15715°  1-0976. 

(i  20720°     1-0933.  fZ25°/25°     1-0899. 

The  magnetic  rotation  twice  determined  (72  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

15-2°  1-0172  10-401 

Once  determined  at  a  higher  temperature  (48  readings)  gave — 

t.  Sp.  rotation.  Mol.  rotation. 

83-4°  0-9614  10-181 

Diff.  for  68-26°  =  0-220  or  for  100°  =  0-322. 

Ethylic  ^-ethoxycrotonate. 

Boiling  point,  199—200''.     Fusing  point,  31°.     Density. 

d30°IS0°     0-9788.        eZ  35°/35°    0-9755        cZ  40°/40°    0-9723. 

The  magnetic  rotation  twice  determined  (88  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

32-6  1-1611  10-430 

Methylic  Acetoacetate. 

Boiling  point,  169 — \l(f  corr.     Density. 

(Z4°/4°     1-0917.  (Z 10710°     1-0855.  (Z  15°/15°     1-0809. 

cZ20°/20°     1-0766.         (Z25°/25°    1*0724. 

Magnetic  rotation  twice  determined  (56  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

15-5°  0-9011  5-376 

Methylic  Dimethylacetoacetate. 

Boiling  point  175 — 175-5°  corr.     It  gave  on  analysis  carbon  58-6 
and   hydrogen  8*6  per  cent.,  the  formula  C7H12O3  requiring  carbon 
58-3  and  hydrogen  8*3  per  cent. 
Density — 

cZ4°/4°    1-0220.         <Z  10710°     1-0160.        cZ15°/15°     1-0118. 
cZ20°/20°     1-0078.  (Z25°/25°     1-0038. 

Magnetic  rotation  twice  determined  (56  readings)  gave 
t.  Sp.  rotation.  Mol.  rotation. 

15-25°  0-9027  7*138 

This  substance  was  again  treated  with  sodium  methylate,  methylic 
alcohol,  and  paethylic  iodide,  it  then  boiled  at  174 — 1743°. 
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Density — 

rZ474°     1-0236.  £?  10710°     1-0182.  cZ  15715°     1-0141. 

£^20720''     1-0100.  (Z  25725°     1-0061. 

Magnetic  rotation  once  determined  (64  readings)  gave 

t.                        Sp.  rotation.                 Mol.  rotation. 
16-5                    0-9026  7-129 

Average  of  both  specimens 7'133 

Ethylic  Dimethylacetoacetate. 

The  specimen  of  this  substance  examined  boiled  at  184*8 — 185°, 
and  gave  on  combustion  carbon  60-?  and  hydrogen  8-92  per  cent.,  the 
formula  CgHuOs  requires  carbon  60-76  and  hydrogen  8-84  per  cent. 

Density — 

d^ir     0-9915.         (i  10710°     0-9857.         tZ  15715°    09813. 
d  20720°     0-9773.         d  26°  125°    0-9736. 

The  magnetic  rotation  three  times  determined  (96  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

17-0°  0-9117  8-169 


Ethylic  Dietliylacetoacetate. 

Boiling  point,  215 — 216°  corr.     Density. 

d474°    0-9832.        (Z10°/10°    0-9782.        cZ  15715°     0-9743. 
d  20720°    0-9708.        (i25°/25°    0-9674. 

Magnetic  rotation  three  times  determined  (96  readings)  gave- 
t.  Sp.  rotation.  Mol.  rotation. 

161°  0-9530  10115 

Refraction  Determinations. 

Allylacetylacetone. 

d  13-5°/4°,  0-97671.  d  99-2°/47  0*89832. 


Line. 

fi. 

K-1 
d 

'-^'- 

13-5°. 

99-2°. 

Diff.  for 

85-7°. 

13-5". 

99-2°. 

Diff.  for 

85-7°. 

13-6°. 

99-2°. 

Diff.  for 

85-7°. 

A. 

1-46156 
1  -46591 
1 -46986 
1  -48046 
1-49009 

1-41868 
I  -42218 
1  -42545 
1  -43399 
1-44166 

0  -04288 
0-04373 
0-04441 
0  -04C47 
0-04843 

0  •47'J56 
0-47703 
0-48107 
0-49192 
0-50178 

0-46606 
0-46997 
0-47301 
0-48311 
0-49166 

0  -00650 
0-00706 
0-00746 
0-00881 
0-01012 

66-16 
06-78 
67-35 
68-87 
70-25 
71-53 

65-25 
65-79 
66-30 
67-64 

68  -83 

69  -94 

0-91 

c 

0*9') 

D 

F 

1  -05 
1  -23 

a 

1  -42 

U  (estitn.)  ... 

1  -59 

Wspersion  H  -  A  at  13-5°  -  5-37  at  99-2 
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Hydracetylaceione. 
f£  8-674°     1-00494 

AL-_i 

Line.  /t  8-6".  d 

A 1-43520  0-43298 

C  1-43783  0-43568 

D  1-44025  0-43809 

F  1-44629  0-44409 

G 1-45130  0-44908 

H(estiin.)..  —            — 

The  dispersion  equivalent  from   the  above  for  H- 
culated  1-98. 

Ethylic  EtTioxycrotonate. 

dS2'4°l4>°    0-97245. 

/x  -  1 

Line.  /i  32-4°.  d 

A 1-43965  0-45210 

C  1-44327  0-45583 

D 1-44709  0-45976 

F  1-45589  0-46881 

G 1-46364  0-47677 

H(estim.)..    —  — 

The  dispersion  equivalent  from  the  above  for  H- 
culated  3-13. 


44-16 
44-44 

44-68 
45-30 
45-81 
46-18 

-A  is  2-02,  caU 


-  1 


-p. 


d 

71-43 

72-02 
72-64 
74-07 
75-33 
76-40 

-A  is  4-97,  cal- 
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d  10710°     1-0182.  d  15715° 

1-0100.  d2^°/2b°     1-0061. 


Density — 
(Z474°     1-0236. 

(Z  20720 

Magnetic  rotation  once  determined  (64  readings)  gave 
t.  Sp.  rotation.  Mol.  rotation. 

16-5                    0-9026  7-129 

Average  of  both  specimens 7-133 


1-0141, 


Ethylic  Dimethylacetoacetate. 

The  specimen  of  this  substance  examined  boiled  at  184-8 — 185°, 
and  gave  on  combustion  carbon  GO"?  and  hydrogen  8"92  per  cent.,  the 
formula  CsHuOa  requires  carbon  60-76  and  hydrogen  8-84  per  cent. 

Density — 

^474°     0-9915.         cZ  10710°     0-9857.  tZ  15715°     09813. 

cZ  20720°     0-9773.  cZ  25725°    0-9736. 

The  magnetic  rotation  three  times  determined  (96  readings)  gave — 
t.  Sp.  rotation.  Mol.  rotation. 

17-0°  0-9117  8-169 

'Ethylic  Diethylacetoacetate. 

Boiling  point,  215 — 216°  corr.     Density. 

d4°/4°    0-9832.        6^10710°     0-9782.        d  15715°     0-9743. 
tZ  20720°    0-9708.        (Z  25725°    0-9674. 

Magnetic  rotation  three  times  determined  (96  readings)  gave— 
t.  Sp.  rotation.  Mol.  rotation. 

161°  0-9530  10-115 


Refraction  Determinations. 

Allylacetylacetone. 

d  13-5°/47  0-97671.  d  99-2°/4°,  0-89832. 


Line. 


A 

C 

D 

F  

G 

H  (egtitn.)  . 


13-50. 


99-2°. 


1-46166  1-41868 

1-46591  I  l-4'i218 

1  -46986  I  1  -42545 

1 -48046  1 -43399 

1-49009  1-44166 


Diff.  for 

85-7°. 


0  -04288 
0-04373 
0-04441 
0-04647 
0  -04843 


M-1 
d 


13-5' 


0  -47256 
0-47703 
0-48107 
0-49192 
0-50178 


99-2^ 


0  -46600 
0  -46997 
0  -47301 
0-48311 
0-49166 


Diff.  for 

85-7°. 


0  -00650 
0  -00706 
0  -00746 
0  -00881 
0-01012 


l^-K 


66-16 
OG-78 
67-35 
68-87 
70-25 
71-53 


99-2°. 


65-25 
65-79 
66-30 
67-64 
68-83 
69-94 


Diff.  for 

85-7°. 


0-91 
0-99 
1-05 
1-23 
1-42 
1-59 


Dispersion  H  -  A  at  13-5^  -  5-37,  at  99-2°  =  4-69. 


VOL.    LXV. 


;;  M 


828  SELL  AND   EASTERFIELD: 

Hydracetylaceione. 
^8-674°     1-00494. 

fi  —  1  M  —  1 

Line.               /*8-6°.                               d  d~^' 

A 1-43520  0-43298  •      44-16 

C  1-43783                  0-43568  44-44 

D 1-44025                  0-43809  44-68 

F   1-44629                  0-44409  .    45-30 

G 1-45130                  0-44908  45-81 

H(estim.)..          —                            —  46-18 
The  dispersion  equivalent  from   the  above  for  H — A  is  2'02,  cal- 
culated 1-98. 

Ethylic  Ethoxycrotonate. 
^     rZ  32-474°     0-97245. 

Line.              ^32-4°.                              d  cT"^' 

A 1-43965       0-45210  71-43 

C  1-44327       0-45583  72-02 

D 1-44709       0-45976  72-64 

F  1-45589       0-46881  74-07 

G 1-46364       0-47677  75-33 

H(estim.)..    —            —  76-40 

The  dispersion  equivalent  from  the  above  for  H — A  is  497,  cal- 
culated 3-13. 


LXIV. — Studies  on  Citrazinic  Acid.     Part  III. 
Bj  W.  J.  Sell,  F.I.C,  M.A.,  and  T.  H.  Eastebfield,  M.A.,  Ph.D. 

Reduction  of  "  Qicinhi/droJcetopyridine." 

In  a  former  paper  (Trans.,  1893,  63,  1047)  it  was  shown  that  the 

action  of  dilute  sulphuric  acid  on  isonitrosocitrazinic  acid  gives  rise 

to  a  sparingly  soluble,  blue  substance,  exhibiting  metallic  lustre,  and 

that  the  compound  probably  has  the  constitution 

CH 

^\ 
HC       CO, 

HOC      CO 
^/ 

The  name  quinhydroketopyridine  was  given  to  this  a/3-diketo-a'- 
hydroxypyridine,  on  account  of  the  remarkable  resemblance  which 
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the  substance  exhibits  to  ordinary  quinhydrone.  When  oxidised,  it 
passes  into  a  substance  resembling  ordinary  quinone;  and  as  the 
oxidation  involves  the  loss  of  only  one  hydrogen  atom,  it  is  probable 
that  two  molecules  are  simultaneously  oxidised,  becoming  linked  up 
in  the  following  manner. 

CH        CH 

OC   CH    HC   CO  . 

OC   CO OC   CO 

\^  %/ 

N         N 

The  quinhydroketo-compound  can  be  reduced  by  hydriodic  acid, 
but  the  products  differ  according  to  the  conditions  maintained.  The 
cold  fuming  acid  gradually  changes  the  blue  substance  into  a  colour- 
less compound  of  the  formula  CioHioN,(07,2HI,  which,  when  mixed 
with  water,  loses  hydrogen  iodide  aad  yields  pale  yellow  needles, 
whose  formula  is  CioH8N206,H20,  and  to  which  we  provisionally 
assign  the  constitution 

CH  CH        ■  CH  CH 

^\  /\  //\  /% 

HC       CO OC       CH  HC       COH    HOC       CH 

I        II                 II        I           or          T        II  II        I 

HOC      COH  HOC       COH         HOC      CO OC       COH 

^/  \/  %/  \// 

N  N  :n"  N 

Hydroquinoketopyridine. 

An  attempt  to  convert  this  substance  into  a  trioxypyridine  was 
unsuccessful. 

It  will  be  noticed  that  the  proposed  formulas  ai-e  related  to  one 
another  in  a  manner  the  reverse  of  that  which  is  generally  assumed 
to  hold  in  the  case  of  quinone  and  its  hydrogenised  derivatives ;  thus 
we  have 

Quinone.  Quinliydrone.  Hydroquinone. 

Single  molecule  Double  Single 

Quinoketopyridine.         Quinhydroketopyridine.     Hydroquinoketopyridine. 
Double  Single  Double 

Whilst  putting  forward  the  formulae  which  most  readily  explain 
the  actions  under  consideration,  the  authors  recognise  that  the 
<)xperimental  result  next  to  be  described  points  to  the  probability 
that  the  quinhydroketo-derivative  is  itself  a  double  molecule.  In 
Part  I  of  the  present  investigations  it  was  represented  as  double, 
owing  to  an  en*or  of  transcription. 

Results  different  from  the  above  are  obtained  if  the  quinhydro- 
<iompound   is   boiled  with   hydriodic   acid  and  a  small  quantity  of 

3  M  2 
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phosphorus  until  the  dark  colour  of  the  solution  changes  to  a  light 
brown.  On  cooling,  the  liquid  deposits  colourless  crystals  of  a  tetra- 
basic,  fatty  acid,  CioHuO^.     The  action  may  be  thus  represented. 

CH 

„     HC     CO        ,,,       „^^       C00H-CH(CH2),-C00H       „^^^ 
2  I      I       -f  8H  +  2H2O  =  I     ^       ^  4-  2I^H,. 

HOC     CO  COOH-CH(CH2)2-COOH  ^  ' 

The  substance  is  thus  to  be  regarded  as  aa-diglutaric  acid  ;  in 
support  of  this  view  the  fact  may  be  mentioned  that,  when  melted,  it 
immediately  loses  water  and  is  converted  into  an  anhydro-acid. 

HydroquinoJcetopyridine,  C loHsNgOejHgO . 

The  hydriodide  of  this  compound  was  prepared  by  covering  the 
dark  blue  "  quinhydro  "-compound  with  fuming  hydriodic  acid  and 
allowing  the  mixture  to  stand  24  hours.  The  yellow  crystals  thus 
formed  were  collected  in  a  platinum  cone,  and,  after  being  twice 
recrystallised  from  strong  hydriodic  acid,  were  practically  colourless. 
When  dried  in  a  vacuum  on  a  porous  plate  over  solid  potash,  they 
yielded  the  following  numbers  on  analysis. 

Calc.  for  CioH8T^206,E20,2HI . .      C  =  22-81 ;  H  =  2-28  ;  I  =  48-28. 

Found C  =  22-92 ;  H  =  2-56 ;  I  =  48-05. 

„       23-11     „       2-32     „      48-34. 

The  salt  is  hygroscopic,  and  is  decomposed  by  water.  If  the  solu- 
tion of  the  substance  in  hydi'iodic  acid  is  diluted  with  water,  the  base 
is  precipitated  in  groups  of  yellowish-white  needles,  which,  when 
exposed  to  the  air,  rapidly  become  red,  and,  when  shaken  with  water 
or  alkalis,  yield  a  bright  blue  solution.  Two  specimens  were  washed 
with  alcohol  to  remove  the  last  traces  of  hydrogen  iodide,  and  were 
then  analysed. 

Calc.  for  CioHsN'zOe.HaO     C=44-44;  H=3-70;  N=10-37;  Ho.O  =  6-6. 

Found C=44-49;  H=3-62;  ^=10-28;  HoO=6-09. 

„     44-11    „     3-91 

oca'-Diglutaric  acid. 

This  compound  was  prepared  by  boiling  2  grams  of  the  quinhydro- 
compound  v^'ith  20  c.c.  of  hydriodic  acid  and  a  little  ordinary  phos- 
phorus until  the  solution  became  pale  brown.  The  acid,  which 
separated  as  the  solution  cooled,  was  recrystallised  from  hot  water, 
with  animal  charcoal.  It  was  thus  obtained  in  colourless  prisms, 
sparingly  soluble  in  alcohol,  ether,  acetic  acid,  benzene,  phenol,  and 
cold  water.     Analysis. 


J 
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Calculated  for  doHi.Os C  =  45-04 ;  H  =  5-34 

Found C  =  45-12 ;  H  =  5-33 

44-96     „        5-14 

The  yield  was  60 — 70  per  cent,  of  the  quinhydro-compound  taken. 

When  quickly  heated,  the  acid  melts,  and  effervesces  at  215 — 218° 
(anhydride  formation). 

The  silver  salt,  CioHioAg408,  is  an  amorphous,  insoluble,  -white 
powder,  prepared  by  adding  excess  of  silver  nitrate  to  a  neutralised 
solution  of  the  acid. 

Calc.  for  CoHioAgiOs ....      C  =  17-39  ;  H  =  145 ;  Ag  =  62-60 
Found 0  =  17-25 ;  H  =  1-58 ;  Ag  =  62*13 

Anhydrodiglutaric  acid. 

When  diglutaric  acid  is  heated  at  160°,  no  loss  of  weight  occurs, 
even  though  the  experiment  be  performed  in  a  vacuum.  If  the  tem- 
perature is  raised  to  200°,  however,  the  acid  melts  after  the  lapse  of 
a  few  minutes,  and  an  effervescence  is  noticeable.  The  loss  of  weight 
accompanying  the  change  was  found  to  be  7-1  per  cent.,  the  theoreti- 
cal loss  during  the  formation  of  the  anhydro-acid  being  6-87  per  cent. 
The  gummy  residue,  dissolved  in  hot  anhydrous  acetone,  was  pre- 
cipitated, on  adding  benzene,  as  a  white  powder,  melting  at  130 — 135°. 
The  preparation  was  probably  not  quite  pure,  but  analysis  of  the 
small  available  quantity  of  material  indicated  plainly  that  the  com- 
pound was  the  anhydro-acid. 

Calculated  for  C.oHioO, C  =  49-18 ;  H  =  4-91 

Found C  =  48-60 ;  H  =  4-90 

Nitration  of  Citrazinic  acid. 

It  has  been  already  pointed  out  by  the  authors  (Trans.,  1893,  63, 
1051)  that  citrazinic  acid  is  easily  acted  on  by  both  nitric  and  fuming 
sulphuric  acids,  and  a  short  account  of  the  products  is  appended. 
Marckwald  (Ber.,  26,  2187  ;  27, 1317)  has  recently  shown  that  amido- 
nicotinic  acid  may  be  nitrated  without  difl&culty,  and  that  the  nitro- 
group  can  be  readily  reduced.  It  seems  probable  that  Avhen  once  the 
highly  basic  character  of  pyridine  is  subdued,  by  the  introduction  of 
strongly  negative  radicles,  chlorination,  nitration,  and  sulphonation 
can  be  effected  with  a  readiness  which  recalls  the  case  of  the  sulphonic 
derivatives  of  benzene. 

Citrazinic  acid  dissolves  in  cold  concentrated  nitric  acid,  the  action 
being  accompanied  by  rise  of  temperature  and  evolution  of  gas.  If 
the  temperature  is  kept  below  10°  for  several  hours  the  solution 
gradually  becomes  bright  yellow,  and  sets  to  a  mass  of  crystals,  some 
of  which  are  nearly  colourless  rhombohedra,  and  may  be  regarded  as 
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nitrodihydi'oxydiketopyridine.  The  remainder  of  the  crystals  are 
bright  yellow  needles,  and  appear  to  be  dinitrocitrazinic  acid.  The 
production,  in  the  same  interaction,  of  nearly  equal  quantities  of  two 
such  differently  constituted  compounds  points  more  conclusively  to 
tautomeric  behaviour  on  the  part  of  citrazinic  acid  than  any  interac- 
tion of  that  substance  hitherto  described. 

COH 

/\ 
.,.       NOa-C       CO 
Nitrodihydroxydiketopyndtne,     „„  '         '  ^• 

%/ 

10  grams  of  citrazinic  acid  are  added,  in  small  portions  at  a  time, 
to  30  c.c.  of  1*42  nitric  acid,  the  temperature  being  kept  down  by  a 
freezing  mixture.  When  complete  dissolution  has  been  effected,  the 
vessel  containing  the  liquid  is  suri'ounded  with  ice-cold  water  and  left 
for  24  hours.  The  crystals  which  separate  are  drained,  dried  on  a 
porous  plate,  and  then  washed  with  ether  until  the  ethereal  wa.shings 
are  only  faintly  yellow.  The  residue,  which  is  nearly  insoluble  in 
ether,  is  dissolved  in  luke-warm  water  and  thrown  down  by  means  of 
concentrated  hydrochloric  acid,  in  which  it  is  very  sparingly  soluble. 
By  a  second  crystallisation,  the  substance  can  be  obtained  in  almost 
colourless  rhombohedra,  which  decompose  explosively  at  temperatures 
above  200°,  and  whose  analysis  supports  the  formula  C5H2No06,3H20. 

Calculated  ....  C  =  25-00 ;  H  =  3-33 ;  N  =  11-45 ;  H^O  =  22-50 
Found C  =  2501 ;  H  =  3-45 ;  N  =  11-54 ;  H2O  =  22-51 

The  substance  can  be  conveniently  recrystallised  from  glacial 
acetic  acid.  It  is  a  strongly  dibasic  acid.  The  yield  is  about  25  per 
cent,  of  the  citrazinic  acid  used. 

The  monostlver  salt,  C5HAgN'206,H20,  prepared  by  adding  silver 
nitrate  to  an  aqueous  solution  of  the  substance,  forms  lemon-yellow 
scales,  which  can  be  recrystallised  from  hot  water. 

Theory.  H2O  =  5-78;  Ag  =  34-72;  ]N'  =  9-00;  C  =  19-29;  H  =  0-96. 
Found. .      H2O  =  5-94;  Ag  =  34-82;  N  =  8-96;  C  =  19-38;  H  =  1-14. 

The  disilver  salt,  CtAgJ^^Oe,  prepared  by  adding  a  hot  solution  of 
silver  acetate  to  a  neutralised  solution  of  the  substance,  is  a  dark 
yellow,  crystalline,  explosive  powder.  Ag  calculated  =  54-00.  Found, 
54-31. 

The  monosodium  salt,  C5HNaN206,3H20,  is  highly  characteristic,  on 
account  of  its  sparing  solubility  in  cold  water.  It  is  readily  prepared 
by  adding  a  solution  of  sodium  chloride  to  a  solution  of  the  acid. 
It  recrystallises  from  water  in  beautiful,  long,  colourless  needles. 
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Calculated Na  =  877 ;  Ho.O  =  20-60 

Pound Na  =  8-92 ;  H2O  =  20-34 

The  corresponding  acid  potassium  salt,  C5HKN206,3H20,  was  pre- 
pared by  adding  the  theoretical  quantity  of  caustic  potash  to  a  strong 
aqueous  solution  of  the  substance. 

Calculated K  =  14-03  ;  HoO  =  15-82 

Found K  =  13-71 ;  H2O  =  15-89 

COH 

^\ 
.,.      NHa-C       CO 

Amidodzhydroxydiketopyridinef    Trnn       net' 

%/ 

When  the  above-mentioned  nitro-compound  was  dissolved  iu  water, 
and  acetic  acid  and  zinc  dust  added,  a  dark  blue  precipitate  at  once 
formed,  and  a  considerable  rise  of  temperature  took  place.  The  pre- 
cipitate, after  being  well  waslied  with  cold  water,  was  suspended  in 
boiling  water  and  a  few  drops  of  bydrochloric  acid  added,  whereby 
an  amber-coloured  solution  was  obtained.  On  cooling  the  solution, 
yellow  rbombohedra  separated ;  these  were  recrystallised  from  dilute 
hydrochloric  acid  and  analysed,  with  the  following  result, 

Calc.  for  C5H4N204,2H20  C=3l-2;  H=4-16;  N=14-58;  H2O  =  18-80. 
Found C=30-8;  H=4-23;  N= 14-30 ;  H20  =  18-94. 

The  yield  was  60  per  cent,  of  the  nitro-compound  used. 

The  amido-compound  is  a  feeble  acid,  and  dissolves  in  alkalis, 
affording  an  intensely  purple  liquid,  the  colour  of  which  is  discharged 
by  mineral  acids,  but  not  completely  by  acetic  acid.  When  crystal- 
lised from  a  mixture  of  equal  parts  of  hydrochloric  acid  and  water,  it 
is  practically  free  from  chlorine, 

COOH 
I 
0 

-^\ 

Lhnitrocitrazinic  acid,  l^O^'G      C'N'Oj 

HOC      COH  * 
^/ 

The  ethereal  extract  from  the  crude  nitration  product  was  evapo- 
rated to  dryness,  the  residue  dissolved  in  water,  and  precipitated  with 
hydrochloric  acid ;  bright  yellow  needles  separated,  which  were 
recrystallised  from  glacial  acetic  acid  and  analysed. 

Calc.  for  C6H3N30„2H20  C=25-62 ;  H=2-49 ;  N=14-9  ;  H20=12-8. 
Found C=25-93;  H=2-67;  ^=14-7;  H20  =  13-2, 
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The  substance  explodes  when  heated  to  115 — 120°.  It  is  exces- 
sively soluble  in  water,  alcohol,  ethylic  acetate,  and  hot  acetic  acid. 
In  hydrochloric  acid,  benzene,  and  light  petroleum  it  is  very  sparingly 
soluble.  It  gives  a  sparingly  soluble  ammonium  salt.  The  yield  is 
about  25  per  cent. 

Sulphonation  of  Gitrazinic  acid. 

1  gram  of  citrazinic  acid  was  dissolved  in  5  c.c.  of  fuming  sulph- 
uric acid  and  the  temperature  maintained  at  1 10 — 120°  for  15 
minutes.  The  liquid  set  to  a  crystalline  mass  when  cooled,  and  the 
crystals,  after  being  freed  from  excess  of  sulphuric  acid,  were  found 
to  be  very  readily  soluble  in  water.  When  the  acid  liquid  thus  pro- 
duced was  neutralised  with  caustic  soda,  a  sparingly  soluble  sodium 
salt  separated.  This,  after  being  twice  recrystallised  from  hot  water, 
was  obtained  in  the  form  of  snow-white  needles.  Analysis  indicates 
that  the  substance  has  the  formula  CioNa6S3N20i6,10H20. 

Calculated  ..      C  =  14-6;  Na=16-86;  8  =  117;  N=:J-4;    H2O=22-0. 

Found C  =  14-4;  N'a=17-0;    S  =  ll-5  ;  N"=3-68;  H20  =  22-l. 

„     14-2      „      17-3      „     12-2  -        „       22-6. 

The  two  series  of  analyses  were  made  with  different  preparations. 

A  corresponding  potassium  salt  was  prepared;  when  dried  at  150° 
it  gave  K  =  32-20.     Calculated  =  31-88. 

•  A  silver  salt,  prepared  from  the  sodium  salt,  contained  56-87  per 
cent.  Ag.     Calculated  =  56-44. 

The  action  of  chlorosulphonic  acid  on  citrazinic  acid  is  similar  to 
that  of  fuming  sulphuric  acid,  and  the  above-mentioned  sodium  salt 
is  easily  obtained  from  the  products. 

The  authors  are  engaged  in  fiirther  expeinments  with  the  some- 
what remarkable  compounds  mentioned  in  this  paper ;  they  desire, 
in  conclusion,  to  express  their  thanks  to  Mr.  George  Dixon,  B.A.,  of 
Trinity  College,  for  help  in  the  analytical  portion  of  the  work. 

University  Laboratory, 
Cambridge. 


LXV. — Azo- Compounds  of  the  Ortho-Series. 

Part  III. 

By  Raphael  Meldola,  F.R.S.,  and  Edgar  S.  Hanes. 

The  objects  of  the  present  investigation  have  already  been  set  forth 
in  the  first  part,  published  last  year  (Trans.,  1893,  63,  923).  In 
presenting  the  results  of  further  experiments,  we  may  again  call 
attention  to  the  fact  that  the  solution  of  the  problem  of  the  constitu- 
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tion  of  tlie  derivatives  of  orthoazo-compounds  containing  alkyl  or 
acid  radicles  does  not  necessarily  mean  the  determination  of  the  con- 
stitution of  the  original  iinsubstitnted  azo-compounds.  The  process 
of  introducing  the  alkyl  or  acid  radicle  may  in  fact  be  accompanied 
by  desraotropic  transformation,  as  has  been  fully  recognised  in  the 
paper  referred  to.  But  although  the  method  of  alkylation  or  the 
examination  of  the  products  of  reduction  of  the  derivatives  contain- 
ing acid  radicles  cannot  give  a  final  solution  of  the  problem  of  the 
structure  of  the  original  compound,  the  investigation  by  no  means 
loses  in  importance,  because  the  method  may  lead,  and,  as  will  be 
seen  subsequently,  has  led  to  very  definite  conclusions  with  respect 
to  the  constitution  of  the  substituted  azo-compounds.  The  position 
in  the  molecule  of  the  alkyl  or  acid  radicle  is  determinable  theoreti- 
cally by  the  method  employed,  and  although  the  experimental  verifi- 
cation of  the  azo-  or  hydi^azone-formula  has  remained  ambiguous  in 
the  case  of  the  derivatives  containing  acid  radicles,  the  alkyl  deriva- 
tives have  now  been  shown  definitely  to  possess  the  true  ''  azo  " 
constitution.  The  proof  in  the  case  of  the  ethyl  derivative  of  ben- 
zeneazo-iS-naphthol  was  furnished  some  time  ago  by  one  of  us  and 
G.  T.  Morgan  (Trans.,  1889,  55,  608).  The  proof  in  the  case  of  the 
isomeric  "  hydrazone  "  of /3-naphthaquinone  is  given  in  the  present 
paper. 

Before  describing  the  experimental  results,  we  may  summarise  the 
methods  of  attack  employed  under  the  three  headings  of  (1)  reduc- 
tion, (2)  nitration,  and  (3)  bromination.  The  first  of  these  in  the  case 
of  azo-compounds  containing  acid  radicles  gives  ambiguous  results, 
for  the  reason  set  forth  in  the  former  papers.  Even  when  complete 
reduction  does  not  take  place,  but  a  "  benzidine  "  or  "  semi-benzi- 
dine  "  transformation,  the  results  would  in  all  probability  be  equally 
anibiguous,  because  of  the  possible  transference  of  the  acid  radicle 
from  the  oxygen  to  the  nitrogen  atom  (Trans.,  1893,  63,  932).  In 
the  case  of  azo-compounds  containing  alkyl  radicles,  the  method  of 
reduction  might  be  expected  to  give  'definite  evidence  of  the  consti- 
tution of  such  alkyl  derivatives,  either  directly  by  complete  separa- 
tion of  the  molecule  into  two  portions,  or  indirectly  through  the 
formation  of  a  base  of  the  benzidine  or  diphenylamine  type.  The 
ethyl  derivative  of  benzeneazo-/3-naphthol  has  already  furnished 
some  evidence  in  this  direction  (Trans.,  1889,  55,  605).*     The  ethyl 

*  The  evidence  in  favour  of  the  presence  of  two  amido-groups  in  the  base 
described  in  the  paper  referred  to  is  now  rendei'ed  inconclusive  by  tlie  discovery  of 
the  "  semi-benzidine  "  transformation.  Supposing  this  change  to  have  occurred 
instead  of  the  "  benzidine  "  transformation,  the  formula  would  be 

CgH5-NH-CioH5<:^QQ  g-  , 
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derivative  of  the  so-called  "hydrazone"  of  yS-naphthaquinone  gives 
no  trace  of  ethylaniline  on  reduction  (Noelting  and  Grandmougin, 
Ber.,  1891,  1593),  and  this,  as  far  as  negative  evidence  goes,  favours 
the  azo-formula.* 

The  second  metliod  (nitration)  gives  very  decisive  information  in 
the  case  of  the  alkyl  derivatives  of  the  azo-naphthols.  This  method 
has  failed,  however,  in  the  case  of  the  alkyl  derivatives  of  azo-para- 
cresol,  and  in  both  series  ■when  an  acid  radicle  is  present,  nitric  acid 
fails  to  give  the  required  information,  for  reasons  explained  in  the 
experimental  part  of  this  paper. 

The  third  method  (bromination)  has  proved  to  be  inapplicable  to 
the  oxyazo-compounds,  but  it  seemed  to  us  desirable  to  try  this 
method  in  view  of  the  readiness  with  which  benzeneazo-/3-naphthyl- 
amine  is  resolved  into  dibromonaphthy  lamine  by  the  action  of  bromine 
(Lawson,  Ber.,  1886,  2424).  As  will  be  seen  subsequently,  we  have 
thus  far  succeeded  only  in  producing  bromo-derivatives  of  the  azo- 
compounds  (see  also  note  by  Meldola  and  Southerden,  Proc,  1894, 
118). 

Reduction  of  the  Acetyl  Derivative  of  fi-Naphtlialeneazo- P-Naphthol  with 
Zinc  Dust  and  Acetic  acid.f 

A  supply  of  ^-naphthaJeneazo-/3-naphthol  was  kindly  prepared  for 
us  by  Messrs.  Read  HoUiday  and  Sons  (Limited),  of  Huddersfield. 
After  purification  by  successive  crystallisations  from  glacial  acetic 
acid,  benzene,  and  alcohol,  the  melting  point  was  178 — 179°  (]N"ietzki 
and  Goll  give  176°,  Ber.,  1886,  1282).  The  acetyl  derivative  was 
prepared  by  boiling  the  compound  for  12  hours  with  dry  sodium 
acetate  and  acetic  anhydride.  The  pure  substance  obtained  by  suc- 
cessive crystallisations  from  alcohol  and  benzene  consists  of  light, 
reddish-brown,  rhombohedral  tablets.  The  melting  point  is  117°. 
Analysis  proved  that  the  acetylation  was  complete. 

0-1531  gave  0-4351  CO2  and  0-0680  H2O.     C  =  77-53  ;  H  =  4-89. 
0-1591  "  „      11-8  c.c.  moist  nitrogen  at  23°  and  758-2  mm.  :N'  =  8-33. 
CioHi-N^-CioHe-OaHsO  (or  tautomeride)   requires  C  =  77-64;  H  = 
4-71 ;  N  =  8-23  per  cent. 

and  the  azo-|3-naplithol  would  be  C6H5-NH-CioH5<Jj2;CioH6-OH    ^j^^  j^^j.  ^^j^^_ 

UO21I5 
pound  has  practically  the  same  percentage  composition  as  the  disazo-compound 
described  in  the  paper,  so  that  the  analytical  results  taken  by  themselves  do  not 
decide  the  constitution.     A  further  investigation  of  the  base  is  necessary. — R.  M. 

*  Dr.  Noelting  has  since  informed  me  that  he  has  obtained  the  ethyl  ether  of 
/3-amido-o-naplithol  by  the  reduction  of  this  compound,  so  that  the  evidence  for 
the  azo-formula  is  now  complete. — E.  M. 

t  This  portion  of  the  work  was  carried  out  in  conjunction  with  Mr.  F. 
Southerden. 
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Reduction  was  effected  in  alcoholic  solution  with  zinc  dust  and 
acetic  acid  in  the  usual  way.  The  alcoholic  filtrate  becomes  of  a  deep 
blue-violet  on  standing,  owing  to  the  formation  of  some  colouring- 
matter  by  oxidation  of  the  bases  present.  After  removal  of  the 
alcohol,  the  crystalline  pulp  deposited  was  extracted  with  dilute 
caustic  soda,  and  gave  on  acidifying  a  precipitate  of  crude  acetamido- 
/3-naphthol,  which  was  purified  and  identified  by  its  melting  point. 
The  portion  insoluble  in  alkali  on  boiling  with  water  and  filtering 
gave  a  crystalline  deposit  of  needles,  m.p.  132°,  identified  as  /3-acet- 
naphthalide. 

0"1814  gave  123  c.c.  moist  nitrogen  at  22'5°and  758*3  mm.  N  =  7"65. 
CioHT-N'H'CsHaO  requires  N  =  7 '56  per  cent. 

The  portion  insoluble  in  hot  water  consisted  of  a  resinous  mass 
with  a  bronzy  lustre,  and  contained  a  colouring  matter  dissolving  in 
alcoholic  hydrochloric  acid  with  a  deep  violet  colour.  On  adding 
ammonia,  the  colour-base  was  precipitated  as  a  reddish-brown  powder, 
but  the  quantity  Avas  too  small  for  examination.  After  removing  this 
substance  by  filtration,  the  alcoholic  filtrate  on  dilution  with  water 
deposited  scaly  crystals  of  ^-naphthylamine,  m.  p.  112°.  The  actual 
results  obtained  were — 

10  grams  acetyl  derivative  reduced  gave — 

7*2    grams    insoluble    in    alkali,    consisting    of   acetnaphthalide, 

^-naphthylamine,    and   trace    of    colouring   matter    (secondary 

product). 
0"3  gram   soluble    in   alkali  =  3    per   cent,    of   crude   acetamido- 

/3-naphthol. 

Thege  results  confirm  those  formerly  obtained  with  the  acetyl  deri- 
vatives of  other  orthoazo-compounds  of  the  naphthalene  series.  We 
consider  further  work  in  this  direction  unnecessary,  and  it  must  be 
taken  as  proved  that  acetamido-/3-naphthol  is  one  of  the  normal  pro- 
ducts of  reduction. 

cc-Naphthaleneazo-jS-NaphtJiol. 

This  compound  was  prepared  by  adding  a  solution  of  diazotised 
a-naphthylamine  hydrochloride  to  the  calculated  quantity  of  /3-naph- 
thol  dissolved  in  alkali  and  then  thrown  out  by  acid  so  as  to  obtain 
an  emulsion.  Combination  does  not  occur  in  the  acid  solution,  but 
on  slowly  adding  dilute  ammonia  and  agitating,  the  coloured  azo- 
compound  is  completely  formed  in  the  course  of  a  few  hours.  The 
product,  when  purified  by  successive  crystallisations  from  glacial 
acetic  acid,  consisted  of  beautiful  flat  needles,  garnet-i-ed  by  trans- 
mitted light,  and  having  a  brilliant  metallic  green  lustre. 
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0-1253  gave  0-3719  CO^  and  0-0549  H2O.     C  =  80-92;  H  =  4-86. 
0-1453  gave  ll'G  c.c.  moist  nitrogen  at  17-9°  and  761-5  mm.  N  =  9-61. 
CioHv-Ns'CioHs-OH  (or  taiitomeride)  requires  C  =  80-54;  H  =  4*69; 
]^  =  9-39  per  cent. 

The  compound  has  a  melting  point  of  229 — 230°.  It  is  but  very 
sparingly  soluble  in  alcohol,  more  readily  in  glacial  acetic  acid,  ben- 
zene, and  toluene.  All  its  solutions  are  red.  Strong  sulphuric  acid 
dissolves  it  with  a  deep  blue  colour,  becoming  red  on  dilution.  This 
azo-componnd  acetylates  with  great  difficulty :  after  boiling  for  12 
hours  with  acetic  anhydride  and  anhydrous  sodium  acetate,  the 
acetylation  was  incomplete.  Owing  to  this  circumstance,  and  to 
the  extreme  insolubility  of  the  product  in  alcohol,  the  reduction  was 
not  studied.  The  crude  acetyl  derivative  crystallises  from  benzene 
in  long,  flat,  hexagonal  plates  of  a  deep  brown  colour,  and  having  a 
melting  point  of  about  119°. 

Metanitrohenzeneazo-paracresol. 

This  compound  was  prepared  in  the  usual  way  by  combining  meta- 
nitrodiazobenzene  chloride  with  paracresol  in  alkaline  solution,  Oui- 
object  in  preparing  it  was  to  ascertain  whether  the  nitro-group 
would  facilitate  the  fission*  of  the  compound  by  bromine,  nitric  acid, 
&c.  The  substance  was  purified  by  crystallisation  from  glacial  acetic 
acid,  and  finally  from  benzene.  It  forms  long,  flat,  brown  needles 
melting  at  160 — 161°  ;  the  solution  in  alcoholic  soda  is  claret  coloured, 
in  benzene  orange,  and  in  strong  sulphuric  acid  brick-red,  becoming 
orange  on  dilution. 

0-1824  gave  25-5  c.c.  moist  nitrogen  at  18°  and  766-5  mm.   I*^  =  16*26. 
N02-C6H4-N2-C6H3(CH3)-OH  requires  N  =  16-34  per  cent. 

The  acetyl  derivative  was  prepared  by  boiling  the  compound  for 
six  hours  with  acetic  anhydride  and  dry  sodium  acetate.  After  suc- 
cessive crystallisations  from  alcohol  and  benzene,  it  consisted  of 
orange,  prismatic  crystals  with  glistening  facets,  having  a  melting 
point  of  143—144°. 

0-1611  gave  19-9  c.c.  moist  nitrogen  at  21-5"  and  766*8  mm.  N  =  14-13. 
N02-C6H4-]S'2-C6H3(CH3)-OC2H30  (ortautomeride)  requires  N"  =  14-04 
per  cent. 

*  Some  convenient  expression  analogous  to  the  German  "Spaltung"  seems  to 
be  desirable  in  order  to  indicate  the  splitting  up  of  a  molecule  into  two  portions 
under  the  influence  of  such  reagents  as  bromine,  nitric  acid,  nascent  hydrogen,  &c. 
I  propose  therefore  to  adopt  the  word  "fission"  from  Biology  to  indicate  this 
process,  restricting  its  application  to  cases  where  the  molecule  undergoes  separa- 
tion into  two  or  more  definite  organic  products,  so  as  to  exclude  ordinary  cases  of 
substitution  or  "condensation." — R.  M. 
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The  ethyl  etlier  was  prepared  by  digesting  the  azo-compound  iu 
alcohol  with  the  calculated  quantities  of  sodium  hydroxide  and  ethyl 
iodide.  After  purification  by  crystallisation  from  alcohol  and  benz- 
ene, it  consisted  of  orange  needles  melting  at  121 — 122°. 

The  azo-compound  does  not  undergo  fission  when  brominated  in 
acetic  acid ;  a  crystalline  substance  separates  out,  and  this,  after 
repeated  crystallisation  from  glacial  acetic  acid,  consisted  of  long, 
bi-own  needles  melting  at  198 — 199°.  Analysis  proved  it  to  be  a 
monobromo-  derivative . 

0-0956  gave  10-6  c.c.  moist  nitrogen  at  18°  and  752-8  mm.    N  =  12-66. 
0-1154     „     0-0648  AgBr.     Br  =  23-83. 

CuHioBrNaOs  requires  N  =  12-50;  Br  =  23-81  per  cent. 

Nitric  acid  under  various  conditions  was  caused  to  act  upon  the 
azo-compound  and  its  acetjd-  and  ethyl-derivatives,  but  as  the  pro- 
ducts were  uncrystallisable,  they  have  not  been  further  examined. 
Direct  fission  does  not  appear  to  occur. 

Reduction  with  zinc-dust  and  acetic  acid  led  to  no  well-defined 
products  either  in  the  case  of  the  azo-compound  or  of  its  ethyl  ether. 
A  special  examination  for  the  ethyl  ether  of  amido-p-cresol  was  made 
in  the  last  case,  but  this  compound  could  not  be  found.  The  ethyl 
ether  of  the  azo-compound  was  also  reduced  with  tin  and  hydi-ochloric 
acid  in  hot,  alcoholic  solution.  Among  the  products  a  very  small 
quantity  of  a  base,  soluble  in  boiling  water,  and  crystallising  there- 
from in  white  needles  melting  at  about  104°,  was  isolated,  but  the 
yield  was  too  small  to  enable  us  to  characterise  it.  The  base  is  pro- 
bably a  diphenyl-  or  diphenylamine-derivative. 

We  may  add  that  the  ethyl  ether  of  benzeneazoparacresol  has  also 
been  prepared  and  reduced  by  tin  and  hydrochloric  acid  in  the  course 
of  the  investigation,  but  the  ethyl  ether  of  amidoparacresol  could  not 
be  found  among  the  products.  A  continuation  of  the  work  will  be 
necessary,  in  order  to  obtain  further  information  as  to  the  nature  of 
the  products  of  reduction  in  the  case  of  these  azo-paracresol  ethers. 

Benzene- li-azo-a.-nap'hihol  =  fi-Naphthaquinone-hydrazone. 

This  compound  was  prepared  by  the  action  of  phenylhydrazine 
hydrochloride  on  ^-naphthaquinone  suspended  in  glacial  acetic  acid 
according  to  the  original  method  of  Zincke  and  Bindewald  (Ber., 
1884,  3026).  It  was  purified  by  dissolving  it  in  cold,  alcoholic  soda, 
filtering,  and  precipitating  by  acid.  After  one  crystallisation  from 
glacial  acetic  acid,  it  had  the  right  melting  point,  and  a  portion  was 
at  once  converted  into  an  acetyl  derivative  by  boiling  with  acetic 
anhydride   for  about   two    hours.*      The    product   was  purified   by 

*  If  heated  too  long  there  is  much  loss  by  the  formation  of  resinous  products. 
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washing  with,  water  and  successive  crystallisations  from  methyl 
alcohol  and  benzene.  It  forms  pale  orange,  silky  needles  melting  at 
120—121°. 

0-1150  gave  0-3161  CO2  and  0-0522  H^O.  C  =  74-87  ;  H  ==  5-04. 
0-1056  „  0-2896  „  „  0-0476  „  C  =  74-71  ;  H  =  4-92. 
0-1002  „  8-2  c.c.  moist  nitrogen  at  15°  and  753  mm.  N  =  9-49. 
CGHs-Nz-CioHg-OCaHsO  (or  tautomeride)  requires  C  =  74-48;  H  = 
4-80 ;  N  =  9-65  per  cent. 

The  reduction  of  the  acetyl  derivative  in  the  usual  way  with  zinc- 
dust  and  acetic  acid  gave  rise  to  acetauilide  as  the  only  definite 
product.  This  was  identified  by  its  melting  point  and  by  analysis. 
A  trace  of  a  hydrazo -compound  appears  to  be  formed  together  with 
resinous  matter  and  a  highly  oxidisable  base,  probably  /3-amido-a- 
naphthol.  Acetamido-a-naphthol  could  not  be  identified,  but  it  may 
have  been  lost  by  oxidation.  The  colouring  raatter  produced  by 
oxidation    on    exposure   to   air   had    all    the    properties  of  oximido- 

naphthol,  CioH6<^  '      ,  the  formation  of  this  compound  indicating  the 

presence  of  ^-amido-a-naphthol  among  the  products  of  reduction. 
The  acetyl  derivative,  on  nitration  in  the  cold  in  glacial  acetic  acid, 
gave  an  orange  uncrystallisable  product,  which  was  not  further  ex- 
amined. When  dissolved  in  cold  nitric  acid  (1-42  sp.  gr.),  and 
allowed  to  stand  at  the  atmospheric  temperature  for  12  hours,  a  com- 
pound was  obtained  which,  after  crystallisation  from  boiling  glacial 
acetic  acid,  consisted  of  small,  bright,  red  needles  melting  at 
250 — -251°.  Analysis  showed  that  a  dinitro-derivative  of  the  original 
compound  had  been  formed,  the  acetyl  group  having  been  split  off. 

0-1058  gave  15-2  c.c.  moist  nitrogen  at  14°  and  756  mm.    W  =  16-79. 
Ci6Hio(N02)2^20  requires  N"  =  16-56  per  cent. 

That  the  acetyl  group  had  been  removed  was  shown  also  by  the 
readiness  with  which  the  substance  dissolved  in  cold  alcoholic  soda, 
forming  a  crimson  solution,  from  which  acids  precipitated  the  com- 
pound unaltered. 

The  action  of  bromine  on  the  acetyl  derivative  was  also  studied. 
On  adding  a  solution  of  bx'omine  in  glacial  acetic  acid  to  a  solution  of 
the  substance  in  the  same  solvent,  a  crystalline  substance  at  once 
separates.  After  crystallisation  fi'om  acetic  acid  and  benzene  in  suc- 
cession, red  needles  were  obtained  melting  at  206 — 207°.  The  com- 
pound was  readily  soluble  in  cold  alcoholic  soda  with  a  red  colour,  so 
that  in  this  case  also  the  acetyl  group  was  split  off,  and  the  action  of 
bromine  was,  therefore,  not  further  studied.  Analysis  indicated  that 
a  dibromo-dex'ivative  had  been  formed. 
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0-1904  gave  11-3  c.c.  moist  nitrogen  at  18-5°  and  757-2  mm.   N  =  6-80. 
Ci6HioBr2N'20  requires  N  =  6'89  per  cent. 

The  ethyl  ether  was  prepared  in  the  usnal  way  from  the  azo-com- 
pound,  sodium  hydroxide,  and  ethylic  iodide  in  alcoholic  solution.  As 
the  ethyl  derivative  formed  a  red,  tarry  mass,  no  attempt  was  made 
to  isolate  it  in  a  state  of  purity,  but  it  was  at  once  submitted  to  the 
action  of  nitric  acid.  In  the  first  place,  a  solution  of  the  substance 
in  glacial  acetic  acid  was  mixed  in  the  cold  with  fuming  nitric  acid 
diluted  with  acetic  acid.  The  solution  becomes  warm  and  soon 
solidifies  to  a  pulp  of  orange  needles.  The  latter,  after  crystallisa- 
tion from  alcohol,  had  a  melting  point  of  151 — 152^,  and  proved  to 

.OC3H5  (1) 
be  a  mononitro-derivative  of  the  ether,  probably  CioH5(^]S'o-C6H5(2). 

^NOa       (4) 

0-1144  gave  12-7  c.c.  moist  nitrogen  at  11-5°  and  763-5  mm.  N  =  13-25. 
The  above  formula  requires  K  =  13'08  per  cent. 

By  the  continued  action  of  nitric  acid,  fission  takes  place  without 
separation  of  the  ethyl  group.  The  ether  was  first  dissolved  in  ordi- 
nary (1-42  sp.  gr.)  nitric  acid,  in  which  it  forms  a  magenta-red  solu- 
tion, becoming  orange  on  standing.  Excess  of  fuming  nitric  acid 
was  then  added,  and  the  solution  heated  on  a  water  bath  for  2 — 3 
hours.  The  solution  was  cooled,  poured  into  cold  water,  and  the 
yellow  product  collected,  washed  with  water,  and  then  extracted 
with  dilute  caustic  soda  to  remove  phenolic  substances,  resulting  no 
doubt  from  the  nitration  of  some  unethylated  azo-compound.  There 
was  thus  obtained  a  yellowish,  resinous  substance,  which,  after 
several  crystallisations  from  alcohol,  consisted  of  yellow  needles 
melting  at  149 — -150°.  Analysis  showed  that  a  trinitro-a-naphthol 
ether  had  resulted. 

0-1205  gave  14-3  c.c.  moist  nitrogen  at  14-5°  and  755*5  mm.  N  =  13-82. 
C:oH,(N02)3-OC2H5  requires  N"  =  13-68  per  cent. 

The  properties  of  the  compound  confirmed  the  result  arrived  at  by 
analysis.  Thus,  when  warmed  for  a  short  time  with  alcoholic  am- 
monia, the  ethoxy-group  is  readily  exchanged  for  the  amido-groap 
with  the  formation  of  a  trinitro-a-naphthylamine  crystallising  in 
yellow  scales. 

0-1140  gave  19-6  c.c.  moist  nitrogen  at  15-5"  and  756  mm.    N^  =  19-95. 
C,oH4(N'02)3-NH2  requires  N"  =  2014  per  cent 

This  triuitronaphthylamine  has  no  definite  melting  point ;  it  begins 
to  blacken  about  260°,  and  is  completely  carbonised  at  280°.  On 
boiling  with  caustic  soda  solution,  it  gives  off  ammonia  and  forms 
the  sodium  salt  of  trinitro-a-naphthol.      The  latter  compound  sepa- 
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rates  from  the  hot,  alkaline  solution  on  adding  dilate  nitric  acid  and 
allowing  to  cool.  It  forms  small,  flat,  ochreous  needles  having  a 
decomposing  point  of  about  196°. 

0"0724  gave  9'5  c.c.  moist  nitrogen  at  22"5°  and  765  mm.     N  =  14*90 
CioH4(N'02)3-OH  requires  E"  =  15-05  per  cent. 

The  trinitronaphthylamine  and  trinitronaphthol  described  appear 
to  be  new,  but  we  had  too  little  material  to  attempt  to  determine  the 
constitution.  From  the  point  of  view  of  the  present  investigation 
this  is,  however,  a  subsidiary  point.  We  may  point  out  that  the  con- 
stitation  of  none  of  the  trinitronaphthylamines  or  trinitronaphthols 
is  known  excepting  the  position  (a  or  jH)  of  the  amido  or  hydroxy 
group. 

The  methyl  ether  of  the  hydrazone  was  also  prepared,  but  proved 
to  be  far  less  satisfactory  than  the  ethyl  derivative.  The  position  of 
the  ethyl  group,  however,  is  conclusively  settled  by  the  foregoing 
experiments.  Whatever  may  be  the  constitution  of  the  original 
compound,  the  ethyl  derivative  is  undoubtedly  a  true  azo-compound 
of  the  formula 

OC2H3 

This  result  is  of  special  interest,  because  the  discovery  of  this 
/3-naphthaquinonehydrazone  by  Zincke  was  the  first  experimental 
evidence  ever  adduced  in  favour  of  the  hydrazone  (or  "  quinonoid  ") 
formula  of  the  orthoazo-compounds. 

The  expense  of  the  investigation  has  been  partly  met  by  a  grant 
from  the  Research  Fund  of  the  Society.  The  experiments  will  be 
continued. 


LXVI. — Derivatives  of  Anthraquinone.     Part  III. 
By  A.  G.  Perkin,  F.R.S.E.,  and  F.  Cope. 

Several  years  ago,  while  one  of  ws  was  engaged  in  the  manufacture 
of  alizarin,  a  bye-product  was  obtained  during  the  puiification  of 
anthraquinone — obtained  by  oxidising  some  very  crude  anthracene — 
which  was  thought  to  consist  of  one  of  the  methylanthraquinones. 
When  the  impure  anthraquinone  was  heated  with  sulphuric  acid  in 
the  usual  manner  for  the  purpose  of  purifying  it,  and  the  acid 
mixture  was  extracted  with  boiling  water  and  filtered  hot,  it  was 
observed  that  the  filtrate  deposited  crystals.  A  moderate  quantity  of 
this  substance  being  still  available,  it  appeared  of  interest  to  submit 
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it  to  a  more  thorough  investigation,  more  especially  with  the  hope 
that  it  might  contain  a-methylanthraquinone,a  point  of  some  import- 
ance, for  a-methylautbracene  does  not  as  yet  appear  to  have  been 
isolated  from  crude  anthracene. 

The  crude  material  was  thoroughly  extracted  with  boiling  alcohol, 
and  the  brown-coloured  crystalline  deposit  which  separated  from  the 
extract  on  cooling,  was  recrystallised  two  or  three  times  from  the 
same  solvent,  decolorising  with  animal  charcoal.  A  mass  of  colour- 
less needles  was  thus  obtained,  melting  at  169 — 170°. 

On  fractionally  evaporating  the  alcoholic  mother  liquors,  crystalline 
substances  separated  out,  which,  when  recrystallised,  melted  at  tem- 
peratures varying  between  160°  and  170°. 

Eventually  these  various  fractions  were  found  to  consist  practically 
of  a  single  substance,  contaminated,  however,  with  some  impurity 
which  adhered  to  it  tenaciously  even  after  frequent  recrystallisation, 
but  which  was  removed  by  adding  a  trace  of  chromic  acid  to  a  solu- 
tion of  the  substance  in  boiling  acetic  ^cid. 

The  colourless  precipitate  thrown  do-^n  on  adding  water,  having 
been  extracted  with  dilute  ammonia,  and  crystallised  from  alcohol, 
melted  at  177".  On  analysis  this  gave  results  agreeing  with  those 
calculated  for  ^-methylanthraquinone. 

0-1295  gave  0-3858  CO^  and  0-0542  H^O.     G  =  81-24  ;  H  =  4-65. 
C15H10O2  requires  C  =  81-08 ;  H  =  45  per  cent. 

To  remove  all  doubt  as  to  its  identity,  a  portion  was  distilled  with 
Einc-dust.  A  nearly  colourless  sublimate  was  formed,  which  was 
crystallised  from  acetic  acid,  and  then  melted  at  200°.  Xo  doubt 
could  be  entertained  that  it  was  yS-methylanthracene. 

y3-Methylanthraqninone  is  almost  insoluble  in  boiling  dilute  sulph- 
uric acid  ;  its  presence  in  this  factory  bye-product  must  therefore  be 
accounted  for  by  its  solubility  in  the  boiling  aqueous  solutions  of  the 
sulphonic  acids  of  the  hydrocarbons  and  other  substances,  which  are 
formed  when  the  crude  antraquinone  is  heated  with  sulphuric  acid. 
Anthraquinone,  on  the  other  hand,  is  practically  undissolved  during 
this  process. 

In  this  crude  /3-methylanthraquinone,  and  also  in  the  purified 
anthraquinone  from  which  it  had  been  separated,  no  a-methylanthra- 
quinone  could  be  detected.  These  facts  perhaps  point  to  the 
absence  of  a-methylanthracene  in  the  crude  (Manchester)  anthracene 
which  had  been  used  for  the  manufacture  of  anthraquinone,  and  it  is 
significant  that  no  record  appears  to  exist  of  its  isolation  from  this  or 
any  other  class  of  product  obtained  during  the  distillation  of  coal 
tar. 

It  is  hoped  that  by  an  investigation  of  various  crude  anthracenes, 
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and  of  samples  of  the  so-called  "  anthracene  oils,"  the  presence  or 
absence  of  a-m  ethyl  anthracene  in  the  distillation  products  of  coal  tar 
will  be  conclusively  demonstrated. 

The  alcoholic  mother  liquors,  from  which  the  /3-methylanthra- 
quinone  had  been  separated,  when  evapoi^ated  to  dryness  gave  a 
brownish,  oily  residue,  which  did  not  crystallise  after  long  standing. 
This,  when  oxidised  with  chromic  acid,  afforded  an.  orange-red  mass, 
which,  judging  from  its  behaviour,  appeared  to  consist  chiefly  of 
phenanthraqninone.  There  could  be  little  doubt  that  this  oily  pro- 
duct consisted  of  a  mixture  of  low  melting  hydrocarbons,  and  that 
their  presence  here  was  due  to  the  fact  that  they  had  escaped  sulpho- 
nation  during  the  factory  treatment  of  the  crude  anthraquinone  with 
sulphuric  acid. 

Being  possessed  of  a  moderate  quantity  of  impure  /3-methyl- 
anthraquinone,  a  substance  which  is  not  readilj  procurable,  experi- 
ments were  instituted  with  the  object  of  preparing  from  it  a 
purpurincarboxylic  acid  for  comparison  with  the  natural  acid  con- 
tained in  madder.  It  was  also  found  that  other  subjects  of  interest 
would  be  involved  by  an  investigation  in  this  direction,  for  an  exami- 
nation of  the  work  of  Hammerschlag  on  alizarincarboxylic  acid  (Ber., 
11,  86),  showed  that  some  points  unattacked  by  him  still  awaited 
elucidation.  These  consisted  principally  of  a  determination  of  the 
nature  of  the  sulphonic  acid  of  anthraquinonecarboxylic  acid  from 
which  alizarincarboxylic  acid  is  obtained  by  fusion  with  alkali,  and 
an  isolation,  if  possible,  of  an  intermediate  substance  which  would 
be  most  probably  the  first  product  of  such  an  action. 

For  this  purpose,  therefore,  the  /3-raethylanthraquinone  was  con- 
verted into  iS- anthraquinonecarboxylic  acid  in  the  well  known  manner, 
and  the  identity  of  the  acid  was  determined  by  analysis. 

0-14  gave  0-365  CO2  and  0-0438  H^O.     C  =  71-1 ;  H  =  3-47. 
CisHgOi  requires  C  =71-42  ;  H  =  3-17  per  cent. 

SulpTionation  of  Anthraquinonecarhoxylic  Acid. 

^-Anthraquinonecarboxylic  acid  was  heated  at  160°  with  its  own 
weight  of  an  acid  containing  40  per  cent,  of  sulphuric  anhydride 
during  six  hours.  After  extraction  with  boiling  water  and  removal 
by  filtration  of  the  unattacked  carboxylic  acid  (which  usually 
amounted  to  35  per  cent,  of  that  originally  taken),  a  light  brown 
filtrate  was  obtained,  which  was  nearly  neutralised  with  caustic  soda 
and  evaporated  to  a  small  bulk.  When  cold,  a  crystalline  mass  of 
the  acid  sodium  salt  had  separated,  which  could  be  recrystallised 
from  water.     On  account,  however,  of  its  somewhat  ready  solubility, 
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and  the  araount  of  our  original  product  being  limited,  a  method  was 
devised  for  its  purification  which  was  based  on  its  transformation 
into  the  sparingly  soluble  aniline  salt.  For  this  purpose,  the  boiling 
neutralised  solution  of  the  sulphonation  product  was  rendered  acid 
with  hydrochloric  acid  and  mixed  with  a  solution  of  aniline  hydro- 
chloride. On  cooling,  a  dirty  white  precipitate  separated,  and  this 
was  collected,  well  washed  with  water,  and  purified  by  recrystallisa- 
tion  from  water  with  the  aid  of  animal  charcoal.  An  analysis  of  the 
substance  dried  at  110°  gave  the  following  result. 

0-3512  gave  86  c.c.  N^ ;  ^  =  14°.     Bar.  752  mm.     N"  =  2-85. 
COOH-CuHeOa-SOsHjCeHjNHa  requires  N  =  3-3  per  cent. 

It  consisted  of  minute,  almost  colourless  needles,  sparingly  soluble 
in  hot  water,  almost  insoluble  in  cold  water.  The  yield  of  this  pure 
aniline  salt  from  the  anthraquinonecarboxylic  acid  was  79"3  per 
cent,  of  that  required  by  theory. 

The  mother  liquor,  when  evaporated  to  a  small  bulk  and  cooled, 
became  gelatinous,  and  contained  most  probably  the  aniline  salts  of 
one  or  more  disulphonic  acids,  for  a  similar  product  was  obtained  on 
addition  of  aniline  hydrochloride  to  a  solution  of  the  sulphonation 
product  of  anthraquinonecarboxylic  acid,  which  had  been  produced 
with  excess  of  acid,  and  at  a  high  temperature. 

Sodmm  Salt. — The  fi.nely  divided  aniline  salt  having  been  sus- 
pended in  boiling  alcohol,  an  excess  of  alcoholic  solution  of  caustic 
sjda  was  added,  the  bulky,  flesh-coloured  product  was  collected, 
washed  with  alcohol,  and,  for  purposes  of  analysis,  crystallised  from 
dilute  alcohol,  and  dried  at  140°. 

0-413  gave  0-145  Na^SO^.     Na  =  11-3. 

NaSOs-CuHeOi-COONa  ......  requires  Na  =  11-27  per  cent. 

NaSOs-CuHeOi-COONa  +  H^O       „        Na  =  10-8 

Thus  obtained,  it  consisted  of  flat,  colourless  needles,  very  soluble 
in  water,  but  almost  insoluble  in  alcohol. 

The  acid  sodium  salt,  NaS03'CuH604'COOH,  which  is  slightly  less 
soluble  in  water  than  the  alkaline  salt,  forms  colourless  leaflets, 
closely  resembling  sodium  anthraquinonemonosulphonate  in  appear- 
ance. 

The  barium  salt  was  best  prepared  by  adding  barium  chloride  to  a 
boiling  solution  of  the  alkaline  sodium  salt.  A  crystalline  precipitate 
at  once  formed,  which  was  collected,  washed  with  water,  and  dried 
at  130—140'. 

0-45  gave  0  2136  BaSOi.     Ba  =  27-88. 

CuHo02<^Q^>Ba  +  H,0  requires  Ba  =  28-25  per  cent. 
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It  consists  of  colourless  needles,  veiy  sparinglj  solable  in  boiling 
vrater. 

m-Hydroxyanthraquinone-^-carhoxylic  acid. 

As  before  proceeding  further  it  was  necessary  to  determine  whether 
by  fusion  with  alkali,  the  above  described  monosulphonic  acid  yielded 
alizarincarboxylic  acid,  experiments  were  carried  out  with  this  object, 
and  a  colouring  matter,  having  properties  identical  with  those  of 
alizarincarboxylic  acid,  was  obtained. 

In  order,  i£  possible,  to  obtain  an  intermediate  product,  5  grama  of 
the  sodium  monosulphonate  were  added  to  a  solution  of  a  mixture 
of  15  grams  of  caustic  soda  and  1  gram  of  potassium  nitrate  in 
120  c.c.  of  water,  and  the  mixture  heated  in  a  small  autoclave  at 
160°  during  two  hours.  The  melt  was  then  dissolved  in  boiling  water, 
treated  with  barium  hydroxide  solution,  the  small  quantity  of  blue- 
violet  precipitate  so  formed  filtered  off,  and  the  red-brown  filtrate 
neutralised  with  acid.  On  cooling,  light  yellow  flocks  separated  out; 
these  were  collected,  washed  with  water,  and  purified  by  crystallisa- 
tion from  nitrobenzene  with  the  aid  of  animal  charcoal. 

0-1107  gave  0-273  CO2  and  0-0325  H2O.     C  =  6725  ;  H  =  3-2G. 
CuHiOa-COOH  requires  C  =  6716 ;  H  =  2-98  per  cent. 

Thus  obtained  it  appeared  as  a  yellow  powder  which,  under  the 
microscope,  was  seen  to  consist  of  groups  of  fine  needles;  these 
melted  at  314°,  and  at  higher  temperatures  yielded  a  sublimate  of 
needles  melting  in  a  similar  way.  Solutions  of  the  alkalis  dissolve  it 
readily,  orange-red  liquids  being  formed,  resembling  closely  the 
corresponding  solutions  of  m-hydroxyanthraquinone.  Addition  of 
barium  chloride  to  these  alkaline  solutions  causes  the  formation  of 
a  red-brown  precipitate  of  the  barium  salt,  which  is  sparingly 
soluble  in  water  but  more  readily  so  in  the  presence  of  alkali. 
Hydroxyanthraqninonecarboxylic  acid  dissolves  in  sulphuric  acid, 
forming  an  orange-red  liquid,  and  when  heated  with  Nordhanssn 
acid  at  120°  yields  a  sulphonic  acid.  From  this,  by  fusion  with 
alkali,  a  blue-violet  melt  is  obtained,  a  solution  of  which,  on  treat- 
ment with  acid,  yields  a  yellow  gelatinous  precipitate  soluble  in 
boiling  water,  probably  analogous  to  the  alizarinsulphonic  acid  pro- 
duced from  TO-hydroxyanthraquinone  in  a  similar  way  (Perger, 
J.  pr.  Chem.,  [2],  13,  179).  Fusion  with  alkali  converts  hydroxy- 
anthraquinonecarboxylic  acid  into  alizarincarboxylic  acid,  and  the 
formation  of  the  latter  from  anthraquinonecarboxylic  acid  is  ana- 
logous, therefore,  to  the  formation  of  alizarin  from  anthraquinone. 

Hammerschlag  Qoc.  cit.)  has  shown  that  by  the  action  of  dilute 
nitric  acid  on  alizaiincarboxylic  acid,  trimellitic  acid  is  formed,  from 
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wliich  it  appears  most  probable  that  the  carboxyl  and  hjdroxyl 
groups  are  not  in  the  same  ring.  It  follows,  therefore,  that  the 
above  described  hydroxyanthraquinonecarboxjlic  acid  is  constituted 
similarly  iu  this  respect,  possessing  one  of  the  following  formulae. 

CO  CO  • 

OH^l'^N^NcOOH  /^Y'^l'^^l^'OOH 

CO  CO 

It  is  considered  a  matter  of  reasonable  probability  that  this  acid  is 
a  derivative  of  m-hydroxyanthraquinone.  The  two  hydroxyanthra- 
qainoiiecai'bcxylic  acids  previously  known,  viz.,  that  described  by 
Hammerschlag  (loc.  cit.)  (OH  :  COOH  =  1:2)  and  that  described 
by  BIrukow  {Ber.,  20,  2438),  (OH :  COOH  =  1:4),  both  contain  the 
hydi'oxyl  and  carboxyl  groups  in  the  same  ring. 

Alizarin-, 3- Carboxylic  acid. 

10  grams  of  the  sodium  m^onosulphoilate  were  added  to  a  hot  solu- 
tion of  50  gram^s  of  caustic  soda  and  3  grams  of  sodium  nitrate  in  a 
little  water,  and  the  mixture  heated  in  aii  autoclave  at  190 — 200°* 
during  six  hours.  The  melt  wtis  then  dissolved  in  boiling  water, 
barium  hydroxide  solution  added,  ahd  the  blue-violet  precipitate 
thus  produced,  collected,  w^ll  washed,  suspended  in  water  and 
neutralised  with  acid.  Tile  red- orange  precipitate  was  then  sepa- 
rated from  the  acid  mixture  by  means  of  a  mixture  of  alcohol  and 
ether ;  on  evaporating  the  extract  to  a  small  bulk  and  cooling,  a  semi- 
Bolid  mass  was  deposited,  -vVhich,  linder  the  microscope,  was  seen  to 
consist  of  very  minute  needlbs.  These  were  collected,  washed  with  a 
little  ether,  and  f urth3r  purified  by  crystallisation  from  nitrobenzene 
with  the  aid  of  animal  charcoal.  The  alizarincarboxylic  acid  was 
thus  obtained  as  an  orange-red,  glistening  mass  of  minute  orange 
coloured  needles.  That  it  could  be  so  crystallised,  Hammerschlag 
was  evidently  unaware,  his  preparations  being  amorphous,  although 
he  obtained  a  crystalline  product  by  sublimation.  Unless  purified  by 
the  methods  described  above,  however,  it  was  found  to  be  exceed- 
ingly difficult  to  obtain  it  in  a  crystalline  condition,  and  it  separated 
from  hot  nitrobenzene,  when  cooled,  as  a  g'ilatiuous  mass,  which  was 
very  troublesome  to  manipulate.  The  difficulty  with  which  it  crys- 
tallises readily  distinguishes  this  substance  from  alizarin.  As  pre- 
viously found,  its  melting  point  is  305",  and  it  is  characterised  by  the 
fact  that  its  alkaline  solutions  have  a  blue  colour,  those  of  alizarin 
possessing  a  blue-violet  tint. 

*  Ilammersclilag  recommends  220°  during  12  hours,  but  this  is>  unnecessary. 
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Nitro-aUzarin-/3-carhoxylic  acid. 

Finely  powdered  alizarincarboxylic  acid  was  suspended  in  a  mix- 
ture of  1  part  of  nitric  acid  (d.  1"42)  and  4  parts  of  acetic  acid.  The 
progress  of  the  action,  which  occupied  about  10  minutes,  was  readily 
observed  by  means  of  the  tint  yielded  when  traces  of  the  product 
were  dissolved  in  dilute  alkali ;  when  no  further  alteration  of  colour 
could  be  observed,  the  mixture  was  mixed  with  water,  and  the  pre- 
cipitate collected,  washed,  and  crystallised  from  nitrobenzene. 

0-1248  gave  4-5  c.c.  N.,,  t  =  19^.     Bar.  755  mm.     N  =  4-12. 
COOH-Ci4H402(OH)2-N02  requires  N  =  4-25  per  cent. 

Tt  consisted  of  a  mass  of  minute,  orange-red  needles,  which  melted 
at  288°,  and  when  strongly  heated  were  carbonised,  yielding  but 
little  sublimate.  Dilute  alkalis  dissolve  it,  forming  a  red-violet 
liquid,  slightly  bluer  than  the  corresponding  solutions  of  yS-nitro- 
alizarin.  On  adding  excess  of  alkali  to  these  solutions,  the  corres- 
ponding salts  are  precipitated  in  an  amorphous  condition.  When  it 
is  boiled  with  a  solution  of  sodium  sulphide,  reduction  takes  place 
and  probably  amido-alizarincarboxylic  acid  is  formed  ;  the  product 
dissolves  in  alkali,  forming  a  pure  blue  solution.  Lack  of  material 
has  prevented  us  from  continuing  the  study  of  this  substance. 

Purpurin-^-carhuxyllc  acid. 

A  mixture  of  1  part  of  alizarincarboxylic  acid,  1  part  of  arsenic 
acid,  and  10  parts  of  sulphuric  acid  was  heated  at  160°  for  about  an 
hour.  The  action  proceeds  very  rapidly,  and  is  complete  when  a 
solution  of  the  product  in  alkali  shows  no  further  alteration  in  tint. 
On  adding  water,  a  bright  scarlet  precipitate  was  formed,  which  was 
collected,  washed,  and  purified  by  methods  similar  to  those  used  in 
the  case  of  alizarincarboxylic  acid. 

0  1070  gave  0234  CO,  and  00295  H^O.     C  =  59-63;  H  =  3-05. 
CwHiOjCOOH  requires  C  =  60-0  ;  H  =  266  per  cent. 

When  crystallised  from  nitrobenzene,  it  forms  a  glistening  mass  of 
minute,  red  needles  which  melt  above  315°,  and  at  higher  temperatures 
yield  a  sublimate  of  fine  red  needles.  In  order  to  be  assured  that  this 
substance  was  a  purpurincarboxylic  acid,  it  was  decomposed  in  the 
paste  form  with  boiling,  dilute  nitric  acid.  A  light  yellow  solution 
was  thus  formed,  from  which  by  evaporation  to  di'yness,  a  yellow 
crystalline  residue  was  obtained.  This  was  dissolved  in  water,  ex- 
tracted with  ether,  the  extract  evaporated,  and  the  residue  again 
dissolved  in  water,  and  treated  with  lead  acetate  solution.  The  bulky, 
■white  precipitate   thus  formed   was   collected,    washed   with  water, 
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deccmpoprd  with  dilute  snlplmric  acid,  and  after  removal  of  tlie  lead 
sulphate  by  filtration,  ihe  solution  was  extracted  with  ether  and  the 
extract  evaporated.  The  resulting  crystalline  residue  when  distilled 
yielded  a  colourless,  somewhat  treacly  distillate ;  this  was  dissolved  in 
dilute  alkali,  the  solution  acidified,  and  extracted  with  ether.  By 
evaporating  the  ethereal  extract,  a  nearly  colourless,  crystalline  mass 
remained,  which  melted  at  216°,  and  was  evidently  trinjellitic  acid. 
In  this  carboxylic  acid,  therefore,  the  hydroxyl  groups  and  <he 
carboxyl  group  are  in  separate  rings,  and  from  this  it  appears  that 
it  is  a  purpurincarboxylic  acid.  The  only  alternative  formula  would 
be  that  which  represents  an  an thragallol carboxylic  acid,  but  as 
anthi^agallol  cannot  be  obtained  by  the  oxidation  of  alizarin,  it  is 
hardly  possible  that  the  carboxylic  acid  of  the  latter  would  yield  an 
an  thragallol- derivative  by  similar  treatment.  With  the  object  of 
preparing  purpurin  frora  this  carboxylic  acid,  its  vapour  was  con- 
ducted in  a  current  of  air  over  heated  asbestos  ;  a  sublimate  was 
obtained  closely  resembling  purpurin,  but  melting  at  269°.  (Pur- 
purin melts  at  256°.)  This  product  appeared  to  be  a  mixture  of 
purpurin  and  purpurincarboxylic  acid,  as  its  solution  in  alkali  was 
still  slightly  bluer  than  that  of  purpurin.  Unfortunately  the  quantity 
of  material  at  our  disposal  was  too  small  for  further  experiments  in 
this  direction.  There  can,  however,  be  little  doubt  that  the  substance 
is  a  purpurin-/3-carboxylic  acid,  and  that  it  is  to  be  represented  by 
one  of  the  two  following  formulse. 

OH  CO  OH  CO 

'^/^^^COOH  I'^^i^Y^ 

OH  I     1     1     JcO  OH  * 
OH  00 

As  it  was  of  interest  to  compare  this  acid  with  the  purpurincaib- 
oxylic  acid,  or  pseudopurpurin  present  in  madder,  a  small  quantity  of 
this  was  prepared  from  the  madder  preparation  known  as  "  Kopp's 
purpurin"  (Auerbach's  Anthracene,  1877,  197),  in  the  manner 
described  in  that  Avork  (p.  206).  As  a  test  of  its  purity,  a  portion 
was  submitted  to  analysis. 

0-1092  gave  0-2897  CO2  and  0-0302  HjO.     C  =  59-86  ;  H  =  3-07, 
CuH^Os.COOH  requires  C  =  600 ;  H  =  266  per  cent. 

As  was  expected,  the  distinction  between  this  acid  and  that 
artificially  obtained  was  exceedingly  well  defined.  A  comparison  of 
the  properties  of  the  two  acids  is  given  on  page  850, 


850 
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Purpurincarboxylic  acid 
from  madder. 

Purpurincarboxylic  acid. 
Artificial. 

NaOH  solution 

Bai-ium  salt 

H:iS04 

Soluble,  forming  a  bright 
red  liquid 

Insoluble  red -violet  precipi- 
tate 

Eed  solution 

Orange-red  solution,  highly 
fluorescent 

Soluble 

Eed-violet  solution. 
Insoluble  violet  precipitate. 

Orange-red  solution. 

Pink  solution,  slightly  fluor- 
escent. 

Insoluble. 

Alum  solution 

Boiling  toluene 

Melting  point 

Boiling  NaOH  solu- 
tion 

218—220"    

Above  315°. 

Decomposed,  forming  pur- 
purin 

Undecomposed. 

The  constitution  of  the  natural  purpurincarboxylic  acid  does  not 
appear  to  have  been  determined,  but  judging  from  the  instability  of 
its  carboxyl-group  this  would  appear  to  be  in  the  a-position.  In- 
stances in  support  of  this  assertion  are  to  be  found  in  the  munjistin 
or  purpuroxanthincarboxylic  acid  existing  in  munjeet,  and  the 
erythoxyanthraquinonecarboxylic  acid  (loc.  cit.),  the  carboxyl-groups 
of  both  of  •which  are  unstable,  and  in  each  case  are  in  the  a-position. 
The  stability  also  of  the  y3-carboxylic  acids  here  obtained  points  to 
this  same  conclusion. 

Dyeivg  Results. — Comparative  dyeing  trials  were  carried  out  upon 
mordanted  calico  with  the  colouring  matters  pi-eviously  described, 
and  the  corresponding  alizarin-colours  from  which  they  may  be  con- 
sidered to  have  been  derived.  In  all  cases  the  shades  given  by  the 
carboxylic  acids  were  considerably  bluer  although  of  a  type  similar  to 
the  shades  yielded  by  the  ordinary  alizarins.  The  former  were  con- 
siderably less  permanent  in  presence  of  soap  than  the  latter.  The 
colours  produced  do  not  call  for  special  comment. 

Concluding  Eemarlcs. — It  is  shown  by  this  investigation  that  the 
formation  of  alizarin-^-carboxylic  acid  from  anthraquinone-/3-carb- 
oxylic  acid  is  in  all  respects  analogous  to  the  formation  of  alizarin 
from  anthi^aquinone.  That  the  carboxyl  group  in  m-hydroxyanthra- 
quinone-,  alizarin-,  nitro-alizarin-,  and  purpurin-yS-carboxylic  acids  of 
the  constitution  previously  given,  is  exceedingly  stable  and  differs  in 
this  respect  from  that  which  is  present  in  purpnroxanthin,  and  pur- 
purincarboxylic and  erythoxyanthraquinonecarboxylic  acids.  The 
introduction  of    the  carboxyl-grcup   in   this  position    into   alizarin, 
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nitroalizarin,  and  pnrpurin,  is  accompanied  by  a  decrease  of  the  red 
tint  of  the  corresponding  alkaline  solutions,  the  shades  obtained  on 
dyeing  being  similarly  affected.  The  dyed  colours  so  obtained  are 
less  permanent  in  presence  of  soap. 

Clothworkers'  Research  Laboratory, 
Dyeing  Department, 

Yorkshire  College. 
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uitroalizaHn,  and  piirpurin,  is  accompanied  hy  a  decrease  of  the  red 
tint  of  the  corresponding  alkaline  solutions,  the  shades  obtained  on 
dyemg  being  similarly  affected.  The  djed  colours  so  obtained  are 
less  permanent  in  presence  of  soap. 

Clofhworkers'  Research  Laboratory, 
Dyeing  Department, 

Yorhshire  College. 


hXVll.— Colouring  and  other  Principles  contained  in 

Mang-koudu. 
By  A.  G.  Pebkin  and  J.  J.  HuMMEr,. 


The  dyemg  material,  variously  named  oungloudon,  jonR-koutons 
*c.  ,s  the  root-bark  of  Monnda  urnMUta,  and  i''met  wrthl' 
Wern  commerce  m  the  form  of  small,  reddish-brown,  irregular 

Ter  lb  1^7  """f  •  7""^'  ""  -PP-™e-  Ito  cost  is  about  M. 
per  lb.  In  Java  ,t  ,s  largely  used  for  producing  the  fast  reds  in  the 
native  cahco  prints,  well  known  under  the  name  of  "  baticks  " 

Although  the  shrub  (,om  which  the  root-bark  is  obtained  is  met 
We  te^n  TndTa"  ">^^"'y-?'°-  "^  Eastern,  Southern,  and  South- 
nTnt!^?/        '  .  ""  '"  '^'  ""'"y  Peninsula  and  Java,  the 

material  does  not  appear  to  be  considered  as  of  any  special  import 

TsTt^I^t  \^r'  "'"^^^'  '^'^'-  -  i-4p-bab"they 

whiclf  t         f         7  u'  ™^"'  '^^  K"-*"-^'  designation  «  root,  of 
which  It  must  simply  be  regarded  as  a  variety. 

,  „!:1  f  """'"f ^"''..t  ^'"  "^  "^  I-"^'^"  ^macular  names  .-Al 
^e    i'terr  ^   ^^^'  '^^«»''"'i'i  (r.%»);  maug-kudu  (Mai.,). 
The  literature  connected  with  mang-koudu  is  extremely  limited 
brief  references  to  its   dyeing  properties  only  being  found  i^  the 

BancT;^f   P""'-''»-;-^**-y%   of    PerZnent  lolours   (1813^ 
Bancroft;  BuUeH.,de  U  SociM  Industrielle  de  Mulkouse  (1832)   E 
Schwartz  and  D.  Koechlin ;  L'Art  de  la  Tenure  des  Laininm) 

»    ^\     ^x    7-     ,-/      »»'araie,    Watts  Dictionary  of   the   Uconnmi,' 

Products  of  India  (1891),  J.  MnrvRj  economic 

Excepting  the  preliminary  examination  made  by  us  last  year  when 

sTbmitt'd  ^  '  r^  '-T  °'  "^*^"^^'  ''  ^-«  -^  appear  to  W;  been 
submitted  to  chemical  investigation.     In  carrvino-  nnf  ih^  . 

examination,  10  lb.  of  root-ba4  have  been  us7d  for  which  ^We 
to  thank  Mr.  F.  Driessen,  of  Leiden,  and  his  firm,  De  JidLhe 
Katoenma^atschappij.     Information   as  to  the    botanical    origin  of 
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mang-koTidu   was  kindly  farnislied  to  us   by  Mr.    T.  W.  Thiselton 
Dyer,  the  Director  of  the  Royal  Botanic  Gardens,  Kew. 

In  the  preliminary  commanication  (Trans.,  1893,  63,  1162),  made 
at  a  time  when  we  were  entirely  ignorant  of  its  close  botanical  rela- 
tionship to  Morinda  citrifoUa,  the  colouring  matter  which  it  contains 
was  stated  to  be  alizarin  instead  of  morindone,  as  we  now  find  it  to  be. 
Having  at  our  command  only  a  minute  quantity  of  the  colouring  matter, 
far  too  small  for  analysis,  we  relied  on  the  results  of  a  comparison  of 
the  colour  of  its  solution  in  caustic  alkali  with  that  of  other  similar 
colouring  matters,  and  found  it  to  agree  most  closely,  in  this  respect, 
with  alizarin.  Having  at  the  same  time  no  specimen  of  morindone, 
we  referred  to  the  published  accounts  of  other  workers  (Trans.,  1893, 
63,  1184),  and  found  it  stated  that  the  alkaline  solution  of  this 
colouring  matter  had  a  redder  colour  than  that  given  by  alizarin,  and 
since  this  was  certainly  not  the  case  with  our  substance,  we  were 
thus  led  to  an  erroneous  conclusion.  A  subsequent  special  com- 
parison of  morindone  with  alizarin  has  shown,  however,  that  they 
both  behave  very  similarly  towards  caustic  alkalis. 

Summary  of  Results. 

In  the  general  character  of  its  constituents,  mang-koudu  more 
closely  resembles  madder  than  chay  root,  although,  like  the  latter,  it 
contains  but  a  single  colouring  matter. 

There  are  present,  however,  but  only  in  small  quantity,  numerous 
yellow,  crystalline  substances,  totally  distinct  from  those  found  in 
chay  root,  and,  judging  from  their  behaviour,  more  nearly  allied  to 
those  isolated  by  Schunck  from  madder.  At  present,  it  has  only 
been  found  possible  to  determine  with  certainty  the  constitution  of 
two  of  these  yellow  substances,  as  it  was  evident  that  very  large 
quantities  of  raw  material  would  be  required  to  isolate  the  others 
and  determine  their  constitution.  The  results  referring  to  them  in 
this  paper  must  therefore  be  considered  as  preliminary  only. 

In  studying  this  root,  methods  of  extraction  have  been  used 
similar  to  those  found  serviceable  in  the  case  of  chay  root  (Trans., 
1893,  63,  1162).     Eleven  distinct  substances  have  been  isolated. 

Extraction,  with  Sulphurous  acid. — Mang-koudu,  when  extracted 
with  solution  of  sulphurous  acid,  yields  morindone,  chlororubin,  and 
a  minute  quantity  of  a  mixture  of  yellow  substances.  The  first 
proves  to  have  all  the  properties  mentioned  by  Thorpe,  Greenall,  and 
Smith  (Trans.,  1887,  52,  and  1888,  63,  174),  with  the  exception  of 
the  colour  of  its  alkaline  solution,  to  which  reference  has  already 
been  made.  Further  proof  of  the  constitution,  that  of  a  trihydroxy- 
methylanthraquinone,  already  assigned  to  it   by  these   authors,  is 
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afforded  by  its  conversion  into  a  triacetyl  compound,  Ci5H7O5(02H3O)3. 
on  treatment  with  acetic  anhydride.  This  crystallises  in  lemon- 
yellow  needles  melting  at  222°.  Though  not  yet  conclusively  proved, 
experiments  show  it  to  be  most  probably  a  /3-  rather  than  an 
a-methylanthracene  derivative,  and  experiments  are  now  being  car- 
ried out  with  larger  quantities  to  place  this  point  beyond  doubt. 

As  the  quantity  of  yellow  substances  extracted  from  the  root  by  a 
dilute  solution  of  sulphurous  acid  was  extremely  small,  recourse  was 
had  to  alcohol,  which  gave  much  better  results.  The  methods  used 
for  separating  the  mixed  products  are  fully  described  in  the  experi- 
mental part  of  this  paper,  the  substances  being  merely  mentioned 
here  in  the  order  in  which  they  were  obtained  from  the  root. 

1.  Morindin,  the  glucoside  of  morindone,  was  found  to  be  identical 
with  that  obtained  by  Thorpe,  Greenall,  and  Smith,  from  Morinda 
citrifoUa. .  It  is  present  in  the  mang-koudu  in  a  crystalline  con- 
dition. 

2.  A  substance  of  the  formula  C16H12O6  crystallising  in  orange-red 
needles,  melting  at  258°,  and  subliming  readily  at  higher  tempera- 
tures. It  dissolves  in  alkalis  with  an  orange-red  coloration,  whilst 
with  sulphuric  acid  it  gives  a  rich  purple  solution,  very  characteristic 
of  this  snbstance.  With  zinc  dust,  in  alkaline  solution,  it  behaves  as 
an  anthraquinone  or  allied  compound,  but  it  does  not  appear  to  con- 
tain methoxy-groups.  From  the  large  amount  of  hydrogen  it  contains 
it  is  possibly  a  derivative  of  dimethylanthracene.  The  acetyl  deri- 
vative crystallises  in  colourless,  fine  needles  melting  at  129 — 130°. 

3.  A  substance  of  the  formula  CieHioOs  (A)  crystallising  in  lemon- 
yellow  needles  melting  at  198 — 199°.  It  dissolves  in  alkalis  yielding 
an  orange-red  solution,  but,  on  boiling,  the  liquid  changes  to  reddish- 
brown,  and  contains  the  alkali  salt  of  a  new  substance,  which  crys- 
tallises in  reddish  leaflets,  and  melts  at  201°.  From  this  it  would 
seem  that  it  contains  a  carboxyl  group,  and  is  possibly  hydroxy- 
methylanthraquinonecarboxylic  acid. 

4.  A  substance  of  the  formula  CisHijOs,  which  forms  the  major 
portion  of  the  yellow  substances,  consists  of  very  minute,  yellow 
needles,  melting  at  171 — 173°,  and  incapable  of  sublimation.  A 
characteristic  of  this  substance  is  that  it  yields  an  ammonium  salt, 
CieHiiOs'NHi,  which  crystallises  in  scarlet  needles,  stable  at  the 
ordinaiy  temperature,  but  evolving  ammonia  at  140°.  When  distilled 
with  zinc  dust,  it  yields  a  methylanthracene,  probably  the  /3-componnd, 
and  when  digested  with  zinc  dust  in  alkaline  solutions  it  behaves  as 
a  methylanthraquinone  derivative.     It  yields  a  diacetate, 

CieHioOs  (C2H3O)  2, 

melting  at  148°,  and  it  contains  one  methoxy-group.    It  is,  therefore, 
.a  monomethyl  ether  of  a  trihydroxy methylanthraquinone. 
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5.  A  substance  of  the  formula  C15H10O4,  forming  groups  of  yellow 
needles  melting  at  269",  and  yielding  a  beautiful  sublimate  of  long,  tbin 
leaflets.  When  distilled  with  zinc  dust,  it  yields  methylanthracene, 
and  its  behaviour  with  zinc  dust  in  alkaline  solutions  shows  it  to  be  a 
methylantbraquinone  derivative.     It  yields  a  diacetate, 

Ci5H804(  €21130)2, 

melting  at  165 — 167°,  and  is,  therefore,  a  dihydroxymethylanthra- 
quinone.     It  appears  to  be  identical  with  the  compound 

O       OH 
/\/   \/\ 

obtained  by  Marchlewski  (Trans.,  1893,  63,  1142)  by  the  condensa- 
tion of  metadihydroxybenzoic  acid  with  paramethylbenzoic  acid. 
This  substance  melts  at  267°,  and  its  diacetate  (private  communica- 
tion) at  166°  to  167°. 

6.  A  substance  of  the  formula  CieHjoOs  (B),  forming  minute,, 
orange-yellow  needles  melting  at  208°,  and  differing  from  the  sub- 
stance CisHioOe  (A,  p.  853)  in  crystalline  form,  and  by  its  very  sparing 
solubility  in  alcohol.  It  dissolves  in  dilute  solutions  of  caustic 
alkali,  forming  an  orange-red  liquid,  but  the  addition  of  excess  of 
alkali  throws  down  the  corresponding  salt  in  the  form  of  fine,  orange- 
red  needles.  Continued  boiling  of  these  salts  in  strongly  alkaline 
solution  changes  the  colour  to  violet-red,  and,  on  neutralising,  a  new 
substance  is  obtained,  melting  at  218°  ;  it  crystallises  in  needles 
resembling  those  of  alizarin,  and  dyes  mordanted  cloth  shades  of  an 
alizarin  character.  The  formula  of  this  substance  agrees  with  that 
required  for  a  hydroxymethylanthraquinonecarboxylic  acid. 

7.  In  addition  to  the  foregoing  yellow  substances,  one  crystallising 
in  orange-red  needles  was  obtained,  but  in  too  small  a  quantity  for  a 
trustworthy  analysis.  It  was,  however,  readily  distinguished  from 
the  substances  already  described  by  its  high  melting  point  282°,  and 
by  yielding  an  ammonium  salt  crystallising  in  red  needles  moderately 
soluble  in  alcohol.  The  potassium  and  sodium  salts  could  also  be 
obtained  in  a  crystalline  form. 

The  six  yellow  substances,  above  described,  constitute  the  bulk  of 
those  present  in  the  root,  but  there  are  indications  of  at  least  two 
others,  which  it  will  no  doubt  be  possible  to  isolate  when  larger 
quantities  of  raw  material  can  be  worked  with. 

8.  A  substance  of  the  formula  CisHjsO,  here  described  as  a 
wax,  forms  colourless  needles,  m.  p.  124 — 125°,  having  a  beautiful, 
pearly  lustre  and  resembling  pure  phenanthrene.     It  is  present  in 
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the  root  in  such  very  small  quantity  that  a  study  of  its  constitution 
would  be  a  matter  of  extreme  diflSculty. 

Mang-koudu  contains  also  a  certain  quantity  of  free  fnorindone^ 
and,  in  this  respect,  is  intermediate  between  chay  root  and  madder. 

Ruhichloric  acid  (Rochleder,  /.  pr.  Chem.,  55,  385)  was  obtained  in 
the  form  of  a  brown,  syrupy  mass,  which,  when  boiled  with  acids, 
yielded  the  characteristic  green  precipitate  of  chlororubin.  It  ap- 
peared to  be  identical  with  that  contained  in  madder  and  in  chay  root. 

In  addition  to  these  substances,  mang-koudu  contains  a  considerable 
amount  of  free  acid,  the  nature  of  which  has  not  yet  been  determined. 

No  cane  sugar  was  found  in  this  root,  a  point  which  distinguishes 
it  both  from  chay  root  and  from  madder. 

Experimental    Part. 
Extraction  with  Sulphurous  acid. 

500  grams  of  the  dried  root-bark  was  digested  with  5  litres  of  a 
■cold  aqueous  solution  of  sulphurous  acid  during  48  hours,  and,  after 
filtering  off  the  liquid,  the  residue  was  again  extracted  in  a  similar 
manner  until  the  final  extract  was  merely  pale  yellow.  The  com- 
bined deep  brownish-yellow  filtrates  were  mixed  with  concentrated 
sulphuric  acid,  in  the  proportion  of  5  c.c.  to  the  litre,  and  the  acid 
liquid  was  heated  for  two  hours  at  60° ;  this  caused  the  separation  of 
a  small  quantity  of  a  brownish  yellow  precipitate,  more  of  which  was 
deposited  on  cooling.  This  product  was  insoluble  in  ether,  and,  on 
treatment  with  baryta  water,  formed  an  insoluble,  red  lake ;  as,  from 
this,  it  appeared  to  be  a  glucoside,  it  was  suspended  in  water  and 
hoiled  with  sulphuric  acid,  when  it  yielded  an  orange-coloured  pro- 
duct, which  had  the  properties  of  morindone,  formed  a  blue  lake 
with  baryta  water,  and  gave  blue  solutions  with  alkalis.  The  original 
brown-yellow  precipitate  was  thus  shown  to  be  the  glucoside  morindin, 
and  its  appearance  at  this  point  is,  no  doubt,  due  to  the  fact  that  its 
solubility  in  dilute  solution  of  sulphurous  acid  is  greater  than  in 
water,  and  as,  on  heating  to  60°,  considerable  quantities  of  sulphurous 
acid  gas  are  disengaged  from  the  solution,  a  small  quantity  of  the 
morindin  is  thrown  down. 

The  main  sulphurous  acid  extracts,  on  boiling,  became  darker,  and 
gradually  deposited  greenish  flocks  in  considerable  quantity.  After 
four  hours  boiling,  the  whole  was  allowed  to  cool,  and  the  precipitate 
was  collected,  washed  with  water,  dried,  and  extracted  with  boiling 
toluene.  The  insoluble,  dark  green  residue  thus  obtained,  was 
found  to  be  similar  to  the  chlororubin  obtained  by  Schunck  from 
madder  (Annalen,  66,  176).  The  pale  yellow  toluene  solution,  which, 
on  cooling,  frequently  deposited  long,  reddish-brown   needles,  was 
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mixed  with  twice  its  bulk  of  boiling  dilute  caustic  soda,  and  tlie  blue- 
violet  alkaline  solution  thus  obtained  was  separated  from  the  toluene. 
On  adding  baryta  water  to  this  alkaline  solution,  violet  flocks 
were  precipitated,  which  were  collected,  washed  with  water  to  remove 
traces  of  soluble  barium  compounds,  suspended  in  water,  and  decom- 
posed with  hydrochloric  acid.  The  orange-red  precipitate  thus 
obtained,  after  washing  and  drying,  was  purified  by  crystallisation 
from  cumene,  with  the  aid  of  animal  charcoal. 

On  analysis,  the  following  numbers  were  obtained. 

0-1223  gave  0-2974  CO^  and  0-0427  HjO.     C  =  66-32  ;  H  =  3-88. 
C15H10O5  requires  C  =  66-66 ;  H  =  3*70  per  cent. 

It  appeared  as  orange-red  needles,  identical  with  the  morindone 
obtained  from  Morinda  citrifolia  by  Anderson  (Chem.  80c.  J.,  1847, 
48,  748),  and  subsequently  by  Thorpe,  Greenall,  and  Smith  (loc.  cit.). 
The  statement  by  these  authors  that  the  alkaline  solutions  of  mor- 
indone are  redder  than  the  corresponding  alizarin  solution  is  incorrect, 
dilute  alkaline  solutions  of  morindone  being  bluer  in  tint  than  are 
those  of  alizarin. 

As  these  two  substances  resemble  each  other  so  closely,  not  only  in 
this  respect  biit  also  in  that  the  melting  point  of  morindone  is 
271 — 272°,  it  seemed  desirable  to  find  some  simple  means  of  readily 
distinguishing  them,  and  this  was  afforded  by  their  behaviour  when 
treated  with  sulphuric  and  nitric  acids.  Morindone  dissolves  in  the 
former,  producing  a  deep  blue  solution,  which,  on  the  addition  of 
a  crystal  of  potassium  nitrate,  gradually  turns  dark  green.  Morindone 
dissolves  in  nitric  acid  (sp.  gr.  1-5),  yielding  a  beautiful,  green  liquid, 
which,  on  warming,  becomes  brown.  Solutions  of  alizarin  in  sulph- 
uric and  nitric  acids  are  respectively  claret-red  and  orange-brown. 

In  order  to  further  confirm  the  constitution  assigned  to  morindone 
by  Thorpe  and  Greenall  (loc.  cit.),  namely,  that  it  is  a  trihydroxy- 
methylanthraquinone,  it  was  converted  into  the  acetate  by  boiling 
with  acetic  anhydride  during  six  hours.  On  adding  methylic  alcohol 
to  the  solution,  a  crystalline  precipitate  separated,  which  was  collected 
and  purified  by  crystallisation  from  alcohol. 

0-1075  gave  0-2505  CO^  and  0-0403  H2O.     C  =  63-54;  H  =  4-16. 
Ci5H706(C2H30)3  requires  C  =  63-63  ;  H  =  4-04  per  cent. 

It  crystallises  in  fine,  lemon-yellow  needles,  sparingly  soluble  in 
alcohol,  and  melts  at  222°.  It  is  insoluble  in  cold  caustic  soda  solution, 
but,  on  boiling,  is  readily  decomposed,  forming  a  blue  solution. 
With  the  object  of  determining  from  which  particular  methylanthra- 
cene,  a  or  y3,  morindone  was  derived,  a  small  portion  was  distilled  with 
zinc  dust,  and  the  greenish-yellow  leaflets  thus  obtained  were  crj.stal- 
lised  three  times  from  glacial  acetic  acid.    They  melted  at  196 — 197°. 
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y3-Methylantliracene  melts  at  200°,  and  it  therefore  appears  probable 
that  morindone  is  a  derivative  of  the  j3-  rather  than  of  the  a-com- 
pound,  -which  melts  at  203°. 

For  a  portion  of  the  morindone  here  examined,  and  for  the  extrac- 
tion of  many  pounds  of  the  Morinda  citrifolia  with  sulphurous  acid 
on  the  large  scale,  our  best  thanks  are  due  to  Messrs.  Hirst,  Brooke, 
and  Hirst,  of  Leeds,  and  with  tbe  material  tbus  obtained  we  hope  to 
exhaustively  examine  this  interesting  substance. 

The  red  alkaline  filtrate  from  the  barium  compound  of  morindone, 
on  nentralisation  with  acid,  gave  a  minute  quantity  of  dirty  yellow 
flocks,  which,  on  drying,  had  a  dark,  resinous  appearance.  A  quan- 
titative extraction  of  200  grams  of  mang-koudu  with  cold  sulphurous 
acid  gave  the  following  result. 

9*47  grams  of  green  precipitate,  or  4* 735  per  cent.,  which  yielded 
Crude  chlororubin,  8"075  grams,  or  4*0375  per  cent. 
Pure  morindone,  1'187  grams,  or  0*5935  percent. 
Yellow  substances,  0*208  gram,  or  0*1040  per  cent. 

Compared  with  these  figures,  those  obtained  with  chay  root  are 
interesting. 

Crude  chlororubin 1*19    per  cent. 

Pure  alizarin    0*402  ,, 

Mixed  yellow  substances   ....      1*120         „ 

Examination  of  the  residual  mang-koudu,  after  extraction  with 
cold  sulphurous  acid,  showed  it  still  to  contain  a  quantity  of  colour- 
ing matter,  and  this  is  accounted  for  by  the  comparative  insolubility 
of  the  glucoside  morindin  in  dilute  sulphurous  acid  or  in  water. 

Alcoholic  Extraction. 

The  coarsely  ground  root-bark  was  digested  with  five  times  its 
weight  of  absolute*  alcohol  for  six  hours,  the  mixture  being  then 
allowed  to  settle  for  some  minutes.  When  the  greater  part  of  the 
orange-brown  alcoholic  extract  had  been  decanted,  the  residual  liquid 
was  found  to  contain  orange-yellow  particles  in  suspension,  which 
appeared  under  the  microscope  as  long,  fine  needles.  Examination  of 
the  extracted  root  showed  that  it,  too,  was  impregnated  with  a 
quantity  of  the  same  sabstance,  the  greater  proportion  of  which 
could  be  removed  in  a  similar  manner  by  a  second  treatment  with 

*  The  earlier  extractions  were  made  with  absolute  alcohol,  but  subsequently,  on 
economical  grounds,  the  use  of  methylated  spirit  was  adopted.  The  products  ob- 
tained by  the  use  of  the  former  solvent  were,  however,  far  cleaner  and  easier  to 
purify,  and  the  results  obtained  were  decidedly  preferable  to  those  obtained  with 
methylated  spirit. 
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alcohol.  After  a  third  extraction,  the  residual  root  contained  too 
small  a  quantity  of  soluble  matter  to  justify  the  labour  of  further 
extractions. 

The  pale  yellow,  silky  mass  from  which  the  alcohol  had  been 
decanted  was  now  exhausted  with  a  boiling  mixture  of  two  parts  of 
alcohol  and  one  of  water. 

After  filtration,  the  yellow  liquid  gradually  deposited  minute 
needles,  which  were  again  crystallised  from  dilate  alcohol  with  the 
aid  of  animal  charcoal.  Analysis  of  the  product  dried  at  110°  gave 
the  following  result. 

0-1095  gave  0222  CO2  and  0-061  H^O.     C  =  55-29 ;  H  =  5'17. 
C26H28O14  requires  C  =  55-33 ;  H  =  4-96  per  cent. 

As  to  its  identity  with  the  morindin  isolated  by  Anderson  and 
others  (loc.  cit.)  there  could  be  no  doubt.  It  appeared  as  golden- 
yellow  needles  closely  resembling  ruberythric  acid,  from  which  it  was 
readily  distinguished,  however,  by  its  sparing  solubility  in  alcohol 
and  its  stability  towards  boiling  alkali  solutions.  Prom  its  mode  of 
preparation,  it  appears  to  be  present  in  the  root  in  the  crystalline 
condition.  We  have  collected  some  quantity  of  morindin  with  the 
view  to  the  elucidation  of  its  somewhat  peculiar  formula. 

Substance  of  the  Formula  C16H12O6. 

From  the  orange-brown  alcoholic  filtrate  which,  on  standing,  had 
deposited  nothing,  the  greater  part  of  the  alcohol  was  distilled  off, 
and  the  thick,  treacly  residue  poured  into  much  water ;  the  orange- 
coloured  precipitate  thus  obtained  was  then  collected  and  washed 
several  times  with  water,  the  filtrate  being  preserved  for  further 
examination.  The  precipitate  was  suspended  in  water,  treated  with 
excess  of  cold  barium  hydrate  solution,  and  the  barium  lake  thus 
formed  was  collected  and  washed  with  water  until  the  filtrate,  origin- 
ally blood-red,  was  but  slightly  coloured.  On  adding  hydrochloric 
acid  to  the  filtrate,  it  became  yellow  and  turbid,  and,  on  standing,  a 
small  quantity  of  a  pale  yellow,  flocculent  precipitate  separated ;  after 
pouring  off  as  much  of  the  clear  liquor  as  possible,  the  residue  was 
extracted  two  or  three  times  with  ether,  in  which  the  precipitate  dis- 
solved almost  completely.  On  evaporating  most  of  the  ether,  minute 
brownish  specks  began  to  separate,  and  were  collected  and  washed 
with  a  little  ether.  The  product  under  the  microscope  had  a  dis- 
tinctly crystalline  appearance,  and,  on  examination,  was  found  to 
consist  principally  of  two  substances  which  were  best  separated  by 
fractional  crystallisation  from  alcohol,  the  more  insoluble  being  then 
finally  purified  by  two  or  three  crystallisations  from  glacial  acetic 
acid.     Analysis  of  distinct  preparations  gave  the  following  numbers. 
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I.  0-0658  gave  0-155  CO^  and  0-0265  H^O.    C  =  64-23 ;  H  =  4-47. 
II.  0-1069     „     0-2530  „      „    0-0435     „        C  =  64-54;  H  =  4-52. 
CieHuOe  requires  C  =  64 ;  H  =  4  per  cent. 

These  analyses  do  not  accord  altogether  with  the  formula  given 
above,  but  as  it  is  somewhat  difficult  to  free  the  substance  from  the 
accompanying  product,  which  it  will  be  seen  later  gives  higher  num- 
bers, we  prefer  at  present  to  adopt  it.  The  amount  present  in  tho 
root-bark  is  exceedingly  small,  the  total  from  10  lbs.  of  the  root 
being  only  about  0-5  gram  of  the  purified  substance.  When  crystal- 
lised from  acetic  acid,  it  appears  as  beautiful,  orange-red  needles, 
somewhat  resembling  alizarin ;  when  slowly  heated,  it  melts  at  258°, 
and  at  higher  temperatures  sublimes  with  but  little  decomposition, 
yielding  red  needles  melting  in  a  similar  manner.  It  is  sparingly 
soluble  in  alcohol  and  ether,  more  readily  in  acetic  acid  and  cumene, 
and  crystallises  from  the  latter  in  minute,  stellate  groups.  With  cold 
sulphuric  acid,  it  yields  a  purple  solution  closely  resembling  an 
aqueous  solution  of  sodium  anthrapui-purate,  and  this  property 
readily  distinguishes  it  from  the  other  crystalline  products  found 
along  with  it.  When  heated  to  200°,  this  purple  solution  remains 
■unchanged,  so  that  this  substance  does  not  appear  to  contain  meth- 
oxy-groups.  On  adding  a  crystal  of  potassic  nitrate  to  the  sulph- 
uric acid  solution,  this  colour  changes  rapidly  to  orange- brown. 
Solutions  of  potassium  and  sodium  hydrates  and  ammonia  dissolve  it 
sparingly,  giving  orange-red  solutions  which  remain  unaltered  after 
long  boiling ;  it  is  also  sparingly  soluble  in  cold  baryta  water.  The 
red,  alkaline  solutions  on  boiling  with  a  trace  of  zinc  dust,  rapidly 
become  orange-yellow,  but  on  exposure  to  the  air  they  gradually 
rassume  their  original  tint,  showing  that  this  substance  contains  an 
anthraquinone  or  allied  group. 

In  order  to  convert  it  into  its  acetyl  compound,  it  was  boiled  with 
acetic  anhydride  for  six  hours ;  the  excess  of  anhydride  was  then 
decomposed  by  digestion  with  alcohol,  and  on  pouring  it  into  water 
a  lemon-yellow  precipitate  was  obtained,  which  was  purified  by  crys- 
tallisation from  methylic  alcohol.  As  thus  obtained,  it  appeared  as 
almost  colourless  needles,  having  a  beautiful  silky  lusti-e,  and  melting 
at  129 — 130°  ;  the  quantity  was  unfortunately  too  small  for  analysis. 
This  acetyl  compound  is  insoluble  in  cold  alkali  solutions,  but  is 
readily  decomposed  on  boiling  with  them,  yielding  an  orange-red 
liquid. 

In  its  appearance  and  many  of  its  properties,  this  substance  closely 
resembles  Cahu's  dimethylanthrachrysone  {Annalen,  240,  280), 
although  the  latter  melts  at  360°.  Judging  from  its  formula,  how- 
•ever,  it  may  possibly  be  an  isomeric  dimethylanthrachrysone. 
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Substance  of  the  Formula  Ci6HioOj.(A). 

On  evaporating  the  alcoholic  mother  liqnors  from  the  purification 
of  the  foregoing  substance,  a  crystalline  mass  was  deposited  consisting- 
principally  of  tufts  of  pale  yellow  needles,  but  interspersed  with  a 
small  quantity  of  the  substance  just  described.  By  careful  fractional 
crystallisation  from  methylic  alcohol,  however,  they  could  be  sepa- 
rated, and  the  substance  (A)  was  then  purified  by  two  or  three  crys- 
tallisations from  alcohol  with  the  aid  of  animal  charcoal.  Analyses 
of  distinct  preparations  gave  the  following  result. 

0-0889  gave  0-2202  CO2  and  0-0285  H2O.     C  =  67-55  ;  H  =  3-56. 

0-1256     „      0-3132        „        0-0413     „         C  =  68-01 ;  H  =  3-65. 

CieHioOs  requires  C  =  68-08 ;  H  =  3-54  per  cent. 

As  thus  obtained,  it  consists  of  a  mass  of  long,  lemon-yellow  needles 
devoid  of  lustre,  melting  at  198 — 199°,  and  yielding  a  sublimate  of 
long,  thin  leaflets  melting  at  200 — 201°.  It  is  readily  soluble  in  boiling 
alcohol,  but  only  sparingly  in  cumene,  from  which  it  crystallises 
readily.  It  is  only  sparingly  soluble  ii^  alkali  solutions  if  they  are  con- 
centrated, but  more  readily,  if  dilute,  giving  orange-red  solutions,  the 
colour  of  which,  on  boiling  with  zinc  dust,  changes  to  orange-yellow ; 
on  exposure  to  air,  however,  it  becomes  reddish-brown.  If  boiled  with 
strong  caustic  potash  solution,  the  orange-red  liquid  rapidly  changes 
to  reddish-brown,  and  red  flocks  are  deposited  on  neutralising  with 
an  acid.  On  extracting  these  with  ether,  in  which  they  are  very 
slightly  soluble,  and  evaporating  the  extract,  a  glistening  mass  of 
reddish  leaflets  is  obtained,  melting  at  200" ;  they  are  easily  distin- 
guished from  the  substance  CieHjoOs  by  their  very  slight  solubility  in 
alkalis,  as  well  as  the  reddish-brown  colour  of  these  solutions.  This 
reaction  renders  it  highly  probable  that  in  this  substance  there  is 
a  carboxyl-group  in  the  a-position,  which  is  removed  on  heating  at 
200°,  or  by  boiling  with  strong  alkali  solutions.  If  this  is  the  case, 
this  substance  probably  represents  a  hydroxymethylanthraquinone- 
carboxylic  acid,  and  its  decomposition  product  would  be  a  hydroxy- 
methylanthraquinone. 

Of  all  the  substances  isolated  from  the  root,  this  product  is 
perhaps  present  in  the  smallest  quantity,  not  more  than  0-4  gram 
of  pure  substance  having  been  obtained  altogether. 

Substance  of  the  Formula  CieHiaOj. 

The  main  ethereal  extract,  after  separation  of  the  previously- 
described  substances,  frequently  deposited  a  small  quantity  of  a 
crystalline,  lemon-yellow  precipitate  consisting  almost  entirely  of  the 
substance  CibHioOsCA),  and  which  could  be  obtained  pure  by  washing 
with  a  little  ether. 
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On  then  evaporating  the  filtrate  to  one-half  its  bulk,  and  allowing  it 
to  remain  for  a  time,  it  deposited  yellow  flocks,  which,  were  collected, 
well  washed  with  ether,  dissolved  in  boiling  absolute  alcohol,  and 
a  few  drops  of  strong  ammonia  added  to  the  hot  solution.  The  deep 
red  liquid  on  cooling  became  semi-solid,  owing  to  the  separation  of  a 
mass  of  bright,  crimson  needles ;  these  were  collected,  washed  with  a 
little  absolute  alcohol,  and  decomposed  with  acid  in  boiling  dilute 
alcoholic  solution.  The  brownish-yellow  precipitate  which  sepa- 
rated on  cooling,  was  washed,  dried,  again  converted  into  the  am- 
monium salt,  washed  with  alcohol,  and  decomposed  with  acid,  this 
treatment  being  repeated  until  it  crystallised  from  dilute  alcohol  in 
slender  needles  of  a  bright  lemon-yellow  colour. 

Analyses  of  distinct  preparations  gave  the  following  results. 

0-1165  gave  0-2907  CO2  and  0-0515  H2O.     C  =  6805 ;  H  =  4-91. 
0-1082     „     0-2668     „      „    0-0450     „         C  =  67-25;  H  =  4-62. 
0-0883     „     0-2195     „      „    0-0380     „         C  =  67-79;  H  =  4-78. 
C1CH12O5  requires  C  =  67-65;  H  =  4-22  per  cent. 

It  melted  at  171 — 173°,  but  at  higher  temperatures  carbonised,  yield- 
ing very  little  sublimate.  From  alcohol,  in  which  it  is  very  soluble^ 
it  is  deposited  in  rosettes  composed  of  very  minute  needles,  but  it  is 
best  crystallised  from  50  per  cent,  alcohol,  when  it  is  obtained  as  a 
tangled  mass  of  fine  needles.  Dilute  alkalis  dissolve  it,  forming 
blood-red  solutions  not  possessing  the  orange  tint  observed  in  the 
case  of  the  previously  described  compounds;  these  solutions,  on  long 
boiling,  do  not  undergo  decomposition.  "When  boiled  with  zinc  dust, 
they  assume  an  orange-yellow  tint,  but,  on  exposure  to  air,  the 
original  blood-red  colour  quickly  returns,  proving  that  the  substance 
contains  an  anthraqninone  or  allied  group.  As  previously  stated,  the 
ammonium  salt  is  readily  prepared  by  the  addition  of  ammonia  to  a 
boiling  solution  of  the  substance  in  alcohol,  and,  when  dried,  appears 
as  a  mass  of  beautiful,  silky,  crimson  needles.  This  salt  is  compara- 
tively stable,  remaining  unaltered  on  long  standing  over  sulphuric  acid,, 
and  may  even  be  dried  at  100°  with  but  little  alteration  ;  at  140°, 
however,  it  loses  I  mol.  of  ammonia,  as  was  proved  by  the  following 
estimations. 

0-3309  heated  at  140°  lost  0-0186  XH3.     NH3  =  5-62. 

0-5185         „  „        „    0-0295  NH3.     NH3  =  6-68. 

Ci6Hn05NH4  requires  NH3  =  5*64  per  cent. 

This  salt  is  almost  insoluble  in  cold  alcohol,  but  is  sparingly  soluble 
in  water. 

On  adding  lead  acetate  to  a  boiling  alcoholic  solution  of  the  sub- 
stance C16H12O5,  and  cooling,  a  lead  salt  is  deposited  as  an  orange- 
coloured   mass   of    fine,    silky    needles ;    unfortunately,    a    sufficient 
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quantity  could  not  be  obtained  for  analysis.  The  potassium  and 
sodium  salts  have  not  been  obtained  crystalline,  and  the  barium  salt 
is  thrown  down  as  an  amorphous  mass  on  adding  barium  chloride  to 
a  boiling  solution  of  the  ammonium  compound  in  dilute  alcohol. 
On  distilling  the  substance  with  zinc  dust,  a  crystalline  sublimate  of 
greenish  leaflets  is  formed ;  this,  on  oxidation  with  chromic  acid, 
yields  a  colourless,  semi-crystalline  product,  partly  soluble  in  boiling 
•dilute  ammonia.  It  consists  evidently  of  a  mixture  of  methylanthra- 
quinone,  anthraquinone,  and  anthraquinoncarboxylic  acid,  produced 
by  the  oxidation  of  methylanthracene,  probably  the  /3-compound. 

Action  of  Acetic  Anhydride  on  the  Substance  C16H12O5. — In  order  to 
convert  this  substance  into  its  acetyl  derivative,  it  was  boiled  for  six 
hours  with  excess  of  acetic  anhydride,  and  the  pale,  brownish-yellow 
solution  was  then  evaporated  to  a  small  bulk ;  the  addition  of  methylic 
alcohol  caused  the  deposition  of  a  crystalline  mass,  which  was  col- 
lected, washed  with  methylic  alcohol,  and  recrystallised  from  the 
same  solvent. 

0-1399  gave  0-3322  CO2  and  0-0530  H2O.     C  =  64-76;  H  =  4-20. 
Cx6Hio06(C2H30)2  requires  C  =  6521  ;  H  =  4-34  per  cent. 

It  crystallises  in  lemon-yellow  needles,  melting  at  148°,  sparingly 
soluble  in  cold  methylic  alcohol.  Ifc  is  not  affected  by  caustic  alkali 
solutions  when  cold,  but,  on  boiling  with  them,  it  is  decomposed, 
forming  a  red  solution,  containing  evidently  the  regenerated  substance 
C16H12O5. 

Action  of  Sydriodic  acid  on  the  Substance  C16H12O5. — When  the  com- 
pound CisHijOs  is  heated  with  sulphuric  or  hydrochloric  acid  at  150°, 
it  is  decomposed  with  formation  of  a  brownish  product,  attacked  with 
■difiiculty  by  solvents.  Several  attempts,  using  diluter  acids  and 
varying  the  temperature,  being  without  success,  and  as  the  quantity 
■of  substance  obtained  was  but  small,  an  examination  of  its  behaviour 
with  hydriodic  acid  was  made  in  Zeisel's  apparatus,  with  the  following 
result. 

0-1495  gave  0-1082  Agl  equivalent  to  4-62  per  cent.  OCH3  groups. 
Ci6H904*OCH3  requires  5-28  per  cent.  OCH3  groups. 

The  substance  C16H12O5  is  therefore  a  monomethyUc  ether  of  a  tri- 
hydroxymethylanthraquinone .  The  isolation  of  the  parent  substance 
will  be  reattempted  when  larger  quantities  of  the  methylic  ether  are 
obtainable. 

The  amraoniacal  filtrates  obtained  during  the  purification  of  the 
substance  CieHuOe  (p.  861)  were  neutralised  with  acid  and  diluted 
with  water  ;  this  caused  the  separation  of  a  brownish,  semi- crystalline 
precipitate,  mixed  with  some  resinous  product,  from  which  it  could 
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only  be  freed  with  difficulty.     It  contained  certainly  a  distinct  sub- 
stance, which  it  is  hoped  to  examine  at  some  future  tim^. 

Substance  of  the  Formula  O15H10O4. 

The  main  ammoniacal  filtrate  obtained  during  the  isolation  of  the- 
substance  Ci6Hi205  (p.  861)  was  neutralised  with  acid,  and  the  result- 
ing brownish-yellow,  amorphous  precipitate  collected,  washed,  and 
dried.  It  was  found  on  examination  to  consist  chiefly  of  one  sub- 
stance, which,  as  it  was  only  slightly  soluble  in  cumene,  could  be- 
readily  separated  from  its  accompanying  impurities  by  dissolving  it 
in  the  boiling  solvent  with  the  addition  of  animal  charcoal,  filtering- 
and  allowing  it  to  cool,  when  a  yellowish,  semi-crystalline  substance 
separated.     This  was  recrystallised  two  or  three  times  and  analysed. 

0-0795  gave  0-2054  CO2  and  00320  H^O.     C  =  70-46 ;  H  =  4-47, 

0-1101     „     0-2842       „         0-0450     „         C  =  70-40 ;  H  =  4-54. 

C15H10O4  requires  C  =  70-86 ;  H  =  3-97  per  cent. 

It  consists  of  a  glistening  mass  of  fine,  yellow  needles,  melting  at 
269°,  readil)'-  subliming  in  long,  thin  leaflets  which  melt  at  the  same- 
temperature  ;  the  latter  property  is  characteristic  of  this  substance. 
It  is  sparingly  soluble  in  benzene,  ether,  and  cumene,  but  more  so  in 
alcohol  and  acetic  acid,  crystallising  from  the  latter  in  fine  neediest- 
Solutions  of  the  alkali  hydrates  dissolve  it,  forming  yellowish-red 
solutions  which  are  not  altered  by  prolonged  boiling.  On  adding 
zinc  dust  they  become  orange-yellow,  but  resume  their  original  tint 
on  exposure  to  the  air.  When  distilled  with  zinc  dust,  it  yields  a 
sublimate  of  greenish  leaflets,  which,  after  crystallisation  from  acetia 
acid,  melt  at  196°,  and  consist  evidently  of  /3-methylanthracene,  a  fact 
also  borne  out  by  the  behaviour  of  this  product  with  chromic  acid  in^ 
glacial  acetic  acid  solution. 

Action  of  Acetic  Anhydride  on  the  Substance  C15H10O4. — The  acetyl 
derivative  was  prepared  by  digesting  it  with  boiling  acetic  anhydride 
for  six  hours,  and  after  decomposing  the  excess  of  anhydride  by 
means  of  alcohol,  pouring  the  solution  into  water;  the  lemon-yellow 
precipitate  thus  produced  was  collected,  crystallised  from  alcohol,  and 
analysed. 

00532  gave  0-1312  CO2  and  0-0220  H2O.     C  =  67-25 ;  H  =  459. 
Ci5H804(C2H30)2  requires  C  =  6745  ;  H  =  414  per  cent. 

It  crystallises  in  yellow  needles,  melting  at  165 — 167°,  insoluble  in 
cold  alkaline  solutions,  but  dissolving  and  decomposing  when 
boiled  with  them,  yielding  an  orange-red  liquid.  The  substance 
C15H10O4  is  therefore  a  dihydroxymethylanthraquinone,  and,  as  stated 
in  the  introduction,  is  evidently  identical  with  that  having  the  con- 
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OH 
stitution         II          I       (        (Marclilewski,Trans.,  1893,  63, 1142), 

which  melts  at  267°,  and  its  diacetyl  compound  at  166 — 167°.  The 
very  slight  discrepancy  in  the  melting  points  between  the  substance 
here  described  and  that  of  Marchlewski,  is  readily  accounted  for  by 
the  fact  that  very  small  quantities  of  this  substance  exist  in  the  root, 
and  that  the  necessary  purifications  have  to  be  therefore  curtailed  as 
far  as  possible.  The  fact  that  the  substance  is  a  /3-methylanthracene 
derivative  is  of  importance,  as  it  adds  to  the  other  observed  facts  a 
reasonable  probability  that  morindone,  together  with  the  principal 
substances  here  described  as  yielding  a  hydrocarbon  on  distillation 
with  zinc  dust,  are  derivatives  of  ^-methylanthracene  rather  than  of 
the  a-compound. 

The  residual  ethereal  mother  liquors  obtained  during  the  separa- 
tion of  the  preceding  substances  were  evaporated  to  dryness,  and 
the  resinous  mass  left  was  dissolved  in  hot  alcohol.  On  adding 
ammonia  and  cooling,  a  small  quantity  of  the  ammonium  salt  of  the 
trihydroxymethylanthraquinone  methylic  ether  previously  described 
separated.  Examination  of  the  filtrate  from  this,  after  it  had  been 
neutralised  with  acid,  showed  that  it  contained  a  distinct  substance 
crystallising  from  dilute  alcohol  in  minute  lemon-yellow  needles; 
this  will  be  further  examined  when  a  larger  quantity  of  raw  material 
is  to  hand. 

Treatment  of  the  Residual  Barium  Precipitate  with  Boiling  Water. 

The  main  precipitate  resulting  from  the  alcoholic  extraction,  after 
it  had  been  exhausted  with  cold  baryta  water  for  the  preparation  of 
the  various  yellow  substances  previously  described,  was  boiled  with 
water ;  in  this  way  a  further  quantity  of  a  blood-red  extract  was 
obtained,  from  which,  on  neutralising  with  acid  and  cooling,  brownish- 
yellow  flocks  separated  in  quantity.  These  were  collected,  extracted 
with  ether,  the  ethereal  solution  reduced  in  bulk  by  evaporation,  and 
the  small  quantity  of  crystalline  matter  which  deposited  on  cooling 
was  collected.  On  examination,  this  was  found  to  consist  chiefly  of 
two  substances  readily  separated  from  each  other  by  crystallisation 
from  acetic  acid,  the  less  soluble  proving  to  be  the  substance 
C16H12O6  previously  described. 

Substance  of  the  Formula  Ci6Hio06(B). 

The  acetic  acid  mother  liquors  from  the  crystallisation  of  the  sub- 
stance mentioned  in  the  preceding  paragraph,  when  diluted  with 
water,  yielded  an  orange-yellow  precipitate;  this  was  collected  and 
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crystallised  from  a  large  quantity  of  alcoliol,  in  whicli  it  was  very 
sparingly  soluble. 

An  analysis  gave  tlie  following  result. 

0-0855  ffave  0-214  CO^  and  0-03  H^O  ;  C  =  68-26 ;  H  =  389. 
CieHioOs  requires  C  =  68-08 ;  H  =  3-54  per  cent. 

This  substance  crystallises  in  groups  of  minute  needles,  melting  at 
208°,  and  subliming  readily  at  higher  temperatures ;  though  similar 
in  many  of  its  properties  to  the  substance  Ci6Hio05(A),  it  is  readily 
distinguished  from  it  by  its  sparing  solubility  in  alcohol.  Solutions 
of  the  alkali  hydrates  dissolve  it  with  an  orange-red  coloration.  On 
adding  strong  alkali  to  these  hot  solutions  aad  allowing  them  to  cool, 
a  crystalline  salt  separates  in  fine  orange-red  needles.  When  boiled 
for  some  minutes  the  alkaline  solutions,  if  very  strong,  are  gradually 
decomposed,  becoming  purple,  and  yielding  an  orange  precipitate  on 
neutralisation  with  acid.  By  extracting  this  with  ether,  evaporating 
to  a  small  bulk,  and  crystallising  the  residue  from  acetic  acid,  a  mass 
of  orange-red  needles  was  obtained  resembling  alizarin  in  appearance. 
This  substance  melted  at  218°,  dissolved  in  sulphuric  acid  with  a 
reddish-brown  colour,  and  dyed  mordanted  calico,  though  with  some 
difficulty,  giving  shades  of  the  alizarin  type.  The  formula  of  this 
substance  agrees  with  that  required  for  hydroxymethylanthraqainone- 
carboxylic  acid,  and  should  this  be  so,  this  colouring  matter  would 
be  either  a  methylalizarincarboxylic  acid  or  a  methylalizarin. 

The  ethereal  mother  liquor,  from  which  the  two  substances  above 
mentioned  had  separated,  was  evaporated,  and  the  residue,  when  dis- 
solved in  alcohol  and  treated  with  ammonia,  yielded  a  small  quantity 
of  the  ammonium  salt  of  the  substance  Ci6H,205  previously  described. 
The  ammoniaeal  filtrate  was  neutralised  with  acetic  acid,  lead  acetate 
added,  and  the  small  quantity  of  dirty  brown  precipitate  which 
formed  was  filtered  off  ;  the  orange-coloured  filtrate  was  then  treated 
with  ammonia  so  long  as  the  precipitate  at  first  formed  dissolved  on 
boiling.  On  cooling,  a  small  quantity  of  a  scarlet  lead  salt  separated, 
this  was  collected  and  treated  with  acid,  but  the  brown,  somewhat 
resinous  precipitate  produced  was  too  small  for  investigation. 

After  neutralising  the  filtrate  from  the  above  lead  salt  with  acetic 
acid,  it  was  poured  into  water,  and  the  resulting  orange-coloured 
precipitate  collected,  dried,  and  dissolved  in  a  very  small  quantity  of 
boiling  methylic  alcohol.  On  adding  ammonia  and  cooling,  a  crystal- 
line ammonium  salt  was  deposited ;  this  was  collected  and  decomposed 
with  acid,  and  the  product  purified  by  crystallisation  from  cumene 
with  the  aid  of  animal  charcoal.  On  analysis  0*0534  gram  of  this 
product  gave  C  =  6931  per  cent.,  H  =  4-09  per  cent.,  but,  until  more 
is  obtainable,  we  hesitate  to  rely  an  these  numbers. 
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It  crystallises  in  orange-red  needles,  melting  at  281°,  a  melting 
point  considerably  higher  than  that  of  any  of  the  substances  pre- 
viously described.  It  dissolves  in  alkalis,  forming  crimson  solutions 
which  do  not  alter  in  colour  on  boiling,  and  with  zinc  dust  give  the 
anthraquinone  reaction.  The  ammonium  salt  forms  orange-red 
needles,  and  the  sodium  and  potassium  salts  are  obtained  from  their 
hot  concentrated  solutions,  on  cooling,  in  the  form  of  minute  needles 
of  a  similar  colour.    It  is  hoped  to  further  investigate  this  substance. 

The  alkaline  mother  liquor  from  the  ammonium  salt  was  found,  on 
examination,  to  contain  principally  the  dihydroxymethylanthra- 
quinone,  melting  at  269°,  previously  described. 

The  GhloTogenin  Liquors. 

The  filtrate  obtained  by  diluting  the  main  alcoholic  extract  of  the 
mang-koudu  with  water,  and  removing  the  precipitate  so  formed 
(p.  858),  was  evaporated  to  a  small  bulk.  During  the  evaporation 
a  quantity  of  dark  green  precipitate  separated,  and  was  found  to 
consist  of  chlororubin  (loc.  cit.)  ;  its  formation  at  this  point  is  no 
doubt  due  to  the  decomposition  of  the  chlorogenin  present  by  the 
free  acid  extracted  from  the  root,  in  which  it  is  contained  in  some 
quantity,  and  which  has  become  concentrated  here. 

The  orange-brown  liquid  was  twice  extracted  with  ether,  and  the 
ethereal  extract  evaporated.  As  this  proceeded,  a  pale  yellow  preci- 
pitate gradually  separated,  and,  on  cooling,  a  pasty  mass  was  obtained 
which  appeared  amorphous  under  the  microscope.  It  was  collected, 
dissolved  in  alcohol,  treated  with  lead  acetate,  the  brownish-violet 
precipitate*  produced  was  filtered  off,  and  the  filtrate  evaporated  to 
a  small  bulk.  On  cooling,  an  orange-coloured  lead  salt  separated  ;  it 
was  collected,  washed  with  alcohol,  and  decomposed  with  acid.  The 
resulting  pale  yellow  precipitate,  after  being  crystallised  two  or 
three  times  from  cumene,  appeared  as  minute  needles,  which  proved 
to  be  identical  with  the  dihydroxymethylanthraquinone  melting  at 
269°,  previously  described.  The  chlorogenin  liquors  from  mang- 
koudu  form  the  best  source  of  this  substance,  though  the  product 
thus  obtained  is  somewhat  difiicult  to  purify. 

Bubichloric  acid. — The  residual  aqueous  liquors,  after  extraction 
with  ether,  were  evaporated  to  dryness,  by  which  means  a  brownish, 
treacly  mass  was  obtained,  exhibiting  the  characteristic  reactions  of 
Rochleder's  rubichloric  acid  (loc.  cit.),  of  which  it  chiefly  consisted. 

Residue  Insoluble  in  Baryta  Water. 

The  pnrplish-red  mass  remaining  after  extraction  with  hot  water 
(p.  864)  was  suspended  in  hot  water,  and  neutralised  with  acetic 
*  This  lead  precipitate  consisted  chiefly  of  the  lead  salt  of  morindone. 
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acid  ;  wlieii  cold,  the  brownish  precipitate  was  collected,  well  washed, 
and  allowed  to  drain  for  several  days  upon  a  porous  plate.  It  was 
then  ground  to  a  thin  cream  with  methylated  spirit,  digested  at  the 
boiling  point  with  a  large  quantity  of  the  same  solvent,  and  finally 
treated  with  much  animal  charcoal  and  filtered.  On  cooling,  the 
solution  deposited  a  reddish,  orange-coloured  mass,  which  was  col- 
lected, and  then  extracted  with  successive  small  quantities  of  boiling 
alcohol,  until  the  residue  was  pale  yellow.  This,  after  two  or  three 
crystallisations  from  dilute  alcohol,  was  obtained  in  hair-like  needles 
having  all  the  properties  of  morindin. 

Morindone. — The  alcoholic  extracts  from  the  purification  of  the 
morindin,  on  cooling,  deposited  a  flocculent,  red  precipitate,  which 
was  collected,  drained,  and  then  digested  with  boiling  toluene.  On 
treating  the  toluene  solution  with  boiling  dilute  caustic  soda,  a  violet- 
coloured  extinct  was  obtained,  and,  on  neutralising  this  with  acid, 
orange-red  flocks  were  precipitated,  which  were  collected,  washed, 
and  dried  ;  these  when  crystallised  from  cumene  gave  orange-red 
needles  consisting  of  morindone.  The  amount  of  morindone  thus 
found  to  be  present  in  the  free  state  in  the  root,  though  small,  is  con- 
siderably  larger  than  that  of  the  free  alizarin  in  chay  root. 

Colourless  Crystalline  Wax  of  the  Formula  C18H28O. 

The  main  alcoholic  filtrate,  on  being  concentrated  to  one-half  its 
balk,  deposited  a  further  quantity  of  crude  morindone  ;  this  was 
filtered  off,  and  the  filtrate  allowed  to  stand  in  an  open  vessel  for 
some  days,  when  colourless  nodules  separated  along  with  some 
gummy  matter;  these  were  collected  and  crystallised  several  times 
from  methylic  alcohol  with  the  aid  of  animal  charcoal. 

A  further  quantity  was  obtained  in  the  following  manner  : — The 
alcoholic  filtrate  was  evaporated  to  a  small  bulk,  ether  was  then  added, 
and  after  washing  the  mixture  with  water,  the  ethereal  solution  was 
shaken  up  with  dilute  caustic  soda.  After  the  lapse  of  24  hours,  the 
violet- coloured  alkaline  liquid*  was  separated  from  the  ether,  and 
the  latter  evaporated  to  dryness,  when  an  almost  colourless,  oily 
residue  was  left,  having  a  pungent,  acrid  odour ;  this  was  dissolved 
in  a  little  boiling  methylic  alcohol,  and  the  crystalline  precipitate, 
which  separated  on  standing,  was  recrystallised  two  or  three  times 
from  the  same  solvent. 

An  analysis  of  the  product  dried  at  110°  gave  the  following  result. 

00987  gave  OSOl  CO2  and  0098  H^O.     C  =  83-17 ;  H  =  11-02. 
CisHseO  requires  C  =  8308.     H  =  10-75  per  cent. 

*  This  consisted  chiefly  of  a  solution  of  the  sodium  salt  of  morindone. 
VOL.   LXV.  3   P 
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It  consisted  of  a  mass  of  beautifal,  colourless  needles  resembling 
pure  phenanthrene  in  appearance,  melting  at  124 — 125°  ;  at  higher 
temperatures,  it  distils  with  little  apparent  decomposition.  The 
quantity  present  in  the  root  is  exceedingly  small. 

On  evaporating  the  mother  liquors  obtained  during  the  purification 
of  the  "wax,  an  oily  mass  was  obtained  having  the  peculiar  acrid  odour 
previously  mentioned,  but  the  quantity  was  too  small  for  examina- 
tion. It  appears  to  closely  resemble  the  similar  substance  present  in 
chay  root  and  madder. 

The  residual  root  which  had  been  extracted  with  alcohol  was  still 
yellow,  and,  as  was  to  be  expected,  owing  to  the  very  slight  solu- 
bility of  morindin  in  alcohol,  it  contained  a  considerable  quantity 
of  this  substance,  which  could  be  removed  by  boiling  with  water  or 
with  dilute  alcohol.  By  treatment  also  with  hot  baryta  water,  a  small 
further  quantity  of  the  yellow  substances  could  be  extracted,  but 
their  examination  must  be  postponed  until  much  larger  quantities  of 
root  are  available  for  treatment. 

Dyeing  Properties  of  Mang-Koudu. 

The  chief  published  references  to  the  dyeing  properties  of  this 
dye-stulf  are  those  of  Gonfreville,  and  of  Messrs.  Schwartz  and 
Kochlin,  mentioned  at  the  beginning  of  this  paper.  The  former  ob- 
tained from  it,  by  the  aid  of  suitable  mordants,  orange,  red,  and  dark 
colours,  whilst  the  latter  found  it  to  possess  properties  similar  to  those 
of  madder,  mungeet,  and  morinda  root,  and,  as  with  the  lattei",  in 
consequence  of  the  presence  of  certain  acid  principles,  it  was  found 
necessary  to  add  to  the  dye-bath  30  per  cent,  of  sodium  carbonate,  in 
order  to  obtain  good  results.  The  other  authors  mentioned,  Barcroffc, 
Wardle,  and  Murray,  all  speak  of  the  root  of  Morinda  unibellata  as  a 
yellow  dye- stuff. 

Our  experiments  in  dyeing  show  that  wool  and  silk  when  boiled 
with  a  decoction  of  mang-koudu,  with  the  addition  of  a  little  acetic 
acid,  acquire  more  or  less  rich  orange  and  yellow  colours,  due  to  the 
morindin,  but  these  are  of  little  or  no  value,  as  they  are  at  once 
turned  red  by  alkalis. 

On  mordanted  cotton,  it  is  also  practically  impossible  to  obtain  any 
useful  result  so  long  as  the  dye  stuff  is  applied  in  its  ordinary  con- 
dition. If,  however,  the  ground  mang-koudu  is  washed  by  steeping 
it  in  10  times  its  weight  of  cold  water  for  two  or  three  hours,  then 
collected,  and  this  treatment  repeated  two  or  three  times,  its  dyeing 
properties  are  unmasked  and  rendered  normal.  By  this  treatment, 
the  root,  like  madder  and  chay-root,  loses  about  70  per  cent,  of  its 
weight,  there  being  removed  saline  matter,  free  acid  (loc.  cit.),  chloro- 
genin,  the  so-called  pectic  matter,  and   a  large  quantity  of  certain 
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ibstances  aboat  which  little  is  known,  but  which,  probably,  are  of  a 
agary  or  gummy  nature.  Whether  one  or  all  of  these  interfere  with 
<he  dyeing  operation  has  not  as  yet  been  determined.  It  is  probable 
rhat  most  of  them  exert  a  more  or  less  deleterious  influence. 

After  this  preliminary  washing  treatment,  mang-koudu  may  be 
applied  in  silk,  wool,  and  cotton  dyeing,  exactly  in  the  same  way  as 
madder,  it  being  merely  desirable  to  add  to  the  dye  bath  1 — 1'5  per 
cent,  sodium  carbonate  or  chalk,  in  order  to  obtain  darker  or  fuller 
colours. 

On  stripe-printed  calico  containing  the  usual  aluminium  and  iron 
mordants,  it  gives  colours  fast  to  soap  and  generally  similar  in 
appearance  to  those  obtained  by  the  use  of  madder ;  the  reds  and 
pinks  appear  yellower,  the  lilacs  darker  and  redder  in  hue,  and  the 
chocolates  darker  and  duller  than  the  corresponding  madder  colours. 

On  Turkey-red  oil  prepared  calico,  it  gives  with  aluminium 
mordant  a  bright  orange-red  or  scarlet,  with  chromium,  a  full  rich 
chocolate,  and,  with  iron,  colours  ranging  from  dull  purple  to  black. 

On  wool  and  silk  mordanted  according  to  the  usual  methods,  it 
gives  a  good  chocolate-brown  with  chromium,  orange-red  with 
aluminium,  bright  orange  with  tin,  and  dark-purple  or  black  with  iron. 

All  these  colours  are  fast  to  the  operations  of  soaping,  milling,  and 
scouring,  and  with  respect  to  the  action  of  light,  their  behaviour 
towards  it  is  now  being  tested  ;  we  shall  not  be  surprised,  however, 
to  find  that  they  are  quite  equal  to  the  mxdder  colours  in  this 
respect. 

In  conclusion  we  may  say  that  the  dyeing  properties  of  mang- 
koudu  are  practically  identical  with  those  of  morinda-root,  with  which 
it  is  so  closely  related  both  botanically  and  chemically. 

Glothworhers'  Research  Laboratory, 
Dyeing  Department, 

Yorkshire  College. 
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substances  about  which  little  is  known,  but  which,  probably,  are  of  a 
sugary  or  gummy  nature.  Whether  one  or  all  of  these  interfere  with 
the  dyeing  operation  has  not  as  yet  been  determined.  It  is  probable 
that  most  of  them  exert  a  more  or  less  deleterious  influence. 

After  this  preliminary  washing  treatment,  mang-koudu  may  be 
applied  in  silk,  wool,  and  cotton  dyeing,  exactly  in  the  same  way  as 
madder,  it  being  merely  desirable  to  add  to  the  dye  bath  1 — 1-5  per 
cent,  sodium  carbonate  or  chalk,  in  order  to  obtain  darker  or  fuller 
colours. 

On  stripe-printed  calico  containing  the  usual  aluminium  and  iron 
mordants,  it  gives  colours  fast  to  soap  and  generally  similar  in 
appearance  to  those  obtained  by  the  use  of  madder ;  the  reds  and 
pinks  appear  yellower,  the  lilacs  darker  and  redder  in  hue,  and  the 
chocolates  darker  and  duller  than  the  corresponding  madder  colours. 

On  Turkey-red  oil  prepared  calico,  it  gives  with  aluminium 
mordant  a  bright  orange-red  or  scarlet,  with  chromium,  a  full  rich 
chocolate,  and,  with  iron,  colours  ranging  from  dull  purple  to  black. 

On  wool  and  silk  mordanted  according  to  the  usual  methods,  it 
gives  a  good  chocolate-brown  with  chromium,  orange-red  with 
aluminium,  bright  orange  with  tin,  and  dark-purple  or  black  with  iron. 

All  these  colours  are  fast  to  the  operations  of  soaping,  milling,  and 
scouring,  and  with  respect  to  the  action  of  light,  their  behaviour 
towards  it  is  now  being  tested ;  we  shall  not  be  surprised,  however, 
to  find  that  they  are  quite  equal  to  the  madder  colours  in  this 
respect. 

In  conclusion  we  may  say  that  the  dyeing  properties  of  mancr. 
koudu  are  practically  identical  with  those  of  morinda-root,  with  which 
it  is  so  closely  related  both  botanically  and  chemically. 


LXVIII. — Fhenylnaphthaleiies.      II.  fi-Fhenyhiaphtha- 

lene. 

By  F.  D.  Chattaway,  B.A.,  Christ  Church,  and  W.  H.  Lewis,  B.A., 

Jesus  College,  Oxford. 

Thk  present  paper  is  a  continuation  of  a  research  undertaken  by  one 
of  us  (Trans.,  1893,  63,  1185)  with  the  intention  of  synthetically 
ascertaining  the  constitution  of  the  two  possible  phenylnaphthalenes^ 
this  being  of  some  importance  on  account  of  its  bearing  on  the  con- 
stitution of  higher  members  of  the  phenanthrene  series. 

Although  phenylnaphthalene  has  been  obtained  in  several  different 
ways,  yet  its  constitution  has  not  hitherto  been  established.  The 
hydrocarbon  was  first  prepared  by  "Watson  Smith  (Trans.,  1881,  39, 
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546)  by  passing  a  mixture  of  bromobenzene  and  naphthalene  vaponv 
through  a  red-hot  combustion  tube.  It  has  also  been  obtained  by 
Zincke  and  Breuer  (Annalen,  226,  23)  by  the  dehydration  and  con- 
densation of  styrolene  alcohol  under  the  influence  of  sulphuric  acid  ; 
by  Bamberger  and  Chattaway  (Ber.,  1893,  1745)  by  distilling  chry- 
senequinone  or  ^-phenylnaphthalenecarboxylic  acid  with  soda  lime  ; 
and  by  Mohlaa  and  Berger  by  the  action  of  solid  diazobenzene  chloride 
on  naphthalene  in  presence  of  aluminium  chloride  (Ber.,  1893,  1196). 
These  methods,  however,  give  no  information  as  to  the  constitution 
of  the  hydrocarbon. 

In  the  course  of  the  investigation,  many  synthetical  methods  have 
been  tried,  but  only  one  has  yielded  the  expected  result,  although 
several  interesting  transformations  have  been  effected. 

yS-Phenylnaphthalene  can  be  synthesised  by  allowing  sodium  to  act 
at  about  140°  on  a  mixture  of  chlorobenzene  or  bromobenzene,  and  /3- 
chloronapthalene  or  y8-bromonaphthalene  dissolved  in  xylene.  A  good 
yield,  however,  cannot  be  obtained,  although  it  is  much  improved  by 
the  addition  of  a  small  quantity  of  ethylic  acetate.  Besides  diphenyl 
and  /3/3-dinaphthyl,  a  very  large  quantity  of  a  brown,  tarry,  high- 
boiling  substance  is  formed ;  this,  however,  is  soluble  in  xylene ;  a 
chocolate-brown  substance  insoluble  in  xylene,  similar  to  that  formed 
so  largely  by  the  action  of  sodium  under  similar  conditions  on  a- 
chloronaphthalene  or  a-bromonaphthalene,  being  only  formed  in  very 
small  amount.  The  use  of  the  liquid  alloy  of  sodium  and  potassium 
in  place  of  sodium  gave  no  better  result. 

/3-Chloronaphthalene  and  chlorobenzene  were  found  most  advan- 
tageous to  vrork  with  on  account  of  their  easy  production,  compara- 
tively large  quantities  having  to  be  used  to  obtain  a  sufficient  amount 
of  material.  It  is  difficult  to  isolate  the  /5-phenylnaphthalene  from 
the  tarry  product,  and  Zincke's  failure  to  obtain  the  hydrocarbon  by 
the  action  of  sodium  on  /3-iodonaphthalene  and  bromobenzene  was 
probably  due  to  his  having  worked  with  too  small  a  quantity  of 
material.  The  formation  of  the  isodinaphthyl  melting  at  about  187° 
in  the  interaction  is  interesting  as  affording  the  first  direct  evidence 
of  its  constitution,  and  the  authors  hope  later  to  communicate  a 
paper  to  the  Society  on  this  subject. 

The  action  of  ;3-chloronaphthalene  and  /3-bromonaphthalene  on  ben- 
zene in  presence  of  excess  of  aluminium  chloride  has  also  been  tried ; 
the  a-compound  is  apparently  exclusively  formed,  together  with  large 
quantities  of  tarry  matter ;  no  crystallisable  substance  could  be 
isolated  from  the  product.  When  the  aluminium  chloride  is  in  large 
excess,  and  the  action  continued  until  no  further  evolution  of  acid 
fumes  is  observed,  a-phenylnaphthalene  is  formed  in  small  amount, 
together  with  large  quantities  of  tar,  whilst,  if  the  action  is  not  con- 
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tinued  so  long,  or  if  smaller  quantities  of  aluminium  chloride  iare 
■used,  much  of  the  /3-  is  converted  into  the  a-halogen  derivative,  and 
the  formation  of  higher  substituted  naphthalene  derivatives  appears 
to  take  place. 

The  action  of  ^-naphthol  on  benzene  in  presence  of  aluminium 
chloride  also  yields  onlj  a-phenylnaphthalene  ;  no  action  ensues  even 
after  prolonged  heating,  in  presence  of  zinc  chloride. 

The  formation  of  a-phenylnaphthalene  instead  of  /3-phenylnaph- 
thalene  appeared  singular,  in  view  of  Roux's  statement  (Ann.  Ghim. 
Phys.,  [6],  12,  289)  that  the  tendency  is  to  the  formation  of  yS-de- 
rivatives  in  such  interactions,  and  that  a-bromonaphthalene  can  be 
converted  into  /3-bromonaphthalene,  to  the  extent  of  40  per  cent.,  by 
means  of  small  quantities  of  aluminium  chloride.  We  repeated  this 
experiment  under  somewhat  different  conditions,  resembling  more 
nearly  those  of  onr  own  experiments,  but  were  unable  to  isolate  any 
crystalline  substance  from  the  product ;  the  action  appeared  to  be  a 
very  complicated  one,  torrents  of  acid  fumes  being  evolved  and  tarry 
-matters  formed. 

The  action  of  aluminium  chloride  on  /3-chloronaphthalene  was  also 
tried ;  here,  too,  the  action  is  very  violent  and  complex,  torrents  of 
hydrogen  chloride  being  evolved  on  warming,  the  mass  frothing  up, 
and  forming  a  black,  tarry  foam,  from  which  nothing  can  be  isolated 
but  a  very  small  amount  of  liquid  substance  of  high-boiling  point. 

The  effect  of  heating  a-phenylnaphthalene  was  also  tried,  but 
•without  result ;  tarry  substances  were  formed,  from  which  no  definite 
crystalline  compound  could  be  isolated.  We  were,  however,  only 
able  to  work  with  a  few  grams  of  material,  and  hope  again  to  study 
these  interactions,  as  there  is  great  difl&culty  in  isolating  any  single 
constituent  from  the  tarry  products,  and  large  quantities  of  material 
have  to  be  used. 

Action  of  Sodmrn  on  a  Mixture  of  p-GhloronapMlialene  and   Chloro- 

benzene. 

y3-Chloronaphthaleneand  about  Ij  times  the  equivalent  quantity  of 
chlorobenzene  were  dissolved  in  dry  xylene  boiling  at  140 — 145",  and 
an  excess  of  sodium,  cut  into  very  thin  shavings  under  xylene,  was 
added.  On  heating,  the  sodium  became  covered  with  a  brownish-red 
deposit,  which,  however,  could  readily  be  shaken  from  the  small 
globules  of  molten  metal  when  the  boiling  point  of  the  xylene  was 
reached.  The  mixture  was  kept  at  gentle  ebullition  in  an  oil  bath 
during  about  12  hours,  the  flask  being  briskly  shaken  at  intervals 
and  a  little  more  sodium  added  near  the  end  of  the  operation.  The 
liquid  portion  was  then  filtered  while  hot  to  separate  it  from  the 
.excess  of  sodium,  sodium  chloride,  and  broWn  matter.     The  latter, 
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having  been  separated  mechanically  from  the  globules  of  sodium, 
was  washed  and  dried  ;  it  then  formed  a  light  brown,  earthy  looking 
powder,  insoluble  in  xylene,  alcohol,  or  water,  which  decomposed, 
evolving  gas  when  strongly  heated.  The  xylene  was  distilled  from 
the  brown  filtrate  and  the  residue  subjected  to  fractional  distillation. 
As  the  temperature  rose  to  218 — 230°,  a  little  naphthalene  distilled, 
then  at  about  254°  a  considerable  quantity  of  diphenyl,  together 
with  a  little  /3-chloronaphthalene;  between  300°  and  380°,  the  distillate 
consisted  chiefly  of  y3-phenylnaphthalene,  and  when  the  temperature 
was  raised  considerably  above  400°  a  little  /3/3-dinaphthyl  passed 
over.  The  dinaphthyl  was  recrystallised  from  absolute  alcohol  and 
melted  about  187°,  resembling  in  solubility  and  general  character- 
istics the  isodinaphthyl  of  Watson  Smith. 

The  substance  distilling  between  300°  and  380°  was  refractionated, 
and  the  portion  boiling  near  to  345°  was  dissolved  in  alcohol,  boiled 
with  animal  charcoal  and  crystallised.  It  was  finally  distilled  by 
means  of  superheated  steam,  and  recrystallised  from  alcohol  until  it 
melted  constantly  at  101  "5°.  A  yield  of  from  2  to  3  per  cent,  of  the 
weight  of  ^-chloro naphthalene  used  was  obtained.  It  was  found 
very  advantageous  to  add  ethylic  acetate  in  the  proportion  of  about 
one-twentieth  of  the  weight  of  /3-chloronaphthalene  used,  the  yield 
being  thus  increased  to  about  12  per  cent,  of  the  theoretical. 

The  action  of  sodium  on  bromobenzene  and  /3-chloronaphthalene, 
and  on  bromobenzene  and  yS-bromonaphthalene  yields  exactly  similar 
results.  The  liquid  alloy  of  sodium  and  potassium  was  also  tried  in 
place  of  sodium,  but  although  it  could  be  more  easily  freed  from  the 
crust  of  brown  substance  which  is  always  formed,  it  was  not  found  to 
be  of  any  special  advantage. 

^-Phenylnaphthalene,  obtained  as  above  described,  forms  small, 
pearly  leaflets  melting  at  101*5^.  It  is  easily  soluble  in  benzene  and 
its  homologues,  and  in  glacial  acetic  acid,  less  readily  soluble  in  hot 
alcohol,  ether,  and  chloroform.  It  volatilises  slightly  with  steam,  but 
several  days  are  required  to  distil  a  few  grams.  It  boils  without 
decomposing  at  about  345 — 346°,  and  has  a  very  faint  aromatic  odour. 
Two  combustions  of  the  hydrocarbon  were  made,  I  prepared  syn- 
thetically, II  obtained  from  chrysene. 

I.  0-2329  gave  0-8022  CO2  and  0-1250  H.O.     C  =  93-94  ;  H  =  5-97. 

II.  0-1255     „     0-4333        „       00689     „         C  =  9416  ;  H  =  6-11. 

CisHn  requires  C  =  9410  ;  H  =  5-89  per  cent. 

Graebe  made  two  determinations  of  the  vapour  density  of  the 
hydrocarbon  prepared  from  chrysene,  using  a  bath  of  sulphur  vapour, 
and  obtained  numbers  agreeing  closely  with  the  theoretical  (7-07) 
but  slightly  too  high  (7-26 — 7-35),  his  hydrocarbon,  as  shown  by  its 
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melting  point,  not  having  been  completely  freed  from  other  more 
complicated  compounds  formed  at  the  same  time. 

Smith  and  Takamatsu  also  determined  the  vapour  density  of  their 
synthetical  /3-phenylnaphthalene,  nsing  a  lead  bath  and  an  atmosphere 
of  nitrogen,  and  obtained  an  excellent  result  (7'08). 

We  have  determined  the  molecular  weight  of  the  synthetical  hydro- 
carbon from  the  lowering  of  the  freezing  point  of  a  benzene  solution, 
with  a  completely  satisfactory  result.  0'252  gram  of  substance  dis- 
solved in  23'9o6  grams  of  benzene  lowered  the  freezing  point  by 
0'26°,  thus  giving  the  molecular  weight  198  in  place  of  203"5. 

To  complete  the  identification  of  the  hydrocarbon,  its  quinone  was 
prepared  and  examined  and  its  properties  compared  with  those  of  the 
quinone  of  the  hydrocarbon  obtained  from  chrysenequinone  and 
from  /3-phenylnaphthalenecarboxylic  acid,  and  it  was  found  to  be 
identical  with  them  in  every  respect. 

In  preparing  the  quinone,  1  part  of  the  hydrocarbon  was  dissolved 
in  20  parts  of  hot  glacial  acetic  acid,  and  this  solution  was  mixed 
with  one  of  3  parts  of  chromic  acid  in  10  parts  of  glacial  acetic 
acid  ;  the  action  begins  at  once,  heat  being  evolved.  After  heating 
it  to  boiling  for  about  10  minutes,  the  solution  was  poured  into  a 
large  excess  of  cold  water,  and  allowed  to  stand  ;  the  quinone  slowly 
separated  in  small,  yellow  flocks.  These  were  thoroughly  washed, 
dried,  and  recrystallised  from  alcohol,  excluding  daylight. 

The  quinone  forms  beautiful,  glittering,  small,  yellow  needles,  which 
melt  at  109°,  it  is  easily  soluble  in  benzene,  alcohol,  ether,  and  chloro- 
form, especially  on  warming. 

In  solution,  the  quinone  is  remarkably  sensitive  to  light ;  it  forms  a 
bright,  yellow  solution  in  alcohol,  which  remains  clear  in  the  dark  or 
in  gaslight,  but  if  exposed  to  diffused  daylight  it  slowly  becomes  cloudy, 
a  pale  buff-coloured  substance  being  precipitated,  and  the  colour  of  the 
solution  changing  to  a  deep  orange.  In  sunlight,  this  action  takes 
place  much  more  rapidly,  a  few  hours  serving  to  complete  the  change, 
after  which  continued  exposure  to  sunlight  appears  to  have  no  further 
effect.  The  blue  rays  alone  appear  capable  of  effecting  this  change, 
for  if  the  solution  be  exposed  in  thin  layers  under  coloured  glasses, 
cutting  off  different  portions  of  the  spectrum,  the  solution  exposed  to 
the  blue  rays  is  alone  affected ;  those  exposed  to  other  parts  of  the 
spectrum,  and  those  completely  shut  off  from  light  being  alike  un- 
affected. 

In  the  solid  crystalline  condition,  the  quinone  is  not  altered  by 
light.  Combustion  shows  that  the  formula  is  C16H10O2.  From  its 
appeai'ance  and  behaviour,  it  is  in  all  probability  an  a-quinone  cor- 
responding with  naphthoquinone  [1:4];  as  on  heating  it  with  dilute 
caustic  soda  until  dissolved,  and  precipitating  the  solution  with  hydro- 
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chloric  acid,  a  hydroxyquinone  of  the  composition  OH'CieHgOz  is 
obtained,  which  on  oxidation  in  alkah'ne  solution  by  a  solution  of 
potassium  permang-anate  yields  benzoic  acid  and  a  ketonic  acid  of  the 
formula  COOH-CeHi-CO-COOH,  it,  in  all  probability,  has  the  con- 
stitution CioHs-O-CeHsO  [1:2:4]. 

Action  of  ^-Ghloronaplithalene,  fi-Bromonaphthalene,  and  of  ft-NapMhol 
on  Benzene  in  presence  of  Aluminium  Chloride. 

^-Cbloronaphthalene  was  dissolved  in  about  10  times  its  weight  of 
benzene,  aluminium  chloride  was  added  in  the  proportion  of  1  mol. 
of  aluminium  chloride  to  1  m.ol.  of /3-chloronaphthalene,  and  the  whole 
allowed  to  stand ;  hydrogen  chloride  was  slowly  evolved,  and  the 
liquid  became  reddish- brown,  a  dark,  tarry  residue  collecting  at  the 
bottom.  After  about  48  hours,  duiiag  w^hich  time  it  was  frequently 
shaken,  it  was  heated  for  about  eight  hours  on  a  water  bath  till  gas 
ceased  to  be  evolved.  The  liquid  was  then  diluted  with  benzene,  and 
poured  into  dilate  hydrochloric  acid  ;  after  well  shaking,  the  benzene 
solution  was  separated,  washed,  and  dried  over  calcium  chloride ;  the 
benzene  was  then  distilled  off  on  a  water  bath  and  the  residue 
fractionated. 

In  one  operation  in  which  60  grams  of  /3-chloronaphthalene  were 
used,  about  17  grams  were  collected  near  263°,  about  16  grams  in 
four  fractions  between  800°  and  400°,  about  30  grams  of  tar,  solidify- 
ing on  cooling  to  a  black,  glassy  pitch,  being  left.  These  portions 
were  carefully  refractionated  and  examined  ;  no  trace  of  any  crystal- 
line compound  could  be  obtained  from  any  one  of  them,  even  after 
standing  several  mouths.  The  fractions  between  300°  and  400°  were 
yellowish-gi-een,  fluorescent,  oily  liquids,  having  the  strong,  peculiar 
smell  of  a-phenylnaphthalene,  and  no  trace  of  yS-phenylnaphthalene 
could  be  isolated  from  any  one  of  them.  They  contain  a-phenyl- 
naphthalene mixed,  in  all  probability,  with  higher  chlorinated  deriva- 
tives of  naphthalene. 

The  fraction  boiling  near  263°  is  a  light  yellow  oil,  and  consists 
chiefly  of  a-chloronaphthalene ;  the  quantity  distilling  at  the  tem- 
perature is  especially  large  if  the  amount  of  aluminium  chloride  used 
be  small. 

Similar  experiments  made  with  yS-bromonaphthalene  and  ^-naph- 
thol  gave  similar  results.  In  the  case  of  /3-bromonapthalene,  the 
results  were  exactly  similar  to  those  with  /3-chloronaphtalene, 
a-bromonaphthalene,  a-phenylnaphthalene,  higher  bromo-deriva- 
tives  of  naphthalene  and  pitch  being  formed.  From  /3-naphthol  no 
trace  of  /3-phenylnaphthalene  appeared  to  be  formed,  only  oily  liquids 
having  a  boiling  point  near  to  that  of  a-phenylnaphthalene,  and  ha\dng 
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its  peculiar  odour,  were  produced,  together  with  very  high-boiling, 
tarry  substances,  solidifying  on  cooling  to  black,  glassy  pitches. 

We  have  found  it  impossible,  even  working  with  considerable 
quantities  of  material,  to  isolate  any  pure  substance  from  the  tarry 
products,  and  as  no  /3-phenylnaphthalene  was  produced  the  inquiry 
was  not  pursued. 


LXIX. — Preparation  of  jB-Chloronaphthalene. 
By  F.  D.  Chattaway,  B.A.,  Christ  Church,  and  W.  H.  Lewis,  Jesus 

College,  Oxford. 

As  /3-chloronaphthalene  was  required  in  very  large  quantity  in  the 
preceding  investigation,  and  as  no  satisfactory  method  of  preparing 
it  has  been  described,  the  various  ways  of  producing  the  compound 
were  investigated,  and  it  may  perhaps  be  of  service  to  record  the 
results  obtained. 

The  action  of  phosphorus  pentachloride  or  pliosphoras  pentabromide 
on  /3-naphthol  is  not  at  all  well  adapted  for  the  preparation  of  /3-chloro- 
naphthalene or  ^-bromonaphthalene  in  any  quantity.  Not  only  is 
the  process  unpleasant  and  tedious,  but  the  yield  is  very  small,  reach- 
ing usually  to  only  about  10  per  cent,  of  the  theoretical.  On  distilling 
the  product  of  the  action  over  a  naked  flame,  the  |(3-halogen  derivative 
comes  over  first  together  with  the  liquid  product  mentioned  by 
Rimarenko  (Ber.,  9,  663),  probably  a  dihalogen  naphthalene  deriva- 
tive ;  the  /3-dcrivative  can  easily  be  separated  from  this  by  a  good 
filter-pump  and  subsequent  recrystallisation  from  alcohol.  After 
these  products  have  passed  over,  on  raising  the  temperature  to 
incipient  redness,  a  thick  brown  tar  distils,  and  finally  a  large  amount 
of  a  coked  residue  is  left  in  the  distilling  flask.  This  tar  dissolves 
in  benzene,  yielding  a  dark-brown  fluorescent  solution,  and  it  is  also 
somewhat  soluble  in  alcohol,  giving  a  pale  yellow,  strongly  fluores- 
cent solution.  On  allowing  a  not  too  concentrated  alcoholic  solution 
to  cool,  a  sulphur-yellow  substance  is  deposited  in  small  feathery 
tufts  ;  if  the  solution  be  too  concentrated  it  falls  out  in  small  resinous 
drops,  as  it  melts  somewhat  below  the  boiling  point  of  ordinary 
alcohol. 

/3-Chloronaphthalene  is  best  prepared  from  /3-naphthylamine  by 
diazotising  it  and  converting  the  diazochloride  into  the  chloro-deriva- 
five  by  means  of  cuprous  chloride  (Lellmann  and  Remy,  Ber.,  19, 
810).  If  proper  precautions  be  taken,  a  very  satisfactory  yield  can 
be  obtained,  and  considerable  quantities  of  ^-chloronaphthalene  can 
be  very  easily  prepared.     It   is  essential  throughout  the   operation 
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that  as  little  water  as  possible  should  be  present,  concentrated  hydro- 
chloric acid  being  used  to  suspend  the  /3-naphthylaniine  in,  and  to 
hold  in  solution  the  cuprous  chloride.  The  solution  of  sodium  nitrite 
used  for  diazotising  should  be  as  strong  as  can  be  added  without 
much  loss  of  nitrous  acid.  After  the  addition  of  the  nitrite,  the 
liquid  should  be  left  for  several  hours  to  allow  the  diazotisation  to 
complete  itself.  The  solution  of  the  diazochloride  should  be  added 
to  the  cuprous  chloride  solution  at  a  temperature  of  70°,  and  the 
copper  solution  should  be  maintained  at  this  temperature  during 
the  addition.  It  is  better,  after  evolution  of  nitrogen  has  entirely 
ceased,  to  allow  the  mixture  to  cool,  and  to  stand  8  to  12  hours 
before  distilling  with  superheated  steam,  which  then  may  be  blown 
directly  through  the  acid  liquid.  Not  more  than  about  .SO  grams 
of  /3-naphthylamine  should  be  used  in  one  operation ;  if  larger  quan- 
tities are  used,  or  if  the  solutions  are  not  allowed  to  stand  between 
the  operations,  the  results  are  not  so  good. 

Very  little  decomposition  of  the  ^-diazonaphthalene  chloride  solu- 
tion takes  place  on  standing  in  a  cool  place  during  8  to  12  hours,  but 
if  it  is  allowed  to  stand  24  hours,  or  more,  a  gradually  increasing 
amount  of  decomposition  takes  place. 

An  excess  of  hydrochloric  acid  greater  than  that  required  to 
keep  the  various  substances  in  solution,  or  in  the  state  of  a  thin 
paste,  seems  to  be  of  no  advantage,  the  point  being  that  the  per- 
centage of  hydrogen  chloride  in  the  solutions  should  always  be  as 
large  as  possible. 

By  strongly  cooling  the  solution  of  the  diazochloride,  and  of  the 
cuprous  chloride,  and  pouring  them  together  in  a  thin  stream  into  a 
large  flask,  the  double  compound,  CioHTNaCl'CuzCla  (Lellmann  and 
Remy,  he.  cit.),  can  be  obtained ;  it  is  of  a  bright  orange-yellow 
colour,  and  there  is  no  darkening  or  apparent  decomposition  ;  on 
allowing  the  pasty  mass  to  stand,  bubbles  of  nitrogen  begin  slowly 
to  be  given  off  as  the  temperature  rises,  but  the  decomposition, 
even  after  12  hours'  standing  at  the  ordinary  temperature,  is  small ; 
on  gently  heating,  more  nitrogen  is  slowly  evolved,  but  no  consider- 
able evolution  of  gas  takes  place  till  about  65 — 70",  when  gas  is 
rapidly  evolved,  the  action  completing  itself  at  this  temperature. 
The  double  compound  entirely  decomposes,  and  the  liquid  becomes 
clear,  the  crude  yS-chloronaphthalene  floating  as  a  black  oily  layer 
on  the  surface  of  the  hot  liquid.  This  method,  however,  was  not 
found  to  give  such  a  good  result  as  adding  the  diazochloride  to 
the  solution  of  cuprous  chloride  heated  to  70°.  In  the  prepara- 
tion, the  /3-naphthylamine,  after  being  very  finely  powdered  and 
sifted,  is  thoroughly  rubbed  down  to  a  thin  paste  with  about  J 2 
times  its  weight  of  concentrated    hydrochloric   acid ;    the   mixture 
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is  then  cooled  by  means  of  ice  and  salt,  and  diazotised  with  the 
calculated  quantity  of  sodium  nitrite  dissolved  in  about  10  times  its 
weight  of  water.  The  nitrite  may  be  added  fairly  rapidly,  as  no 
great  rise  of  temperatui-e  takes  place.  The  diaaotised  solution  is 
allowed  to  stand  in  ice  during  about  six  hours,  after  which  it  is 
slowly  poured  down  an  inverted  condenser  into  a  slight  excess  of  a 
solution  of  cuprous  chloride  dissolved  in  about  12  times  its  weight  of 
concentrated  hydrochloric  acid  previously  heated  to  about  70°,  and 
maintained  as  far  as  possible  at  that  temperature  during  the  addition. 
After  the  addition,  the  whole  is  allowed  to  stand  overnight  and  then 
distilled  in  a  current  of  superheated  steam.  The  slightly  reddish 
solid  product  is  collected,  ground  up  with  a  little  potash  solution, 
and  redistilled  from  a  slightly  alkaline  solution  by  means  of  super- 
heated steam.  The  ^-chloronaphthalene  is  thus  obtained  practically 
pure  in  beautiful,  white,  crystalline  masses,  and,  if  necessary,  may 
be  crystallised  from  alcohol. 

)3-Naphthylamine  yields  thus,  as  a  rule,  about  its  own  weight  of 
impure  product  in  the  first  distillation,  the  final  yield  of  the  pure 
substance  being  about  75  to  80  per  cent,  of  the  theoretical. 

In  this  process,  a  certain  amount  of  ;3-naphthol  is  always  formed, 
and  also  a  considerable  quantity  of  a  black  pitch — very  probably  a 
condensation  product  of  the  /3-naphthol,  as  the  amount  formed  is 
increased  if  the  diazochloride  be  allowed  to  stand  too  long  before 
adding  it  to  the  cuprous  chloride  solution. 

After  the  first  steam  distillation  is  completed,  on  cooling  the 
residual  liquid,  a  small  quantity  of  bulky  feathery  crystals  are  noticed 
floating  in  the  green  solution.  These  can  be  recrystallised  from 
glacial  acetic  acid  when  they  form  long,  silky,  needle-shaped  crystals, 
which  dry  to  a  flesh-coloured  felted  mass,  and  melt  at  about  58°. 


LXX. — Note  on  ^-Merciirydinaphthyl  and 

^^-Dinaplithyl. 
By  F.  D.  Chattaway,  B.A.,  Christ  Church,  Oxford. 

a-MERCURYDiNAPHTHVL  was  first  obtained  by  Otto  and  Mories,  in  1868 
(Annalen,  147,  164),  while  endeavouring  to  synthesise  dinaphthyl  as 
Fittig  had  synthesised  diphenyj,  by  the  action  of  sodium  on  bromo- 
naphthalene.  As  so  large  an  amount  of  products  other  than  di- 
naphtyl  was  obtained,  they  tried  to  moderate  the  action  by  using 
sodium  amalgam  in  place  of  sodium,  and  found  that  the  action  then 
took  place  in  quite  a  different  direction,  a-mercurydinaphthyl  being 
produced.      They    heated    a-bromonaphthalene    dissolved   in   many 
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times  its  volume  of  coal-tar  oil  of  high-boiling  point  with  an  excess 
of  pasty  sodiam  amalgam  during  about  18  houi'S,  and,  on  cooling, 
a-mercurydinaphthyl  separated  out  in  small  white  plates. 

In  a  later  comraunication  in  1870,  after  investigating  mercury 
diphenyl  (Annalen,  154,  93),  Otto  and  Di^eher  mention  that  the 
action  is  much  furthered  by  the  presence  of  ethylic  acetate  in  the 
proportion  of  one-tenth  of  the  volume  of  the  bromonapthalene  used. 

At  that  time,  it  was  not  possible  to  synthesise  the  corresponding 
/3-derivative,  as  /3-bromonaphthalene  was  not  obtained  till  1876 
(Amutlen,  183,  225).  In  the  course  of  an  investigation  of  the  di- 
naphthyls,  it  was  desired  to  attempt  the  synthesis  of  /3^-dinaphthyl  by 
distilling  the  ^ -mercury dinaphthy I  with  soda  lime.  It  also  seemed 
desirable  to  try  the  action  of  thionyl  chloride  on  this  compound,  as 
Heumann  and  Kochlin,  in  1883  (Ber.,  16,  1625),  obtained  /3-  and  not 
a-chloronapthalene,  by  the  action  of  the  chloride  on  a  mercury di- 
naphthyl  which  must  have  been  the  a-compound.  The  author,  there- 
fore, successfully  attempted  to  obtain  yS-mercurydinapthyl,  adopting 
the  method  of  Otto  and  Dreher. 

After  it  had  been  prepared  and  some  of  its  derivatives  partially 
studied,  Behrens,  in  the  course  of  an  investigation  of  aromatic  boron 
compounds  (Michaelis,  Ber.,  27,  244)  published  a  short  account  of 
it,  he  having  prepared  it  in  order  to  study  its  behaviour  with  boron 
chloride.  As  the  results  obtained  by  the  author  confirm  Behren's 
work,  it  seems  desirable  briefly  to  record  them,  especially  as  /3-mercury- 
dinaphthyl  is  another  exception  to  the  rule  that  a-naphthalene  de- 
rivatives have  a  lower  melting  point  than  the  corresponding  yS-com- 
pounds. 

ft-Mercurydinaphthyl. — This  compound  was  prepared  by  dissolving 
/3-bromonaphthalene  in  about  three  times  its  weight  of  dry  xylene, 
boiling  slightly  ovei'  140°,  adding  5  per  cent,  of  its  weight  of  pure  dry 
ethylic  acetate,  and  a  large  excess  of  sodium  amalgam,  which  was  just 
fluid;  the  liquid  was  kept  gently  boiling  in  an  oil  bath  during  about 
30  hours.  A  brownish-gray  deposit  formed  on  the  amalgam  and,  on 
cooling,  a  white  solid  crystallised  out  in  crusts  on  the  sides  of  the  flask. 
A  large  excess  of  benzene  was  then  added  and  the  liquid  having  been 
heated  to  boiling  was  filtered  while  hot  from  the  excess  of  sodium 
amalgam,  and  from  a  gray  residue  of  very  unpleasant  smell.  An 
orange  coloured  filtrate  was  obtained  which  deposited  white  crystals 
of  y3-mcrcurydinaphthyl  on  cooling.  These  were  recrystallised  from 
benzene. 

^-Mercurydinaphthyl  crystallises  in  white  glittering  scales  melting 
at  238°,  and  having  exactly  the  appearance  of  pearl  when  px'essed 
together.  It  is  insoluble  in  water,  almost  insoluble  in  ether  and 
alcohol,  but  moderately  soluble  in  hot  benzene  and  its  homologues, 
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from  which,  however,  it  crystallises  almost  entirely  on  cooling. 
Concentrated  mineral  acids  completely  decompose  it  on  warming, 
forming  the  corresponding  mercury  salts,  and  appai-ently  substituted 
derivatives  of  naphthalene.  When  distilled  over  red  hot  soda  lime,  it 
yields  among  other  products  )8/3-dinaphthyl. 

The  yield  obtained  was  about  30  to  35  per  cent,  of  the  theoretical. 
/3-chloronaphthalene  also  gives  the  compound  under  similar  condi- 
tions, but  the  yield  is  not  so  good,  a  considerable  reduction  of  the 
chloro-derivative  to  naphthalene  taking  place.  An  investigation  of 
the  action  of  heat  and  of  thionyl  chloride  on  y3-mei"curydinapthyl  is 
proceeding. 

fij3-Dinap/tt'hyl. — This  compound  can  be  obtained  in  small  quan- 
tity by  distilling  yS-mercurydinaphthyl  over  red-hot  pumice  or  soda 
lime  in  a  combustion  tube.  It  can  also  be  easily  obtained  by  the 
action  of  sodium  at  140 — 150°  on  yS-chloi-onaphthalene  dissolved  in 
xyleue.  As  in  the  case  of  ^-phenylnaphthalene,  the  action  is  much 
facilitated  by  the  presence  of  dry  ethylic  acetate  in  the  proportion  of 
5  per  cent,  of  the  weight  of  the  yS-chloronaphthalene.  The  yield 
of  /3/S-dinaphthyl  was  by  this  addition  raised  from  3 — 4  per  cent,  to 
12 — 15  per  cent,  of  the  theoretical. 

/3/3-Dinaphthyl  crystallises  in  glittering  plates,  melting  at  about 
187°.  It  is  moderately  soluble  in  hot  alcohol,  very  readily  in  benzene 
and  xylene. 

The  author  is  engaged  in  investigating  the  dinaphthyls  and  their 
derivatives,  and  hopes  later  to  communicate  to  the  Society  a  paper  on 
the  subject,  and  to  refer  also  to  the  remarkable  effect  of  ethylic  ace- 
tate in  promoting  the  interactions  of  sodium  or  sodium  amalgam  and. 
the  halogen  derivatives  of  naphthalene  dissolved  in  dry  xylene. 

8t.  Bartholomeiv's  Hospital. 


LXXI. — Reduction  of  Paratolueneazodimethylaniline. 

By  D.  B.  Boyd,  B.Sc,  late  Donaldson  Scholar  of  Glasgow  University. 

Demonstrator  of  Chemistry  in  the  Mason  College,  Birmingham. 

I^His  investigation  is  connected  with  the  recent  researches  of  P. 
Jacobson  and  his  pupils  {Ber.,  25,  992 ;  26,  681,  688,  699),  of  O.  N". 
Witt  and  Schmidt  {Ber.,  25,  1013),  and  of  Tiiuber  {Ber.,  25,  1019), 
which  have  led  to  the  discovery  of  the  molecular  transformation  of 
hydrazo-compounds  into  semidine  bases,.  In  the  course  of  their 
work,  Jacobson  and  Kunz  reduced  benzeneazodimethylanilino  with 
stannous  chloride  and  hydrochloric  acid,  and  in  addition  to  the 
products  of  decomposition — aniline  and  araidodimethylanilirie — they 
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isolated  a  base  isomeric  with,  benzenehydrazodimethyl aniline,  which 
was  found  to  have  the  constitution  of  a  dimethyl triamidodiphenyl. 

(CH3)2N-C6H4-ii         ""  (CH3)2N-C6H3-NH,  * 

So  far,  only  a  very  brief  account  of  this  investigation  has  appeared 
in  the  journals  {Ber.,  26,  704)  ;  a  more  exhaustive  account  is  to  be 
found  in  the  dissertation  of  Kunz  (Inaug.  Diss.,  Heidelberg,  1893). 

Although,  in  the  case  investigated  by  Jacobson  and  Kunz,  trans- 
formation into  a  semidine  base  was  not  observed,  notwithstanding 
the  substituting  group  was  in  the  para-position,  yet  it  appeared 
possible  that  the  action  might  take  a  different  course  if  a  substituting 
group  were  present  in  the  second  para-position  also.  For  this  reason 
I  was  requested  by  Professor  Jacobson  to  investigate  the  behaviour 

of     paratolueneazodimethylaniline,  CgHs/         ^>N1N<|^         ^N(CH3)o, 

when  acted  on  by  reducing  agents. 

This  investigation,  which  was  carried  out  in  the  laboratory  of 
Heidelberg  University,  has  shown  that  paratolueneazodimethyl- 
aniline,  on  reduction,    yields    a    semidine    base  of   the    constitution 

CH3<^        \nh<^        \n(CH3)2,  in  very  considerable  quantity. 

Before  giving  a  detailed  description  of  the  experiments,  I  desire  to 
express  my  indebtedness  to  Professor  Jacobson  for  the  invaluable 
help  received  from  him  at  all  points  of  the  work. 

Preparation  of  Paratolue^ieazodimetJiylaniline. 

This  compound  has  already  been  described  by  Mohlau  {Ber.,  17, 
1492),  but  the  method  I  employed  was  somewhat  different  from  his. 

50  grams  of  paratoluidine  were  dissolved  in  500  c.c.  of  water  and 
112  c.c.  of  concentrated  hydrochloric  acid  (38  per  cent.),  and  the 
solution  was  diazotised  with  32  grams  of  sodium  nitrite.  After  a 
short  time,  the  solution  of  diazotoluene  chloride  was  poured  into  a 
well-cooled  solution  of  60  grams  of  dimethylaniline  in  300  c.c.  of 
water  and  45  c.c.  of  concentrated  hydrochloric  acid,  and  the  whole  left 
for  about  an  hour ;  the  azo-compound  was  then  precipitated  by 
adding  250  grams  of  sodium  acetate,  and  allowing  the  mixture  to 
stand  overnight.  It  crystallises  well  fj-om  benzene,  and  melts  at  169° ; 
Mohlau  found  168—168-5°. 

Meduction  of  Paratolueneazodimethylaniline. 
The  reducing  agent  used  was  a  solution  of  stannous  chloride  in 
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concentrated  hydrocliloric  acid  (40  grams  in  TOO  c.c).  In  the  first 
place,  experiments  were  made  to  find  out  the  most  favourable  condi- 
tions for  ti-ansforming  the  hydrazo-compound  into  an  isomeric  base, 
with  the  smallest  amount  of  decomposition  into  its  constituents. 

1.  'Reduction  in  presence  of  Alcohol. — 5  grams  of  the  azo-compound 
were  ground  up  with  25  c.c.  alcohol,  and  gradually  added  to  30  c.c.  of 
the  warm  stannous  chloride  solution.  The  alcohol  was  partially 
evaporated,  and  the  yellow  liquid  thus  obtained,  which  had  deposited 
crystals  of  the  double  salts,  was  treated  when  cold  with  caustic  soda 
and  extracted  with  ether.  The  ethereal  solution,  after  being  dried 
with  potassium  carbonate,  was  evaporated  to  dryness,  when  a  dark- 
coloured,  oily  residue,  about  45  grams,  was  obtained ;  this  was  dis- 
tilled, under  diminished  pressure  (25 — 30  mm.),  in  a  current  of  carbon 
dioxide,  the  temperature  of  the  surrounding  air  bath  being  gradually 
raised  to  200°.  The  distillate  amounted  to  about  35  grams,  and  in 
the  distilling  flask  there  remained  0"6  gram.  The  distillate  was  after- 
wards fractionated  under  the  ordinary  pressure,  and  separated  into 
two  fractions,  the  boiling  points  of  which,  namely,  198°  and  257°, 
shoAving  that  it  was  a  mixture  of  paratoluidine  and  amidodimethyl- 
aniline. 

The  experiment  accordingly  yielded  the  following  results. 

70  per  cent,  hydrazo-compound  split  up  into  its  constituents. 
12         „  ,,  ,,  transformed  into  isomeric  base. 

2.  deduction  at  a  Gentle  Heat  without  Alcohol. — 10  grams  of  the 
azo-compound  were  added  gradually  to  60  c.c.  of  warm  stannous 
chloride  solution,  the  mixture  heated  gently  for  a  short  time,  and 
then  treated  as  above  described.  In  this  case,  the  mixed  bases  from 
the  ethereal  solution  amounted  to  9  grams,  and  of  these  37  grams 
were  found  to  be  non-volatile  at  a  temperature  of  200°,  under 
diminished  pressure. 

The  result  was  therefore 

53  per  cent,  hydi-azo-compound  decomposed. 
37         „  ,,  „  transformed. 

3.  Reduction  at  the  Ordinary  Temperature  without  Alcohol. — Rise  of 
temperature  during  the  process  was  prevented  by  means  of  ice. 
From  20  grams  of  azo-compound,  19  grams  of  the  mixed  bases  were 
obtained,  and  the  residue,  after  distillation  under  diminished  pressure, 
weighed  8*7  grams,  or 

52  per  cent,  hydrazo-compound  decomposed, 
43         „  ,,  „  transformed. 

From  these  results,  it  is  evident  that  the  presence  of  alcohol 
favours  the  splitting  up  of  the  hydrazo-compound,  and  is  therefore  to 
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be  avoided.  Tlie  conditions  most  favourable  to  the  molecular  trans- 
formation of  the  hydrazo-compound  are  reduction  in  the  cold  with- 
out alcohol.  This,  however,  is  somewhat  tedious,  and  the  method 
given  under  2  is  preferable,  the  yield  being  only  slightly  less. 

It  was  found  that  henzetieazodzmethylaniline,  when  reduced  under 
conditions  1  and  2,  gave  the  following  results. 

Decomposed.  Transformed. 

1.  "With  alcohol ....      80  per  cent.  10  per  cent. 

2.  Without  alcohol .      42         „  50 

Isolation  of  the  Base. — After  the  paratoluidine  and  amidodimetliyl- 
aniliue  have  been  distilled  off  under  diminished  pressure,  a  brown, 
resinous  mass  is  left,  from  which,  by  extraction  with  light  petroleum, 
a  base  can  be  obtained  in  the  crystalline  form.  For  this  purpose  a  very 
considerable  quantity  of  light  petroleum  is  req aired,  and  it  is  there- 
fore advisable  to  transfer  the  resinous  mass  to  a  larger  flask  by  dis- 
solving it  in  benzene  and  afterwards  evaporating  the  solvent  on  the 
water  bath.  From  the  petroleum  solution,  the  base  separates  out  parti  / 
in  masses  of  almost  colourless  needles  and  partly  in  oily  drops ;  the 
latter,  from  which  the  crystals  can  easily  be  separated,  are  again  dis- 
solved in  light  petroleum,  when  a  further  crop  of  crystals  is  obtained. 

The  crystalline  base  dissolves  in  light  petroleum  much  more  easily 
than  the  original  residue  from  the  vacuum  distillation,  and  can  easily 
be  obtained  pure  by  repeated  crystallisation  out  of  this  solvent. 
The  yield  on  an  average  was  14 — 15  per  cent,  of  the  original  azo- 
compound.  The  substance  is  very  easily  soluble  in  alcohol,  and  even 
more  so  in  benzene ;  it  crystallises  from  light  petroleum  in  beautiful, 
white  needles  melting  at  69 — 70°.  With  ferric  chloride,  a  solution 
of  the  base  in  dilute  hydrochloric  acid  gives  a  violet  coloration,  whicli 
rapidly  becomes  red,  and,  on  addition  of  concentrated  hydrochloric 
acid,  pale  yellow. 

The  analysis  shows  that  the  base  is  isomeric  with  paratoluenehydr- 
azodimethylaniline. 

0-2014  gave  30-2  c.c.  moist  nitrogen  at  15°  and  761  mm.    IST  =  17-59. 
0-1807     „      0-4958  CO^  and  0-1254  H^O.     C  =  74-83;  H  =  7-71. 
CisHiglS's  requires  C  =  74-69 ;  H  =  7-88 ;  IS"  =  17-43  per  cent. 

Behaviour  of  the  Base  towards  Formic  Acid. 

1  gram  of  the  base  and  ]  0  grams  of  formic  acid  were  boiled  for 
five  hours  in  a  flask  with  reflux  air  condenser,  the  flask  being  kept 
•filled  with  carbon  dioxide  to  prevent  oxidation  as  far  as  possible. 
The  liquid  was  then  poured  into  water,  filtered,  and  treated  with 
carbonate  of  soda.  The  pi*ecipitate  thus  obtained  is  easily  soluble  in 
•alcohol,  and,  on  carefully  adding  water  to  the  solution,  is  deposited 
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in  lustrous  prisms  melting  at  110 — 111°.  It  is  easily  soluble  in  dilute 
hydrochloric  acid,  and,  on  adding  nitric  acid  to  this  solution,  a  preci- 
pitate of  the  nitrate  is  deposited  after  a  time  in  beautiful,  white 
needles. 

The  analysis  showed  that  the  action  had  taken  place  according  to 
the  following  equation. 

CsHisNs  +  CH,02  =  C,6HnN"3  +  211^0. 

0-1961  gave  286  c.c.  moist  nitrogen  at  20°  and  761  mm.  N  z=  1671. 
0-1906  „  0-5361  CO2  and  0-1190  H^O.  C  =  76-71 ;  H  =  6-94. 
Ci6Hn:N"3  requires  C  =  76-61 ;  H  =  6-77  ;  N"  =  16-73  per  cent. 

The  formic  acid  derivative  is  therefore  free  from  oxygen,  and 
consequently  must  be  a  methenyl  and  not  a  formyl  compound. 
Prom  this  it  followed  that  the  base  was  probably  an  orthosemidine, 
either  2-amido-5'dimethylamido-4'-methyldiphenylamine,  or  2-amido- 
5-methyl-4'-dimethylamidodiphenylamine. 

__  yHj,  CH3  

CH3<^ /•'^^•\ y  ^r      <( ^-NH-/ )>N(CH3)2, 

N(CH3)2  NH2 

in  which  case  such  a  reaction  is  easily  understood. 
Still  the  formula  of  a  diphenyl  base, 

/        \_/        \ 

\ /    \ / 

(CH3)2N  CH3 

could  not  be  regarded  as  impossible,  inasmuch  as  anhydro-condensa- 
tions,  as  is  well  known,  sometimes  take  place  in  the  peri-position 
also. 

Behaviour  of  the  Base  towards  Salicylaldehyde. — An  alcoholic  solu- 
tion of  the  base  (1  mol.)  and  salicylaldehyde  (2  mols.)  was  boiled 
for  about  two  hours  on  a  water  bath  ;  the  action,  however,  begins 
even  in  the  cold.  The  compound  forms  magnificent,  red  prisms 
which  melt  at  131°,  with  the  exception  of  a  small  residue  which 
disappears  at  134°.  It  dissolves  in  dilute  hydrochloric  acid  forming 
a  golden-yellow  liquid,  which,  on  boiling,  becomes  colourless  and  has 
the  smell  of  salicylaldehyde. 

The  analysis  showed  that  in  spite  of  the  presence  of  an  excess  of 
salicylaldehyde,  only  one  molecule  of  the  latter  had  reacted  with 
each  molecule  of  the  base. 

C.sH.gNa  +  CHeO,  =  C^HosNaO  +  H.O. 

0-2015  gave  20-9  c.c.  moist  nitrogen  at  16°  and  765  mm.    N  =  1217. 

0-1965     „     0-5527  CO2  and  0-1189  H^O.    C  =  76-71  ;  H  =  6-72. 

C22HJ3N3O  requires  C  =  76-52;  H  =  Q-Q7 ;  N  =  12-17  per  cent. 
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As  already  meutioned,  the  salicylaldehjde  derivative  is  easily 
soluble  in  dilute  mineral  acids,  and  on  passing  a  current  of  steam 
through  this  solution,  the  aldehyde  can  be  driven  off;  if  it  is  now 
rendered  alkaline  with  sodium  carbonate,  the  original  base  is  obtained 
as  an  oily  precipitate,  which  can  be  extracted  by  means  of  ether,  and 
crystallised  out  of  light  petroleum. 

This  fact,  and  the  remarkable  tendency  which  the  compound  has 
to  crystallise,  suggested  that  it  might  with  advantage  be  used  in  the 
preparation  of  the  new  base.  It  seemed  possible  that  by  dissolving 
in  alcohol  the  crude  product  obtained  by  distillation  under  diminished 
pressure,  treating  this  directly  with  salicylaldehyde,  and  breaking 
up  the  salicylic  compound  thus  obtained,  a  better  yield  of  base  might 
be  got. 

Accordingly  an  alcoholic  solution  of  1  part  of  the  distillation 
residue  and  I'l  parts  of  salicylaldehyde  was  heated  for  several  hours 
in  the  water  bath.  To  my  great  astonishment,  a  yellow  substance, 
entirely  different  from  the  compound  already  described,  was  deposited 
from  the  hot  solution,  whilst  the  mother  liquor  on  cooling  yielded  a 
mixture  of  red  and  yellow  crystals,  which  could  be  separated  by 
further  crystallisation. 

The  red  substance,  crystallised  from  alcohol,  melted  at  131 — 134°, 
and  proved  to  be  the  salicylaldehyde  derivative  already  known ; 
this  method  of  preparing  it  is,  however,  by  no  means  to  be  recom- 
mended, as,  owing  to  the  numerous  crystallisations,  the  yield  is  but 
moderate. 

The  point  of  interest  was  now  to  determine  the  nature  of  the 
yellow  substance,  which  might  possibly  be  derived  from  a  second 
isomeric  base.  This  presents  a  striking  contrast  to  the  red  compound, 
in  being  remarkably  insoluble,  even  in  boiling  alcohol ;  it  dissolves, 
however,  easily  in  benzene  and  can  be  obtained  from  this  solvent  in 
pretty,  yellow  crystals.  The  melting  point  is  much  higher  than  that 
of  the  red  substance,  but,  in  spite  of  repeated  crystallisation,  it  was 
never  very  sharp.     It  lies  between  215°  and  220°. 

Analysis  showed  that  it  had  approximately  the  same  percentage 
composition  as  the  red  compound. 

0-1817  gave  18-2  c.c.  moist  nitrogen  at  15°  and  758  mm.    IS"  =  11*  70. 
0-2165     „     22-6  „  „  „  16°     „     747    „      N  =  1196. 

0-2006     „     21-2  „  „  „  19°     „     754    „       N  =  12-05. 

0-2357     „     0-6682  CO2  and  01312  H^O.     C  =  77-31 ;  H  =  65. 
01698     „     0-4813  CO^     „    0-0962  H^O.     C  =  7730  ;  H  =  6-30. 

In  order  to  test  the  above  indicated  hypothesis,  that  this  substance 
was  derived  from  a  second  isomeric  base,  it  was  of  importance 
to  study  its  behaviour  towards  acids.    In  dilute  sulphuric  acid,  it  dis- 
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solved  only  on  heating,  forming  a  colourless  solution,  smelling 
strongly  of  salicylaldetyde.  On  adding  sodium  carbonate  to  this 
solution,  after  the  aldehyde  had  been  driven  off  with  steam,  a  white, 
solid  precipitate  formed,  which  was  collected  by  means  of  the  pump, 
and  dried  on  the  water  bath  ;  it  was  insoluble  in  light  petroleum,  but 
dissolved  easily  in  benzene,  and  crystallised  from  the  latter  in  colour- 
less cubes  melting  at  234 — 235°.  It  is  easily  soluble  in  dilute  acids 
but  insoluble  in  alkalis. 

From  these  properties,  namely,  the  insolubility  and  remarkably 
high  melting  point,  it  appeared  almost  impossible  that  it  could  be  a 
simple  base  isomeric  with  paratoluenehydrazodimethylaniline,  and  in 
fact  the  analysis  pointed  to  an  entirely  different  composition,  one 
remarkably  similar  to  those  of  the  red  and  yellow  substances. 

0-1722  gave  18-7  c.c.  moist  nitrogen  at  18-5°  and  757  mm.  N  =  12-45. 
0-1901     „     0-539  CO2  and  0-1078  H^O.     C  =  77-34;  H  =  6-30. 

These  observations  were  ultimately  explained  in  the  light  of  the 
investigations  which  O,  Fischer  and  his  pupils  (Ber.,  26a,  197)  have 
carried  out  on  the  derivatives  of  ortho diamines.  According  to  these 
authors,  such  aldehyde  derivatives  easily  undergo  oxidation  to  the 
corresponding  acid  anhydro-derivatives.  Consequently  the  yellow 
and  white  substances  might  be  oxidation  products  of  the  red  one, 
and  thus  all  three  be  derived  from  one  and  the  same  base. 

As  a  matter  of  fact,  the  analysis  of  the  white  substance  agrees 
exactly  with  a  salicylic  acid  derivative  of  the  new  base. 

C15H19N3  +  C7H6O3  =  C^oHo.NaO  +  2H^0. 
Calculated.  Found. 

C 76-97  77-34 

H 6  12  6-30 

N 12-24  12-45 

This  supposition  became  a  certainty  when  it  was  found  possible  to 
convert  the  red  compound  into  the  white  one  by  oxidation.  An  alco- 
holic solution  of  the  red  substance  was  boiled  with  mercuric  oxide, 
whereby  the  latter  rapidly  turned  grey,  and  the  solution  became 
colourless.  After  cooling,  the  insoluble  residue  was  extracted  with 
hot  benzene,  and  this  solution  now  gave  the  white  substance  in  cha- 
racteristic crystals,  melting  at  230 — 234°. 

It  follows,  therefore,  that  the  white  compound  is  a  salicylic  acid 
derivative,  corresponding  to  the  red  aldehyde  derivative.  The  nature 
of  the  yellow  substance  is  less  clear ;  the  fact  that  by  decomposition 
it  yields  abundantly,  on  the  one  hand,  salicylaldehyde,  and,  on  the 
other  hand,  the  salicylic  acid  derivative  of  the  new  base,  makes  it 
most  probable  that  it  is  a  complex  product  intermediate  between  the 
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aldehyde  and  acid  compounds.  But  this  view  can  only  be  considered 
as  a  supposition.  On  the  other  hand,  it  must  be  regarded  as  certain 
that  the  yellow  substance  is  derived  from  the  same  base  as  the  other 
two,  and  therefore  there  is  no  ground  for  assuming  that  by  the 
reduction  of  paratolueneazodimethylaniline  more  than  one  base  iso- 
meric with  the  hydrazo-compound  is  produced. 

Behaviour  of  the  Base  towards  Benzile. 

It  has  already  been  stated  that  the  formation  of  a  methenyl  com- 
pound makes  the  conception  that  the  new  base  is  an  orthosemidine 
very  probable,  but  at  the  same  time  does  not  exclude  the  possibility 
of  its  being  a  peridiamine.  Its  behaviour  towards  salicylic  aldehyde 
is  also  no  absolute  proof  of  its  semidine  nature,  since  peridiamines 
might  possibly  react  with  the  aldehyde  group  in  the  following  way. 

I  +  CHO-R  =      1  >CH-R. 

A  decision  on  this  point  was  to  be  expected  from  the  behaviour  of 
the  base  towards  benzile.  An  orthosemidine  must  unite  with  benzile 
to  form  an  azonium  base  containing  oxygen, 

I.  ;-NH,    „o.p„  '\/n:c-c.h, 

Yh       +  9°^'^'    =   OH-fc=C-C.H.  +  H.0, 

II  II 

whereas  a  peridiamine,  according  to  the  researches  of  Tauber 
(Ber.,  25,  3287),  must  yield  a  condensation  product /ree  from  oxygen. 

One  gram  of  the  base  and  1  gram  of  benzile  were  dissolved  in 
25  c.c.  of  alcohol,  to  which  1  gram  of  concentrated  hydrochloric  acid 
was  added,  and  the  solution  heated  on  the  water  bath  for  some  foui- 
hours.  The  liquid  was  then  poured  into  water,  and,  after  being 
filtered  from  the  excess  of  benzile  thus  precipitated,  was  made  alka- 
line with  ammonia;  in  this  way,  a  voluminous  precipitate  is  obtained. 

On  dissolving  this  in  chloroform  and  adding  alcohol  to  the  solution, 
the  compound  crystallises  out  in  yellow  prisms,  melting  and  decom- 
posing at  173°.  The  dilute  alcoholic  solution  is  not  fluorescent.  The 
substance  dissolves  in  concentrated  sulphuric  acid  forming  a  cherry- 
red  liquid,  which  becomes  light  yellow  on  dilution.  In  concentrated 
hydrochloric  and  nitric  acids,  it  dissolves,  giving  orange-yellow  solu- 
tions, which,  on  dilution,  become  paler. 
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It  is  obtained  with  difficulty  perfectly  free  from  water  and  alcohol ; 
befoi'e  making  the  carbon  and  hydrogen  estimation,  it  was  allowed  to 
stand  a  week  in  a  vacuum  over  phosphoric  anhydride. 

0-2093  gave  17-3  c.c.  moist  nitrogen  at  17°  and  748  mm.       N  =  9-44. 
0-1790     „      0-5268  CO^  and  0-1072  H2O.     C  =  80-26  ;  H  =  6-65. 
C29H27N3O  requires  C  =  80-37;  H  =  6-23 ;  N  =  9-70  per  cent. 

These  figures  speak  decisively  for  the  orthosemidine  conception. 

Behaviour  of  the  Base  towards  Nitrous  Acid. 

As  was  to  be  expected  from  its  orthosemidine  nature,  the  new 
base  reacts  with  nitrous  acid,  giving  an  azimide,  according  to  the  equa- 
tion, 

CsH.gNs  +  HNO3  =  C15H16N4  +  2H2O. 

If,  to  a  dilute  solution  of  the  base  in  excess  of  hydrochloric  acid,  the 
equivalent  quantity  of  sodium  nitrite  is  added,  a  clear  reddish  solu- 
tion is  obtained,  from  which  a  resinous  precipitate  separates  on 
adding  sodium  carbonate.  It  crystallises  out  of  light  petroleum  in 
needles  melting  at  88 — 89°.  It  is  very  easily  soluble  in  alcohol  and 
benzene. 

The  amount  of  nitrogen  found  agrees  with  that  required  for  an 
sizimide. 

0-1650  gave  33-0  c.c.  moist  nitrogen  at  21°  and  752  mm.  N"  =  22-52. 
C15H16N4  requires  N  =  22*22  per  cent. 

This  azimide  in  acid  solution  is  further  acted  on  by  nitrous  acid. 
On  adding  sodium  nitrite  to  its  solution  in  hydrochloric  acid,  a  yellow, 
flocculent  precipitate  is  formed,  which  can  also  be  obtained  directly 
from  the  base  by  treating  the  acid  solution  of  the  latter  with  more 
than  the  equivalent  quantity  of  sodium  nitrite.  This  substance 
crystallised  well,  both  from  alcohol  and  benzene,  in  fine,  hair-like 
crystals,  but,  in  spite  of  this,  was  very  difficult  to  purify,  the  melting 
point  of  the  diiferent  crystallisations  remaining  always  ill-defined 
(106—123°). 

0-1524  gave  31-6  c.c.  moist  nitrogen  at  18°  and  753  mm.  N  =  23-72. 
0-1510     „     32-3  „  „  „  17°    „   752     „      N  =  24-56. 

0-2534     „     0-5763  CO2  and  0-1149  H^O.     C  =  6202  ;  H  =    5-04. 

A  nitroso- derivative  of  the  azimide  requires  C  =  64*06  ;  H  =  5-34  ; 
N  =  24-91  per  cent. 

I  made  no  further  investigation  of  the  substance,  as  it  appeared  to 
be  of  little  value  for  the  main  purpose  of  my  work. 
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Decomposition  of  the  Base  ivith  Hydrochloric  acid. 

The  orthosemidine  nature  of  the  base  being  established,  there 
remained  for  it  two  possible  form  alee, 

N(CH3)2  CH3_  

CH3^ /-NH-^^        y  and    <(        )nH-<^ ^^{Cli.,),. 

]Nli7  NH2 

To  decide  which  of  the  two  is  correct,  a  decomposition  experiment 
was  tried.  A  mixture  of  4  grams  of  the  base,  10  c.c.  of  hydro- 
chloric acid  (38  per  cent.),  and  10  c.c.  of  water  was  heated  seven  hours 
in  a  closed  tube  at  a  temperature  of  150 — 160°,  the  tube  being  filled 
with  carbon  dioxide,  to  prevent  oxidation.  The  acid  contents  of  the 
tube  were  then  extracted  repeatedly  with  small  quantities  of  ether 
(A);  a  large  excess  of  caustic  soda  was  then  added  to  the  aqueous 
liquid,  making  it  smell  strongly  of  fatty  amines,  and  it  was  again 
extracted  with  ether  (B).  The  two  ethereal  solutions  were  evaporated 
to  dryness  separately. 

From  solution  (A),  a  very  small  quantity  of  colourless  crystalline 
residue  was  obtained,  sparingly  soluble  in  benzene,  from  which  it 
separated  in  pretty  crystals  melting  at  167 — 169°.  It  dissolved  easily 
in  water  ;  the  aqueou  s  solution  reduced  silver  nitrate,  and  on  warming 
with  chromic  acid  mixture  evolved  the  pungent  smell  of  quinone. 
From  these  observations  the  body  is  with  certainty  characterised  as 
hydroquinone. 

The  residue  from  the  ethereal  solution  (B),  which  had  been  dried 
with  potassium  carbonate,  was  distilled  under  diminished  pressure 
(30  mm,),  the  flask  being  heated  to  220°.  At  about  140°,  a  colourless 
substance  distilled  over  in  considerable  quantity  (about  1*5  gram), 
and  solidified  at  once  in  the  receiver ;  it  crystallised  from  light  petro- 
leum, and  melted  at  88'5 — 89'5.  Both  melting  and  boiling  point 
indicated  the  presence  of  3  :  4<-toluylenedianiine,  which  melts  at  88"5°. 
In  order  to  identify  the  substance  with  certainty,  a  portion  was  dis- 
solved in  alcohol,  and  treated  with  a  concentrated  solution  of  phenan- 
thraquinone  in  glacial  acetic  acid.  A  thick,  greyish-white  crystalline 
precipitate  formed  at  once,  which,  after  being  twice  crystallised  from 
benzene  melted  at  215' 5 — 216'5°.  Hinsberg  (Annalen,  237,  339) 
gives  212 — 213°  as  the  melting  point  of  toluphenanthrazine.  In 
accordance  with  this  author's  description,  the  compound,  when  treated 
with  concentrated  hydrochloric  acid,  becomes  red,  and  again  colourless 
on  the  addition  of  water. 

0-2025  gave  17-5  c.c.  moist  nitrogen  at  20°  and  758  mm.    N"  =  9-86. 
C21HUN2  requires  9*53  per  cent. 
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Thus  all  the  properties  of  this  decomposition  product  agree  exactly 
with  those  of  3  :  4-toluylenediamine. 

From  the  nature  of  the  products  into  which  my  base  is  resolved — 
hydroquinone  and  3 :  4-toluylenediamine — there  can  be  no  question  as 
to  its  constitution.  It  is  at  once  apparent  that  the  second  of  the  two 
formulae  given  above  (p.  888)  easily  explains  a  decomposition  of  this 
kind, 


< 


CH,  

\nh-<^        \n(CH3)2  +  2H2O  = 


NH.,  OH 

+  NH(CH):, 


,Anh,  ,A 


OH 


whereas  the  first  is  quite  irreconcilable  with  it. 
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Thnsall  the  properties  of  this  decomposition  product  agree  exactly 
with  those  of  3  :  4-tolujlenediamine. 

From  the  nature  of  the  products  into  which  my  base  is  resolved — 
hydroquinone  and  3  :  4-tohijlenediamine — there  can  be  no  question  as 
to  its  constitution.  It  is  at  once  apparent  that  the  second  of  the  two 
formulae  given  above  (p.  888)  easily  explains  a  decomposition  of  this 
kind, 


CH, 


^•NH-/        \X(CH3)2  +  2H2O  = 


NH2  OH 

nxx  I  II 

OH 
whereas  the  first  is  quite  irreconcilable  with  it. 


+  5fH(CH)2, 


LXXII. — Preparation   of   2'  :  2>' -Diphenylindoles  from 

Benzom  and  Piimary  Beiizenoid  Amines. 

By  Francis  R.  Japp,  F.R.S.,  and  T.  S.  Murray,  D.Sc. 

Nencki  and  Berlinerblau  were  the  first  to  show  (Ber.,  20,  R.  753) 
that  indoles  could  be  obtained  by  the  infei'action  of  a- halogen- 
aldehydes,  or  a-halogen-ketones,  with  primary  benzenoid  amines. 
Thus,  from  chloraldehyde  and  aniline,  they  prepared  indole  itself, 
and  from  chloracetone  and  aniline,  2'-met.hylindole  ("  methylketole  "), 
the  latter  interaction  occurring  according  to  the  equation 

T^umerous  other  substituted  indoles  have  since  been  prepared  in  an 
analogous  manner. 

It  occurred  to  us  that  it  might  be  possible  to  replace  the  a-halogen- 
ketones  in  the  foregoing  class  of  interactions  by  a-hydroxy-ketones. 
We  therefore  heated  a  mixture  of  benzoin,  aniline,  and  zinc  chloride  , 
and  found  thatE.  Fischer's  2' :  3'-diphenjlindole  was  formed  according 
to  the  equation 

In  like  manner,  by  employing  orthotoluidine,  paratoluidine,  a-naph- 
thylamine,  and  /:J-naphthylauiine,  in  place  of  aniline,  we  obtained 
respectively   the   corresponding    diphenylorthotoluindole,    diphenyl- 
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paratoluindole,  diphenyl-a-naphthindole,  and  diphenyl-yS-naphth- 
indole. 

The  investigation  had  proceeded  thus  far  when  a  paper  appeared 
by  Bischler  and  Fireman  (Ber.,  26,  1336),  in  which  the  preparation 
of  these  indoles  (with  the  exception  of  diphenyl-a-naphthindole)  by  a 
different  method  was  described.  This  method  consisted  in  first 
acting  on  desylbromide  with  a  primary  benzenoid  amine  in  the  cold, 
so  as  to  obtain  a  desylanilide,  thus  C6H5*CO"CH(NH*C6H5)*CeH5,  and 
then  boiling  this  compound  with  an  excess  of  amine,  when,  according 
to  Bischler  and  Fireman,  it  is  converted  into  an  indole. 

We  were  at  once  struck  by  the  close  agreement  of  the  melting 
points  of  Bischler  and  Fireman's  supposed  new  series  of  desylanilides 
with  those  of  an  already  known  and  obviously  very  similar  series, 
which  had  been  prepared  by  Voigt  {J.pr.  Chem.,  [2],  31,  544 ;  34,  2), 
by  the  action  of  primary  benzenoid  amines  on  benzoin.  Thus,  by 
heat'ng  benzoin  with  aniline,  Voigt  obtained  a  compound  which  he 
at  first  described  as  "  benzoin anidil "  (desylanilide),  but  which  he 
afterwards,  and  in  our  opinion  on  insufficient  evidence,  formulated  as 
anilhenzoin,  C6H5-CH(OH)-C(N"-C6H5)'C6H5.  By  substituting  para- 
toluidine  and  /9-naphthylamine  for  aniline,  he  obtained  analogous 
coTTipounds.  We  subjoin  the  two  series  with  the  melting  points 
assio-ned  to  them  : — 


Voigt. 

M.  p. 

Anilbenzoin 99° 

Acetylanilbenzoin 153 

Paratolilbenzo'in    144 

yS-Naphthilbenzoin 130 


Bischler  and  Fireman. 

M.  p. 

Desylanilide 97—98° 

Acetyldesylanilide. .         155 

Desylparatoluide  .  . .         145 

Desyl-/3-naphthalide  131—132 

We,  therefore,  prepared  anilbenzoin  by  Voigt's  method  and  desyl- 
anilide by  that  of  Bischler  and  Fireman,  and  found  that  the  two 
preparations  were  absolutely  indistinguishable.  Simultaneous  deter- 
minations of  the  melting  points  in  the  same  bath  gave  98 — 99°  for 
both.     The  two  series  are  therefore  identical. 

Judging,  however,  from  the  mode  of  formation  from  desylbromide 
and  amines,  the  compounds  are  in  all  probability  desylanilides,  as 
assumed  by  Bischler  and  Fireman. 

As  Voigt's  method  of  preparation  is  by  far  the  simpler  of  the  two, 
we  resorted  to  it  to  obtain  the  substance  required  for  our  subsequent 
experiments. 

Pure  desylanilide,  thus  prepared,  was  boiled  for  two  hours  with 
four  times  its  weight  of  aniline,  as  prescribed  by  Bischler  and 
Fireman,  in  order  to  convert  it  into  diphenylindole.  To  our  surprise, 
not  only  was  the  greater  part  of  the  desylanilide  unchanged,  but  not 
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a  trace  of  the  indole  had  been  formed,  as  was  shown  by  the  fact  that 

Z  IZeTtoT  rr''''^''^-  -^-  ^  *--  of  soIid'sodi.rni^ 
was  added  to  its  solution  in  concentrated  sulphuric  acid   whereas  we 
W  fonnd  that  diphenylindole,  when  thus  treated,  give's  an  int  ,1 
bluish-green  coloration.  ^  miense 

As  however,  in  another  experiment,  we  were  able  to  confirm 
Bischler  and  Fireman;s  statement  that  desylbromide  when  boiled  with 
excess  of  orthoto  nid.ne  yields  diphenylorthotoluindole,  it   occurred 

have%^    t'd    .  r  '^'^.^  ''^   '''^^^'^^  %drobromic  acid   might 

have  effected  the  condensation  of  the  desylorthotoluide,  which  wonld 
he  formed  in  the  first  instance,  to  the  corresponding  indole.  We 
therefore  repeated  our  experiment  with  desylanilide  and  aniline  but 
before  heating  the  mixture,  added  a  little  aniline  hydrochloride; 
the  hydrochloric  acid  of  which  might  be  expected  to  act  like  the 
hvdrobromic  acid  m  the  preceding  case.  Under  these  altered  condi- 
tions the  condensation  readily  took  place  with  elimination  of  water 
and  an  excellent  yield  of  diphenylindole  was  obtained 

We  are,   therefore,  forced    to    the    conclusion   that   Bischler   and 

IZT^n^""  T^^l^'f  ^"  '^"^'  experiments  a  desylanilide 
which  had  not  been^ent.rely  freed  from  the  amine  hvdrobromide  that 
js  formed  along  with  it  in  their  method  of  preparation,  and  that  the 
hydrobromic  acid  was  responsible  for  the  condensation  which  they 
attributed  to  the  amine  alone.  ^ 

Guided  by  these  considerations,  we  next  tried  the  effect  of  heating 
benzoin  with  a  mixture  of  aniline  and  aniline  hydrochloride.  Here 
Voigts  desylanilide  would  be  first  formed,  and  would  then  under..o 
condensation  to  diphenylindole.  As  a  fact,  we  fonnd  that  an  ex- 
cellent yield  of  d.phenylindole  could  be  thus  obtained.  The  yield  is 
better  than  by  the  zinc  chloride  method,  as  there  is  far  less  resiifica! 
tion.     Substituting  other  benzenoid  amines  for  aniline,  we  prepared  bv 

TZi:mT,TTr  f -^^PWli-doles  alr'ead/refCdt'" 
The  yie  d  of  diphenyl-^-naphthindole,  however,  is  very  poor  since 
as  Bischler-  and  Fireman  also  found,  ^-dinaphth;iamine^is'formed  Tn 
:h7:inrhr:^iderthor  ''-''  -''''  ^^^^^^  -.  be  obtained  by 
We  further  found  that  all  these  diphenylindoles  are  deposited  from 
an  acetone  solution  with  1  mol.  of  "  acetone  of  crystallisation."    Mos" 
of  these  double  compounds  part  very  readily  with  their  acetone;  that 
of   diphenyl-a-naphrhindole,  however,  is    permanent    in   air   at    the 
ordinary  temperature   and  this  indole   also  yields  stable  crystalline 
compounds  with  1  mol.  each  of  methylethylketone  and  dieth/lketone 
The  unstable  acetone  compounds    cannot   always  be   obtained  with 
certainty;    sometimes   the   indole  separates  from   the   solution   un- 
chanf?ed.  " 
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In  the  following  account  of  our  experimental  I'esults,  we  describe, 
under  the  heading  of  each  indole,  only  that  method  of  preparation 
which  gave  the  best  yield,  except  in  the  case  of  the  first  member  of 
the  series,  diphenylindole,  for  the  preparation  of  which  both  the  zinc 
chloride  method  and  the  amine  hydrochloride  method  are  given. 


Experimental   Part 
2'  :  ^' -Diphenylindole, 


^^ — cam 


Preparation  from  Benzoin,  Aniline,  and  Zinc  Chloride. — The  pro- 
portions employed  were:  benzoin,  21  grams;  aniline,  15  grams;  zinc 
chloride,  30  grams.  The  benzoin  and  zinc  chloride  were  powdered 
together,  mixed  with  the  aniline,  and  the  whole  was  heated  in  a 
retort  over  a  free  flame.  The  mass  fused,  water  was  given  off,  and 
as  the  temperature  rose,  the  mixture  became  dark-coloured,  whilst 
aniline  distilled  over  along  with  the  water.  As  soon  as  the  evolution 
qf  water  had  ceased,  the  fused  mass  was  poured  into  water,  boiled, 
first  with  dilute  hydrochloric  acid  and  then  with  water,  and  extracted 
with  boiling  benzene.  The  tarry  mass  which  remained  on  distilling 
off  the  benzene  was  distilled  under  reduced  pressure.  The  distillate, 
which  was  solid  when  cold  and  of  a  clear  brown  colour,  was  re- 
distilled; it  came  over  about  272 — 275°  under  17  mm.  pressure,  and 
was  now  of  a  clear  yellow  colour.  It  was  recrystalliped  twice  from 
benzene,  from  which  it  was  deposited  in  rosettes  of  oblique  prisms,  and 
afterwards  from  light  petroleum,  from  which  it  separated  in  large, 
snowball-like  masses  consisting  of  slender,  colourless  needles  melting  at 
123 — 124".  The  solutions  displayed  a  blue  fluorescence,  as  described 
by  E.  Fischer  and  by  Bischler  and  Fireman. 

Calculated  for 

CsoH.sN.  Found. 

N 5-20  5-16  per  cent. 

Preparation  from  Benzoin,  Aniline,  and  Aniline  Hydrochloride. — A 
mixture  of  10'6  grams  of  benzoin,  16  grams  of  aniline,  and  65  grams 
of  aniline  hydrochloride  was  heated  to  its  boiling  point  in  a  small 
flask  fitted  with  a  short  upright  air  condenser.  By  regulating  the 
heating,  the  operation  could  be  so  conducted  that  the  water  which  was 
formed  during  the  reaction  was  driven  off  from  the  top  of  the  con- 
condenser  whilst  the  aniline  flowed  back  into  the  flask.  After  heating 
for  two  hours  no  more  water  was  given  off.  The  fused  mass  was 
poured  into  water,  and  then  shaken  in  a  separating  globe  with  ether 
and  excess  of  dilute  hydrochloric  acid  simultaneously,  until  every- 
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thing  dissolved.  The  ethereal  layer,  which  contained  the  diphenyl- 
iudole,  was  separated;  the  ether  was  expelled  by  warming,  and  the 
substance  which  remained  was  purified,  first  by  distillation  under 
reduced  pressure,  and  subsequently  by  recrystallisation  from  benzene 
and  light  petroleum,  as  in  the  previous  experiment.  The  diphenyl- 
indole  thus  obtained,  agreed  in  all  its  properties  with  that  already 
described.  The  yield  was  about  75  per  cent,  of  the  theory.  Dark- 
coloured  bye-products  are  not  formed  in  this  process,  so  that  the 
substance  is  ea.sily  purified. 

Acetone  Compound. — A  solution  of  diphenylindole  in  acetone  yielded, 
by  spontaneous  evaporation,  crystals  melting,  when  rapidily  heated, 
between  80^  and  90°.     They  efl3oresced  on  exposure  to  air. 

0-3373  gram  lost,  on  heating  at  100",  00592  gram  =  17-55  per  cent. 
Calculated  for  C2oHisjN',C3H60  :  acetone  =  17-74  per  cent. 

2'  :  S'-Dlplienylorthotoluindole,  II 

ClI;,  NH 

10-6  grams  of  benzoin,  16-5  grams  of  orthotoluidine,  and  7-5  grams 
of  orthotoluidine  hydi-ochloride  were  heated  to  the  boiling  point  of 
the  mixture  for  2 — 3  hours.  The  crude  product  was  extracted  with 
boiling  fairly  strong  hydrochloric  acid  to  remove  basic  substances, 
and  the  residue  distilled  under  i-educed  pressure.  It  was  then  further 
purified  by  recrystallisation. 

The  different  crystalline  forms  and  different  melting  points  which 
we  have  observed  with  this  substance  lead  to  the  conclusion  that  it  is 
trimorphous.  Owing  to  the  complexity  of  the  problem  we  venture  to 
give  the  experimental  details  somewhat  fully. 

Thus,  when  the  crude  redistilled  substance  was  dissolved  in  benzene 
and  light  petroleum  then  added,  it  was  deposited  in  rosettes  of  flat 
prisms  with  bev^elled  ends,  melting  at  100 — 101°.  When  recrystallised 
from  light  petroleum,  it  melted  at  101° ;  again  recrystallised  from  a 
mixture  of  absolute  alcohol  and  light  petroleum,  at  102°;  again  re- 
crystallised from  the  same  solvent  at  102°.  A  little  substance  froni 
the  previous  crop  was  used  to  start  each  crystallisation. 

This  specimen,  melting  at  102,°  was  analysed  and  gave  figures 
agreeing  with  the  expected  formula  CziHnN. 

Calculated C,  89-05         H,  6-01         N,  4-94  per  cent. 

Found C,  89-10         H,  6-22         N,  5-(;3 

After  standing  in  a  stoppered  bottle  for  two  months  the  same, 
specimen  had  become  opaque,  and  was  found  to  melt  at  136°,  pie- 
viously  softening  at  128°.     It  had  thus  spontaneously  changed  into  a» 
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mixture  of  the  two  modificatioBS  meltinp^  respectively  at  128°  and 
136°,  which  we  describe  later  on. 

Three  specimens  of  diphenylorthotoluindole,  which  we  prepared  by 
three  different  methods — by  the  zinc  chloride  method,  by  the  hydro- 
chloride method,  and  by  Bischler  and  Fireman's  method  of  boilint? 
desylbromide  with  orthotoluidine — all  exhibited  this  behaviour  ;  when 
the  freshly  distilled  product  was  recrystallised,  no  matter  from  v/hich 
of  the  foregoing  solvents,  crystals  melting  at  temperatures  between 
99°  and  102°  were  obtained ;  and  these,  on  keeping,  changed  their 
melting  point  to  VZ8 — 186°,  as  already  described. 

This  modification  of  low  melting  point  was  obtained  only  from  the 
freshly-distilled  crude  substance.* 

When  the  substance  which  had  iindergone  the  change  of  melting 
point  was  dissolved  in  a  little  boiling  absolute  alcohol,  taking  care 
that  nothing  was  left  undissolved,  and  then  light  petroleum  added, 
the  solution  on  standing  deposited  thick  plates  melting  sharply  at 
128°. t  Solutions  in  light  petroleum,  or  in  a  mixture  of  benzene  and 
light  petroleum,  yield  the  same  forms,  frequently,  however,  grouped 
together  into  rosettes.  Recrystallisation  does  not  change  the  form  or 
the  melting  point.  This  is  the  modification  described  by  Bischler  and 
Fireman. 

A  third  form,  melting  at  136",  may  be  obtained  as  follows  : — 

A  small  quantity  of  pure  substance  melting  at  128°  is  introduced 
into  a  widish  melting-point  tube,  which  is  then  sealed  up  to  prevent 
oxidation.  The  upper  part  of  the  tube  is  gently  warmed,  so  as  to 
melt  all  adhering  particles.  These  solidify  when  cold,  but  in  aa 
amorphous  form,  which  does  not  complicate  the  subsequent  result. 
The  tube  is  then  heated  in  a  sulphuric  acid  bath  to  128°,  so  as  to 
melt  nearly  the  whole  of  the  crystalline  substance,  after  which  the 
temperature  is  allowed  to  fall  to  about  126 — 127°,  and  kept  there 
irom  10  to  15  minutes.  (If,  through  inadvertence,  the  whole  of  the 
substance  has  been  melted,  a  fresh  tube  of  substance  musfc  be  taken 
and  the  experiment  started  anew.)    At  this  slightly  lower  temperature 

*  Since  writing  the  above,  we  have  made  two  further  attempts  to  obtain  this 
unstable  modification,  but  without  success.  Two  fresh  specimens  of  orthotolu- 
indole  were  prepared,  one  by  the  hydrochloride  method,  the  other  by  the  zinc 
chloride  method ;  but  in  both  cases  the  solutions  of  the  crude  distillate  deposited 
only  the  stable  form  melting  at  128°.  We  are  not  sure  that  in  all  three  prepara- 
tions above  described  the  Jow-melting  modification  was  obtained  inde^Jendently.i.e., 
without  starting  the  crystallisation.  It  was  first  obtained  from  a  preparation  made 
by  the  zinc  chloride  method, 

t  Very  likely  the  unchanged  pure  substance  melting  at  102°  would  yield  by  re- 
crystallisation  this  modification  melting  at  128^^,  if  it  were  allowed  to  crystallise 
spontaneously,  instead  of  starting  it  with  its  own  crjstals.  Unfortunately  we  had 
no  more  of  it  to  try  the  experiment. 
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the  substance  begins  to  resolidify.  N'eedle-shaped  crystals  are  seen 
to  form  in  the  melted  substance,  which  is  thus  ultimately  converted 
into  a  mass  of  needles.  Finally  the  temperature  may  be  raised  to  130°, 
to  make  sure  that  none  of  the  modification  melting  at  128°  is  left. 

If  now  some  pure  substance  melting  at  128°  be  dissolved  in  boiling 
light  petroleum,  and  the  crystallisation  be  started  with  a  few  frag- 
ments of  the  foregoing  resolidified  substance,  the  solution  will  deposit 
large  tufts  of  slender,  colourless,  silky  needles,  melting  at  13d'',  and 
these  are  in  like  manner  capable  of  inducing  their  own  form  of  crys- 
tallisation in  other  solutions.  When  a  little  absolute  alcohol  is  mixed 
with  the  light  petroleum  in  this  experiment,  well-developed,  concen- 
trically-grouped, thin  prisms  are  obtained,  also  melting  at  136°.  In 
order  to  obtain  the  modification  melting  at  ]  36°,  pure  substance  must 
be  employed,  for  when  the  needles  are  introduced  into  a  yellowish 
solution  of  impure  substance  in  light  petroleum,  they  do  not  grow, 
and  the  liquid  deposits  the  tabular  foi-m  melting  at  128°.  A  solution 
of  the  pure  acicular  substance  (m.  p.  136")  in  light  petroleum,  when 
care  is  taken  to  leave  nothing  undissolved,  and  the  crystallisation  is 
allowed  to  start  spontaneously,  deposits  the  tabular  form  melting  at 
128°.* 

The  following  crystalline  modifications  of  diphenylorthotoluindole 
are  therefore  to  be  distinguished : — 

a.  Flat  prisms  with  bevelled  ends,  meHing  at  102°.  Gradually 
changes  at  ordinary  temperatures  into  a  mixture  of  (3  and  7. 

/3.  Thick  tabular  crystals,  melting  at  128°.  Stable  at  ordinary 
temperatures,  but  changed  just  below  its  melting  point  into  7. 

7.  Acicular  form,  melting  at  136°.  Stable  at  all  temperatures  up 
to  its  melting  point.     Transformed  by  recrystallisation  into  (3. 

Acetone  Compound. — A  solution  of  diphenylorthotoluindole  in 
acetone  yielded,  by  spontaneous  evaporation,  efflorescent,  flat  prisms, 
containing  acetone  of  crystallisation.  When  rapidly  heated,  they 
softened  at  about  50°,  and  melted  at  90°. 

0-1^02  gram,  heated  at  100°,  lost  00267  gram  =  16-66  per  cent. 
Calculated  for  C2iHnN,C3H60  :  acetone  =  17'01  per  cent. 

*  The  acicular  form  melting  at  136°  was  first  accidentally  obtained  by  us  under 
conditions  which  we  unfortunately  did  not  note  at  the  time.  It  was  used  to  start 
subsequent  crystallisations,  and  consequently,  so  long  as  we  adhered  to  this  practice, 
our  specimens,  when  pure,  always  had  this  melting  point.  Indeed,  we  assumed 
that  this  was  the  true  melting  point  of  the  substance,  and  in  a  iireliminary  note 
(Ber.,  26,  2641)  called  attention  to  the  fact  that  Bischler  and  Fireman  had  not 
obtained  a  melting  point  higher  than  128°.  We  were  not  at  tliat  time  aware  that 
this  was  the  melting  point  of  a  distinct  form.  Afterwards,  when  we  had  recognised 
that  all  the  supposed  discrepancies  were  due  to  the  existence  of  different  modifica- 
tions, it  was  some  time  before  we  succeeded  in  discovering  the  conditions  under 
which  the  a<-icular  form  melting  at  136°  could  be  independently  obtained. 
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2'  :  Z' -Diphenylparatoluindole, 


CHg/^, C-CtHs 


NH 

10"6  grams  of  benzoin,  16'5  grams  of  paratoluidine,  and  7"5  grams 
of  paratoluidine  hydrochloride  wei-e  heated  together  as  in  the  pre- 
vious experiment.  The  product  was  shaken  with  ether  and  hydro- 
chloric acid ;  the  ethereal  solution  was  dried  with  calcium  chloride 
and  allowed  to  evaporate  spontaneously,  when  it  deposited  needle- 
shaped  crystals  melting  constantly  at  152 — 153°.  The  substance  re- 
maining after  expulsion  of  the  ether  from  the  mother  liquor  was 
distilled  under  reduced  pressure,  and  further  puritied  hj  recrystal- 
lisation  from  a  mixture  of  acetone  and  light  petroleum.  This  product 
was  identical  with  the  foregoing.  The  total  yield  of  pure  substance 
was  close  upon  10  grams. 

Analysis  gave  results  agreeing  with  the  formula  CoiHnN. 

Calculated   ....      C,  8905         H,  601         N",  4-94  per  cent. 
Found C,  88-81        H,  6-20        N,  4-91 

Acetone  Compound. — This  substance  was  obtained  by  the  spon- 
taneous evaporation  of  a  solution  of  diphenylparatoluindole  in  acetone. 
The  melting  point  of  the  crystals  was  very  iudefinite,  and  they  rapidly 
effloresced  on  exposure  to  air. 

0-2788   gram,  heated  at  100°,  lost  00484  gram  =  17-36  per  cent. 
Calculated  for  CaiHnl^jCsHgO  :  acetone  =  17-01  per  cent. 

2'  :  2)  -Diphenyl-x-naplitliindule, 

NHCCeHs 

This  compound  was  not  prepared  by  Bischler  and  Fireman. 

10  6  grams  of  benzoin,  21  grams  of  a-naphthj^lamine,  and  4-5 
grams  of  a-naphthylamine  hydrochloride  were  heated  to  the  boiling 
point  of  the  mixture  for  2^  hours.  The  proportion  of  hydrochloride 
is  only  half  of  that  employed  in  the  previous  experiments,  as  it  was 
Found  that  the  addition  of  a  larger  quantity  prevented  the  fusion  of 
the  mixture.  The  product  was  treated  exactly  as  in  the  preparation 
of  diphenylindole  by  the  hydrochloride  method.  The  substance  dis- 
tilled under  a  pressui-e  of  10  mm.  at  315 — 330°.  The  crude  distil- 
late, which  weighed  12-5  grams,  was  purified  by  recrystallisation 
from  a  mixture  of  acetone  and  light  petroleum  ;  this  furnishes  a 
practically  pure  product.  For  analysis,  it  was  subsequently  recrys- 
tallised  from  a  mixture  of  ether  and  light  petroleum,   and  from  a 
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mixture  of  benzene  and  light  petroleum.     It  formed  tufts  of  slender 
needles,   melting  constantly  at  140 — 141°.     It  is  readily  soluble    in 
benzene,  ether,  and  acetone,  but  only  sparingly  so  in  light  petroleum. 
Analysis  gave  figures  agreeing  with  the  formula  C:;4HnN". 

01 566  gave  0-5162  CO2  and  00772  H,0.     C  =  8989  ;  H  =  5-48. 
0'2021      ,,     7-6  c.c.  moist  nitrogen  at  17°  and  762  mm.     JST  =  4'37. 
C21H17N  requires  C  =  90  28  ;  H  =  5'Si  ;  N  =  4-3*J  per  cent. 

We  have  not  overlooked  the  possibility  of  formulating  the  fore- 
going compound  as  a  peri-derivative  of  naphthalene.  In  this  case, 
however,  the  nitrogen  ring  would  consist  of  six  atoms,  and  the  com- 
pound would  not  be  an  indole,  a  class  to  which,  bearing  in  mind  its 
close  resemblance  to  the  other  indubitable  diphenylindoles  here  de- 
scribed, we  have  preferred  to  assign  it. 

Acetone  Compou7id. — This  is  very  easily  obtained.  It  crystallises 
from  a  solution  of  diphenyl-a-naphth indole  in  acetone,  or  even  from 
the  solution  in  a  mixture  of  acetone  and  light  petroleum,  unless  the 
petroleum  greatly  predominates.  It  forms  oblique  plates,  generally 
grouped  together  in  large  rosettes,  melting  between  90°  and  100°. 
The  crystals  do  not  effloresce  when  exposed  to  air. 

0-6199  gram  heated  at  110'^  lost  0-0950  gram  =  ]5-32  per  cent. 
Calculated  for  C<4llnN,C3H60  :  acetone  =  15-38  per  cent. 

Compound  with  Methyl  EtJiyl  Ketone. — Obtained,  like  the  foregoing, 
using  methyl  ethyl  ketone  as  a  solvent.  Large  rosettes  of  flat  prisms. 
Non-efflorescent. 

0-3305  gram  lost,  on  heating,  0-0610  gram  =  18-46  per  cent. 

Calculated  for  C2iHnN,C4HBO  :  methyl  ethyl  ketone  =  18-39  per 
cent. 

Compound  with  Diethyl  S^etone— Obtained  like  the  acetone  com- 
pound, using  diethyl  ketone.  Short,  flat  prisms  or  plates.  Non- 
efflorescent. 

0-1450    gram   lost,    on    heating,    0-0309    gram  =  2131    per   cent. 
Calculated  for  C^illnNjCeHioO  :  diethyl  ketone  =  21-21  per  cent. 


2'  :  S'-Diphenyl-^-napJithindole,  |  ? 

CgH5-C=CCgH"5 

As  already  mentioned,  the  hydrochloride  method  is  not,  any  more 
than  Bischler  and  Fireman's  method,  suited  for  the  prepai-ation  of 
this  compound.  On  performing  the  experiment  in  the  manner  de- 
scribed in  the  case  of  the  other  indoles,  hardly  any  water  is  elimi- 
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nated,  and  the  product  consists  mainly  of  /3-dinaphthylamine.  The 
zinc  chloride  method,  however,  gives  a  satisfactory  yield  of  the 
indole. 

21  grams  of  benzoin,  21  grams  of  yS-naphthylamine,  and  50  grams 
of  zinc  chloride  were  heated  togetlier  in  a  retort,  the  operation  being 
conducted,  and  the  product  treated,  as  in  the  preparation  of  diphenyl- 
indole  by  the  zinc  chloride  method.  It  was  twice  distilled  under 
reduced  pressure.  On  the  second  occasion  it  passed  over  at  330 — 340° 
under  a  pressure  of  15  mm.  It  was  recrystallised  first  from  benzene, 
from  which,  it  separated  in  minute,  granular  crystals ;  then  from  a 
mixture  of  acetone  and  light  petroleum,  which  deposited  it  in  small 
rosettes  of  prisms  of  a  greenish  colour.  The  colour  was  removed  by 
further  recrystallisation  from  a  mixture  of  alcohol  and  light  petroleum 
and  finally  from  alcohol  alone.  It  melted  constantly  at  166 — 167°. 
(Bischer  and  Fireman  give  the  melting  point  153 — 158°,  but  state 
that,  owing  to  the  difficulty  of  getting  rid  of  the  ;8-dinaphthylamine 
which  is  formed  in  their  process,  their  product  was  only  approxi- 
mately pure.) 

Analysis  gave  figures  agreeing  with  the  formula  Cs^HnN". 

Calculated C,  90-28         H,  5-33         N,  4-39  per  cent. 

Found C,  89-90         H,  5-46         N,  435 

Of  course  this  compound  might  be  a  ^^-naphthalene  derivative 
[2  :  3],  instead  of  as  here  represented,  an  a/?-derivative  [1  :  2]. 
Analogy,  however,  is  strongly  in  favour  of  the  assumption  which  we 
have  made. 

Acetone  Compound. — By  spontaneous  evaporation  of  a  solution  of 
diphenyl-yS-naphthindole  in  acetone,  large  prismatic  crystals  contain- 
ing acetone  of  crystallisation  were  obtained.  They  parted  with  their 
acetone  so  rapidly,  especially  on  heating,  that  they  gave  only  the 
melting  point  of  the  indole  itself.  For  analysis  they  were  dried 
between  folds  of  filter  paper. 

0-7660  gram,  heated  at  100°,  lost  0-1170  gram  =  15-27  per  cent. 
Calculated  for  C2iHnN,C3H60  :  acetone  =  15*38  per  cent. 

Colour  Reactions  of  the  2'  :  Z' -Diphenylindoles. 

With  Nitrous  acid. — When  any  of  these  indoles  is  dissolved  in 
concentrated  sulphuric  acid  and  a  few  small  crystals  of  sodium  nitrite 
ai*e  added,  an  intense  bluish-green  coloration  is  produced. 

With  Benzotrichloride  and  Zinc  Chloride. — When  the  diphenyl- 
indoles  are  heated  at  100°  with  benzotrichloride  and  a  little  zinc 
cliloride,  the  following  colour  reactions  are  observed. 

Diphenylindole.     Violet. 
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Diphenylorthotoluindole  1  y .^^^^^  changing  to  intease  red. 
Diphenylparatolmndole    J 

Diphenyl-a-naphthindole.     Red,  changing  to  dark  brown. 
Diplieny]-/3-naplxthindole,     Reddish-violet. 

These  colouring  matters  dye  silk  without  a  moi-dant,  but  the  shades 
have  no  brilliancy. 

Chemical  Department, 

University  of  Aberdeen. 


LXXIII. — Oxidation  of  Tartaric  Acid   in  presence  of 

Iron. 
By  H.  J.  H.  Fenton,  M.A. 

Whex  tartaric  acid  in  aqueous  solution  interacts  with  certain  oxidis- 
ing agents  in  presence  of  a  trace  of  a  ferrous  salt,  a  solution  is 
obtained  which  gives  a  beautiful  violet  colour  on  the  addition  of 
caustic  alkali.  I  observed  this  change  some  years  ago,  and  proposed 
it  as  a  distinguishing  test  for  tartaric  acid.  Tartaric  and  racemic 
acids  are  the  only  substances  yet  examined  which  behave  in  this  way, 
citric,  malic,  succinic,  oxalic,  and  a  variety  of  other  acids  having  been 
tried  with  negative  results.  The  solution  to  be  examined  is  mixed 
with  a  drop  of  ferrous  sulphate  solution,  followed  by  a  drop  of 
hydrogen  peroxide,  and  then  made  alkaline  with  caustic  soda  or  potash. 
Acids  destroy  the  colour,  but  alkalis  restore  it.  Excess  of  ferrous 
salt  or  of  oxidising  agent  prevents  or  destroys  the  effect. 

It  was  observed  subsequently  that  the  iron  may  be  removed 
from  the  acid  solution  by  precipitation  with  a  ferrocyanide ;  the 
filtered  liquid  has  very  powerful  reducing  properties,  and,  with  ferric 
chloride  and  alkali,  gives  a  violet  colour,  which  is  changed  to  a 
transient  emerald-green  by  dilute  mineral  acids.  The  effects  are 
very  similar  to  those  given  by  ferric  chloride  with  pyrocatechin  or 
with  phloroglucin. 

Chlorine  water,  hypochlorites,  barium  peroxide,  sodium  peroxide, 
or  potassium  permanganate  may  be  employed  as  oxidising  agents  in 
place  of  hydrogen  dioxide,  but  the  resnltd  are  not  so  good. 

Nitric  and  nitrous  acids  are  inactive  in  this  respect,  as  also,  appa- 
rently, is  ozone.  If,  however,  ozonised  air  is  passed  into  ether,  it 
becomes  strongly  active ;  this  is,  perhaps,  due  to  the  formation  of 
ethyl  peroxide. 

If  moist  ferrous  tartrate,  prepared  by  precipitation,  is  exposed  to 
the  air  for  about  10  minutes  and  then  treated  with  excess  of  caustio 


900  FENTON:   OXIDATION   OF   TARTARIC   ACID  ' 

alkali,  a  faint  violet  coloration  is  produced,  and  from  comparative 
experiments  it  would  appear  that  fresh  external  air  is  more  active 
than  the  air  of  a  room.  I  hope,  shortly,  to  make  further  experiments 
in  this  direction. 

If  a  strongly  alkaline  solution  of  a  tartrate,  containing  a  trace  of 
ferrous  salt,  be  electrolysed,  using  platinum  electrodes,  beautiful 
violet  striae  will  appear  round  the  anode,  and  a  strong  solution  of  the 
substance  may  be  produced  in  this  manner  if  the  temperature  is  kept 
low.  Or,  if  a  strong  solution  of  tartaric  acid  is  electrolysed,  using  an 
iron  anode,  the  liquid  turns  yellow  round  the  anode,  and  on  the  addi- 
tion of  caustic  alkali  this  changes  to  violet. 

In  order  to  throw  some  light  on  the  nature  of  this  reaction,  experi- 
ments were  made  with  standard  solutions  of  tartaric  acid,  ferrous 
sulphate,  and  hydrogen  peroxide.  Measured  volumes  of  these  solutions 
were  mixed  in  the  order  named,  made  alkaline  with  soda,  diluted  to 
the  same  volume  in  tall  glasses,  and  the  depths  of  violet  colour  com- 
pared. With  equal  quantities  of  tartaric  acid  and  a  fixed  proportion 
of  iron,  it  was  observed  that  the  depth  of  colour  increased  with  in- 
creasing quantities  of  hydrogen  peroxide  up  to  a  certain  limit,  beyond 
which  the  colour  diminished  as  the  peroxide  increased,  and  beyond 
a  certain  point  disappeared  altogether.  The  maximum  was  always 
produced  when  the  ratio  was  1  mol.  of  tartai-ic  acid  to  1  atom,  or 
slightly  more,  of  available  oxygen  ;  and  the  complete  disappearance 
of  colour  occurred  when  the  ratio  was  1  mol.  of  tartaric  acid  to  5  atoms 
of  available  oxygen. 

In  the  next  series  of  experiments,  the  proportion  of  iron  was  varied 
from  1  atom  to  y^  atom  for  1  mol.  of  tartaric  acid,  and  it  was  found 
that  the  ratio  of  oxygen  to  tartaric  acid  required  to  produce  the 
maximum  colour,  and  the  discharge  of  colour,  remained  practically 
unchanged. 

From  these  results,  it  seems  probable  that  the  iron  acts  in  a  manner 
usually  termed  "  catalytic,"  a  very  small  quantity  of  iron  being 
sufficient  to  determine  the  oxidation  in  this  direction  of  an  almost 
unlimited  amount  of  tartaric  acid. 

Ferric  salts  are  quite  inoperative  in  bringing  about  the  change, 
but  if,  in  the  first  instance,  the  quantity  of  ferrous  salt  is  very  small, 
the  colour  produced  by  the  alkali  is  greatly  intensified  by  adding  a 
few  drops  of  ferric  chloride.  It  would  appear  that  ferrous  salt  is 
essential  in  producing  the  compound,  and  that  ferric  salt  gives  the 
violet  coloration  with  the  compound  produced. 

Many  attempts  were  made  with  a  view  of  isolating  this  colour- 
giving  substance,  but,  owing  to  the  unstable  character  of  the  solution, 
the  problem  was  an  exceedingly  difficult  one.  Exposui-e  to  the  air, 
heating,    or   even   evaporation   in   a   vacuum,    seem   to   destroy   it. 
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Dialysis,  in  an  inert  atmospliere,  fractional  precipitation  by  various 
metallic  salis,  and  extraction  by  various  solvents  under  different  con- 
ditions, were  also  tried  without  success.  Subsequently,  whilst 
experimenting  with  very  strong  solutions  of  ferrous  tartrate  and 
hydrogen  peroxide,  I  observed  that  it  was  possible  to  extract  a  minute 
quantity  of  a  substance  which  gave  a  violet  coloration  with  ferric 
chloride  and  caustic  alkali,  but  the  quantity  was  too  small  for  further 
examination.  It  seemed  probable,  from  this  result,  that  the  substance 
divides  itself  very  unequally  between  water  and  ether,  and  that  the 
addition  of  a  dehydrating  agent  would  enable  the  ether  to  extract  a 
larger  quantity.  This  was  tried  with  considerable  success — strong 
sulphuric  acid,  dry  hydrogen  chloride,  phosphorus  pentoxide,  alcohol, 
many  dehydrated  salts,  and  even  finely  divided  silica,  very  greatly 
increased  the  quantity  of  substance  which  ether  was  able  to  extract. 
On  evaporating  the  ether,  a  white  powder  was  left,  generally 
amorphous,  but  sometimes  semi-crystalline ;  it  was  sparingly  soluble 
in  cold  water,  acted  as  a  powerful  reducing  agent,  and,  with  ferric 
chloride,  gave  the  characteristic  reaction  mentioned  above. 

The  substance  prepared  in  this  way  gave  somewhat  variable  results 
on  analy.eis,  and  the  yield  was  so  small  as  to  make  the  method  almost 
prohibitive  owing  to  the  cost  of  production.  Whilst  engaged  in  these 
experiments,  however,  it  was  observed  that,  occasionally,  a  minute 
quantity  of  brilliant,  white  crystals  appeared  in  the  liquid  on  sfanding 
■after  addition  of  the  dehydrating  agent,  and  these  proved,  on  examina- 
tion, to  be  identical  in  reactions  with  the  substance  extracted  by 
ether.  Their  production  was  at  first  very  uncertain,  but,  recently,  I 
have  worked  out  the  conditions  by  which  they  may  be  obtained  with 
certainty  and  in  considerable  quantity.  The  method  which  gives  the 
best  result  is  as  follows: — Tartaric  acid  is  dissolved  in  the  least 
possible  quantity  of  hot  water;  finely-divided  iron  (ferrum  redactum) 
is  added,  and  the  liquid  boiled  until  all  the  iron  has  disappeared. 
The  quantity  of  iron  must  be  insufficient  to  cause  a  separation  of 
ferrous  tartrate  when  the  action  is  finished ;  about  -^^^  part  of  the 
weight  of  tartaric  acid  employed  answers  well,  but  the  final  result 
docs  not  appear  to  be  much  influenced  by  the  proportion  of  iron  in 
solution,  at  any  rate,  within  considerable  limits.  The  solution, 
filtei'ed,  if  necessary,  through  cotton  wool,  is  carefully  cooled,  sur- 
rounded by  ice,  and  hydrogen  peroxide  (20  volume)  added  in  small 
quantities  at  a  time,  allowing  a  few  minutes  to  elapse  between  each 
addition.  The  first  portions  of  the  peroxide  merely  produce  a  yellowish 
colour,  but,  as  the  action  proceeds,  each  addition  produces  a  dark 
green  or  nearly  black  appearance,  transient  at  firt<t,  but  becoming 
more  and  more  persistent.  When  this  dark  colour  remains  for  two 
or  thi'te  minutes,  it  is  a  rough  guide  that  sufficient  peroxide  has  been 
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added,  although  it  is,  perhaps,  safer  to  oalcalate  the  quantity  neces- 
sary from,  the  proportions  indicated  in  the  colour  experiments  men- 
tioned above.  Gfreat  care  must  be  taken  not  to  add  an  excess  of  the 
peroxide,  or  the  whole  of  the  material  will  be  wasted.  l!^ordhausen 
sulphuric  acid  is  now  added  by  means  of  a  thistle  funnel,  drawn  out 
to  a  fine  point,  in  very  small  quantities  at  a  time,  cooling  carefully 
between  each  addition,  preferably  by  ice  and  salt.  The  quantity 
added  is  a  matter  of  importance,  too  much  or  too  little  giving  an 
indifferent  yield  of  the  substance  ;  the  best  proportion  is  found  by  ex- 
perience to  be  about  xV^li  of  the  total  volume  of  the  liquid  operated  on. 
The  mixbure,  still  surrounded  by  ice,  is  put  aside  in  a  cold  place,  and 
after  a  few  hours  crystals  begin  to  form ;  the  first  deposit  is  often  dis- 
coloured and  the  crystals  small,  but  the  subsequent  crops  are  beauti- 
fully white  and  pure.  If  the  experiment  is  properly  conducted,  and 
the  liquid  kept  sufficiently  cool,  crystals  coniinue  to  form  for  several 
days,  but  the  greater  part  is  deposited  within  about  24  hours. 

The  crystals  are  collected  with  the  aid  of  a  pump,  carefully 
drained,  and  washed  repeatedly  with  small  quantities  of  cold  water. 
After  again  thoroughly  draining,  they  are  spread  on  filter-paper  and 
air-dried.  They  appear  to  undergo  no  change  in  the  air,  even  after 
several  weeks'  exposure. 

Properties. — The  substance  obtained  in  this  manner  has  the  appear- 
ance of  a  shining  crystalline  mass  with  a  pearly  lustre.  The  crystals 
are  described  by  Mr.  Solly  as  follows : — "  Thin,  orthorhombic, 
diamond- shaped  plates,  100  A  110  =  52°  35'.  Cleavage  perfect 
parallel  to  010.  The  plane  of  the  optic  axes  probably  parallel  to  001, 
the  basal  plane.  The  direction  of  greatest  optic  elasticity  parallel 
to  100,001." 

The  substance  dissolves  very  sparingly  in  cold  water,  ether,  or 
acetic  acid,  but  more  readily  in  ethylic  or  methylic  alchol,  or  in 
warm  water,  or  hot  acetic  acid.  It  may  be  recrystallised  from  hot 
water,  but  with  considerable  loss,  since  decomposition,  with  evolution 
of  carbon  dioxide,  takes  place  rapidly  at  about  50 — 60°,  and  slowly 
even  at  ordinary  temperatures.  The  crystals  give  off  water  when 
heated,  or  when  placed  in  a  vacuum  over  sulphuric  acid,  a  white, 
amorphous  powder  being  left.  If  the  dehydrated  substance  is  dis- 
solved in  absolute  alcohol,  and  a  few  drops  of  water  added,  a  crystal- 
line precipitate  of  the  hydrated  substance  is  thrown  down.  The 
dehydrated  substance  begins  to  decompose,  without  melting,  at  about 
155°. 

The  aqueous  solution  has  a  strongly  acid  taste,  and  gives  an  acid 
reaction  with  indicators.  It  rapidly  reduces  silver,  cupric,  and  mer- 
curic salts,  potassium  permanganate,  &c.  Ferric  chloride  gives  a 
blackish   colour,  changing  to  a  beautiful  violet  on  the  addition  of 
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caustic  alkali,  and  to  a  transient  emerald-green  when  acidified  with 
dilate  sulphuric  acid.  Lead  acetate  gives  a  yellow  precipitate,  barium 
chloride  a  white  crystalline  precipitate,  and  silver  nitrate  a  white 
precipitate  quickly  turning  black.  These  precipitates  all  give  the 
original  substance  on  treatment  with  acids.  Carbamide  gives  a  white 
crystalline  precipitate  with  the  alcoholic  solution. 

Hydroxylamine  hydrochloride  gives  a  crystalline  precipitate  con- 
sisting of  long,  narrow,  obliquely  modified  prisms ;  but  its  formation 
is  somewhat  uncertain,  and  the  conditions  have  yet  to  be  investi- 
gated . 

Phenylhydrazine  appears  to  give  three  distinct  compounds,  perhaps 
more.  The  first  is  obtained  as  a  yellow,  amorphous  powder  on  add- 
ing a  limited  quantity  of  alcoholic  phenylhydrazine  to  an  excess  of 
the  dehydrated  substance  in  alcohol.  The  second  comes  down  slowly 
in  beautiful  silver-white,  flat,  oblique  plates,  when  excess  of  phenyl- 
hydrazine  in  alcoholic  or  acetic  acid  solution  is  added  to  a  cold  dilute 
alcoholic  solution  of  the  hydrated  substance  ;  when  collected  by  the 
aid  of  a  filter-pump  it  has  a  very  brilliant  appearance,  almost  like 
that  of  metallic  silver.  The  third  compound  is  obtained  in  beautiful 
golden  plates  if  the  solutions  are  heated  after  mixing.  The  second 
silver-like  compound  seems  to  change  spontaneously  into  this  golden 
substance  after  a  short  time,  but  whether  this  is  due  to  dehydration 
or  to  the  action  of  light,   &c.,  has  not  yet  been  made  out. 

In  aqueous  solution  the  substance  slowly  decomposes,  giving  off 
bubbles  of  gas,  and  after  a  few  hours  a  weak  solution  has  lost  its 
original  properties.  When  heated  to  about  60°,  the  decomposition  is 
very  rapid,  carbon  dioxide  is  evolved  with  effervescence,  and  the 
solution  ceases  to  give  the  ferric  chloride  reaction  after  a  few  minutes. 
The  solution  which  has  been  heated,  leaves  a  gummy  mass  when 
evaporated  in  a  vacuum  over  sulphuric  acid ;  this  acts  as  a  powerful 
reducing  agent,  giving  a  silver  "  mirror  "  with  ammoniacal  silver 
nitrate,  and  reducing  Fehling's  solution  in  the  cold  ;  it  also  gives  the 
"  aldeliyde  reaction"  with  magenta  decolorised  by  sulphurous  acid, 
whereas  the  original  acid  does  not. 

If  the  solution  is  boiled,  neutralised  with  chalk,  filtered,  aniline 
oxalate  added,  and  the  liquid,  after  filtering,  heated,  an  orange  colour 
and  precipitate  is  produced  (Perkin's  reaction).  With  dimethylaniline 
and  mercuric  chloride  a  blue  colour  is  produced  after  heating  for 
some  time  (Bottinger).  From  these  results,  glyoxylic  acid  seems  to 
be  indicated,  but  later  experiments  show  that  the  quantity  of  acid  is 
very  small,  the  neutralising  power  being  insignificant  as  compared 
with  the  reducing  power.  The  main  product  appears  to  be  an  alde- 
hyde ;  the  latter  is  now  being  investigated. 

If  the  original  substance  is  heated  with  a  concentrated  solution  of 
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hydrogen  iodide,  a  copious  liberation  of  iodine  takes  place  after  a 
few  minutes.  Three  or  four  grams  of  the  original  acid  were  heated 
with  excess  of  fuming  hydrogen  iodide  at  about  100°  in  a  stoppered 
bottle,  and  small  pieces  of  phosphorus  were  added  from  time  to  time 
until  the  liquid  became  colourless.  After  heating  on  a  water-bath 
until  most  of  the  hydrogen  iodide  was  expelled,  the  liquid  was  evapo- 
rated to  dryness,  and,  on  heating  the  solid  residue,  white  fumes  were 
evolved  which  condensed  upon  a  cold  surface  as  a  crystalline  mass; 
this,  on  re- sublimation,  yielded  white,  feathery  crystals  which  melted 
at  about  116°.  These,  after  crystallisation  from  water,  melted  at 
180 — 182°,  and  by  optical  examination  and  by  the  characteristic 
reaction  with  ferric  chloride,  were  found  to  be  succinic  acid. 

0-1806  gave  0-2666  CO^  and  0-0782  H^O.    C  =  4025;  H  =  481. 
Succinic  acid  requires  C  =  40-67  per  cent. ;   H  =  5-08  per  cent. 

In  other  experiments,  it  was  observed  that  if  the  heating  with 
hydrogen  iodide  were  not  continued  too  long,  a  crystalline  substance 
separated  as  the  liquid  cooled;  on  recrjstallisation  from  water, 
this  was  found  to  melt  at  about  191°.  It  gives  no  reaction  with 
ferric  chloride,  but  if  treated  with  ferrous  sulphate  and  hydrogen 
dioxide,  in  the  manner  described  above,  it  gives  the  tartaric  acid 
reaction.  From,  its  high  melting  point,  racemic  acid  was  suspected, 
and  this  has  since  been  confirmed  by  a  careful  optical  examination  by 
Mr.  Solly. 

Analysis  of  the  Original  Crystals. —  Thoroughly  air-dried  specimens 
gave  the  following  results  on  combustion. 

I.  0-2262  gave  0-2158  CO^  and  0-0878  H,0  ;  C  =  26-01 ;  H  =  4-31. 
II.  0-1673  gave  01603  COo  and  0-0642  H,0  ;  C  =  26-13  ;  H  =  4-26. 

III.  0-2201  gave  0-2094  COo  and  0-0829  H^O;  C  =  2594;  H  =  4-18. 

The  specimens  analysed  in  I  and  II  were  obtained  as  the  third  crop 
of  crystals  in  the  original  preparation,  and  that  in  III  was  a  specimen 
which  had  been  recrystallised  from  hot  water. 

Estimation  of  Water. — The  substance  was  placed  in  a  vacuum  over 
sulphuric  acid  until  the  weight  was  constant. 

I.  0-5743  lost  0-1097  H^O  =  19-10  per  cent. 

II.  0-4932  lost  0-0948  HjO  =  J9'22  per  cent. 

The  weight  became  constant  after  two  days  or  less,  and  no  further 
loss  took  place  even  after  four  weeks. 

Heated  in  a  current  of  dry  hydrogen  until  the  weight  was  con- 
stant. 

III.  0-5477  lost  0-1073  HoO  at  80°  =  19-59  per  cent. 
IV.  0-1611  lost  0-0314  HjO  at  60°  =  19-49  per  cent. 

V.  0-2041  lost  00399  HjO  at  £0°  =  19-54  per  cent. 
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No  further  loss  occurred  at  100°. 

It  appears  from  these  results  that  the  substance  cannot  be  com- 
pletely dehydrated  at  ordinary  temperatures  in  a  vacuum  over 
sulphuric  acid. 

Analysis  of  the  Dehydrated  Substance. — The  residue  from  Experi- 
ment IV  (0-1297  gram),  on  combustion,  gave  0-1542  CO.,  and  0-0308 
H2O ;  C  =  32-40;  H  =  2-63  per  cent. 

The  residue  from  Experiment  V  (0-1642  gram),  on  combustion, 
gave  01966  CO,  and  0-0393  H.O  ;  C  =  32-65  ;  H  =  2-61  per  cent. 

The  specimens  dried  in  a  vacuum,  which  were  analysed  in  the 
first  instance,  gave  an  average  of  30-8  per  cent.  C  and  2-8  per  cent.  H. 

Methylic  Salt. — To  prepare  this  compound,  the  original  substance 
is  dissolved  in  the  least  possible  quantity  of  methylic  alcohol  (about  1 
in  8)  and  dry  hydrogen  chloride  passed  into  the  solution.  A  white, 
amorphous  substance  begins  to  deposit  as  soon  as  the  liquid  is  satu- 
rated with  the  gas,  and  continues  to  come  down  for  some  hours,  after 
which  it  is  deposited  in  a  beautifully  crystalline  form.  The  liquid  is 
then  drained  off  by  means  of  a  pump,  the  solid  washed  with  small 
quantities  of  cold  methylic  alcohol,  and  dried  in  a  steam  cupboard. 
It  may  then  be  recrystallised  from  boiling  methylic  alcohol,  glacial 
acetic  acid,  or  benzene.  The  crystals  originally  produced,  and  often 
on  first  recrystallising  from  methylic  alcohol  (a),  consist  of  long, 
slender,  oblique  prisms.  A  makes  with  the  long  edges  of  the  prism 
an  angle  of  37|°.  Optically  j9os^Y^^7e.  In  convergent  light  gives  an 
unsjmmetric  optic  picture.  When  recrystallised  a  second  time  (6), 
the  crystals  are  very  different  in  habit ;  they  consist  of  a  number  of 
very  nearly  square  plates  twined  together,  and  built  up  in  rows  nearly 
at  90°  apart.  Optically  negative.  The  first  mean  line  is  apparently 
perpendicular  to  the  basal  plane.  The  second  mean  line  makes  an 
angle  of  17°  with  a  prism  edge. 

Both  these  modifications  give  identical  results  on  analysis,  as  will 
be  seen  below.  The  difference  may  possibly  be  caused  by  a  trace  of 
some  impurity,  but  if  so  the  quantity  is  too  small  to  be  detected. 
When  heated  to  about  150°,  the  substance  may  be  easily  vaporised, 
and  condensed  upon  a  cold  surface  in  crystals  which  are  identical 
with  those  obtained  by  repeated  recrystallisation  (6).  Heated  in  a 
capillary  tube,  these  modifications  all  melt  at  about  151°,  but  the 
exact  point  is  difficult  to  observe  owing  to  the  volatility  of  the 
substance.  It  is  very  sparingly  soluble  in  cold  acetic  acid  and  ether, 
rather  more  so  in  cold  methylic  or  ethylic  alcohol,  and  fairly  easily 
in  these  liquids  when  hot. 

When  treated  with  caustic  alkalis,  a  jlemon-yellow  coloration  is 
produced.  If  ferric  chloride  is  added  to  the  alkaline  mixture  no 
effect  occurs  at  first,  but  after  a  few  minutes  the  characteristic  violet 
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colour  is  produced.     This  effect   is    evidently   due   to    the   gradual 
"  saponification"  of  tbe  ethei-eal  salt. 

I.  0-1619  gave  0-2386  CO2  and  0-0644  H.O;  C  =  40-19;  H  =  4-41. 
II.  0-1506  gave  0-2249  CO^  and  0-0568  H^O  ;  C  =  40-72 ;  H  =  4-18. 

III.  0-1824  gave  0-2733  CO2  and  0-0729  H^O  ;  C  =  40-86;  H  =  4-44. 

IV.  0-2224  gave  0  3331  CO2  and  0-0897  H2O  ;  C  =  40-84 ;  H  =  4-48. 

I  was  sublimed  on  a  watch  glass,  II  and  HI  were  the  result  of  a 
first  recrystallization,  and  IV  of  a  second  recrystallisation. 

Ammonium  Salt. — Aqueous  ammonia  is  added  to  a  solution  of  the 
jicid  in  dilute  alcohol  until  it  is  just  alkaline  to  litmus  paper.  The 
salt  begins  to  separate  after  a  few  minutes.  The  crystals  consist 
of  flat,  nearly  square,  plates.  Optically  positive.  The  first  mean 
line  inclined  to  the  basal  plane,  as  only  one  optic  axis  with  rings  is 
seen.     The  second  mean  line  is  parallel  to  one  of  the  prism  edges. 

The  salt  dried  in  a  vacuum  does  not  lose  weight  when  heated  in 
dry  hydrogen  at  90°. 

0-2108  gave  0-2023  CO2  and  0-1086  H^O  ;  C  =  26-]  7;  H  =  5-72. 

0-1751  gave  22-6  c.c.  of  nitrogen  at  17°  and  757-3  mm. ;  H  =  15-19. 

0-3495  gave  45  c.c.  of  nitrogen  at  19°  and  755-6  mm. ;  N  =  15-01. 

Sodium  Salt. — This  may  be  prepared  either  by  adding  alcoholic 
soda  to  a  solution  of  the  acid  in  dilute  alcohol  until  alkaline,  washing 
with  a  little  water  and  then  with  alcohol,  or  by  neutralizing  the  acid 
with  sodium  carbonate,  when  crystals  separate  after  an  hour  or  two 
if  the  solution  is  sufficiently  strong.  They  are  long,  narrow,  obliquely 
developed  prisms.     H.  parallel  to  long  edge  of  the  prism. 

The  salt  is  somewhat  sparingly  soluble  in  cold  water.  It  does  not 
appear  to  be  altered  in  a  vacuum  over  sulphuric  acid,  and  the  salt 
dried  in  a  vacuum  does  not  lose  weight  even  at  140"  in  a  current  of 
dry  hydrogen. 

Analysis  gave  the  following  results. 

I.  0-2269  gave  0-2031  CO2  and  0-0260  H2O  ;  C  =  24-41 ;  H  =  1-27. 
•  II.  0-1985  gave  0-1441  Na-SOi;  Na  =  23-51  per  cent. 

III.  0-1453  gave  0-1043  Na^SOi ;  Na  =  23-25  per  cent. 

IV.  0-2976  gave  0-2142  NaaSO* ;  Na  =  23-31  per  cent. 

Barium.  Salt. — The  crystalline  precipitate,  obtained  by  adding 
barium  chloride  to  an  aqueous  solution  of  the  acid,  was  dried  under 
diminished  pressure  at  50  —60°  until  the  weight  was  constant. 

0-8941  gave  0-5520  BaCOa ;  Ba  =  42'93  per  cent. 

Formula  for  the  Acid. 

The  results  of  the  above  analysis  agree  closely  with  the  empyi-ical 
formula,  C2H203,  for  the  dehydrated  acid,  and  C2H203,H20  for  the 
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crystals.  It  is  evident,  from  the  composition  of  the  salts,  that  the 
number  of  carbon  atoms  in  the  molecule  must  be  even,  since  two 
atoms  of  carbon  are  present  for  each  atom  of  "replaceable  "  hydrogen. 
The  direct  production  of  the  acid  from  tartaric  acid,  and  the  forma- 
liou  of  succinic  acid  by  interaction  with  hydrogen  iodide,  suggest 
the  formula  C4H4O6,  whereas  some  of  the  properties  of  the  acid  might 
lead  one  to  expect  a  higher  multiple.  It  was  important,  therefore, 
to  obtain  conclusive  evidence  as  to  its  molecular  weight. 

Attempts  were  made,  in  the  first  instance,  to  determine  the  vapour 
density  of  the  methylic  salt.  Hofmann's  apparatus  was  employed, 
and  the  heating  liquids  tried  were  amylic  alcohol,  crude  xylene,  oil 
of  turpentine,  and  aniline.  With  the  two  first  named,  the  vaporiza- 
tion of  the  substance  was  so  slow  as  to  make  the  determination 
pi-actically  impossible,  and  with  both  turpentine  and  aniline  there 
were  signs  of  decomposition.  The  experiment  had,  therefore,  to  be 
abandoned  for  the  time,  since  no  liquid  boiling  at  the  required 
temperature  was  available  in  sufficient  quantity.  Dumas'  method 
was  also  tried,  using  an  oil  bath  at  150 — 155°,  but  owing  to  the  slow 
rate  of  vaporization  it  was  impossible  to  displace  more  than  about 
^  of  the  air. 

The  next  experiments  were  made  by  a  vapour  pressure  method 
first  suggested,  I  believe,  by  Ostwald,  in  the  apparatus  and  after  the 
manner  i*ecommended  by  Will  and  Bredig  {Ber.,  1889,  1084). 

A  current  of  dry  air  is  drawn  first  through  the  solution  of  the 
substance  in  absolute  alcohol,  and  then  through  alcohol  alone,  the 
loss  of  weight  of  each  being  determined.  The  air  after  being 
thoroughly  dried  is  led  through  (a)  a  leaden  spiral,  {h)  a  set  of  three 
potash  bulbs  sealed  together  containing  the  solution,  (c)  a  similar  set 
containing  the  solvent,  (tZ)  an  empty  JJ-tube,  and  lastly  through  a 
drying  apparatus  to  the  aspirator.  The  parts  of  the  apparatus  a,  h,  c, 
and  d,  are  immersed  together  in  a  large  bath  through  which  a  very 
gentle  stream  of  water  flows  frona  a  cistern.  Will  and  Bredig  use 
a  motor  to  keep  the  temperature  uniform,  but  the  arrangement  men- 
tioned seemed  to  answer  almost  as  well,  and  the  temperature  of  the 
bath  did  not  alter  more  then  2°  during  a  determination.  Abont 
18 — 25  litres  of  air  were  drawn  through  the  apparatus  in  each 
•experiment  at  the  rate  of  |^  to  1  litre  per  hour.  In  some  experiments 
the  air  was  passed  through  alkaline  ferrous  tartrate  and  alkaline 
pyrogallol  in  the  first  instance,  in  order  to  avoid  any  risk  of  oxidation, 
but  this  precaution  appeared  to  be  unnecessary. 

If  Si  =  the  loss  experienced  by  the  solution  containing  Wi  grams 

•of  substance  in  Wj  grams  of  solvent,  and  82  =  the  loss  experienced 

p p  „ 

by  the  solvent,  it  follows,  from  the  relation  — :^ — L=—- that 

^  '  P  JS  +  w 

3  T  2 
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MS  Wi 
the  molecular  weight  =  -     '      ,  where  M  =  the  molecular  weight 

of  the  solvent. 

The  following  results  were  obtained  using  the  dried  acid,  with 
absolute  alcohol  as  solvent. 

[M  =  46]. 

Si.                 S2.                 Wi.  W2.  Mol.  wt. 

I.     0-8106  0-0213  3-8256  36-08  185 

II.     1-9974  0-0339  5-3359  62-25  232 

III.     1-2922  0-0313  42572  5268  153 

lY.     2-0130  0-0743  4-4163  41-70  131 

It  is  not  surprising  that  the  results  should  differ  considerably,  since 
au  error  of  a  few  milligrams  in  weighing  the  bulbs  containing  the 
solvent  would  make  a  very  great  difference  in  the  result,  and  such  an 
error  is  probable  considering  the  bulky  nature  of  the  apparatus  to  be 
weighed,  and  the  conditions  of  the  experiments.  Still  the  average 
number  pointed  clearly  to  the  formula  C4H4O6.      (Mol.  wt.  =  148.) 

Freezing  point  determinations  were  hardly  applicable  to  the  acid 
itself  owing  to  its  very  sparing  solubility  in  cold  acetic  acid,  water, 
benzene,  melted  phenol,  naphthalene,  stearin,  &c. 

The  boiling  point  method  was,  therefore,  next  tried,  in  the  ap- 
paratus recommended  by  Sakurai  (Trans.,  1892,  61,  p.  994).  Absolute 
alcohol,  dehydrated  by  copper  sulphate  and  boiling  at  78-3°,  was  used 
as  the  solvent,  and  the  dried  acid  was  examined. 

In  order  to  estimate  the  contents  of  the  solution  after  the  experi- 
ments I,  II,  and  III,  the  weighed  quantity  of  solution  was  diluted 
with  water  and  titrated  with  soda,  which  had  been  standardized  by  the 
same  dry  acid.  In  experiment  IV,  the  quantity  was  estimated  by 
weighing  in  a  vacuum  the  residue  left  on  evaporation. 

The  following:  results  were  obtained. 


Boiling  point. 

r             -^           -^ 
Solvent.       Solution. 

Grams  of 
substance. 

Grams  of 
solvent. 

Mol.  wt 

I. 

3-310        3-390 

0-1503 

10-4835 

205 

II. 

3-555        3-805 

0-5177 

170695 

139 

III. 

3-330        3-500 

0-3047 

10-5181 

195 

IV. 

3-260        3-430 

0-2311 

12-3892 

126 

The  alcoholic  solution  of  the  acid  had  rather  a  tendency  to  froth  up 
on  boiling,  which  made  the  experiments  somewhat  difficult. 

The  most  satisfactory  results,  however,  were  obtained  with  the- 
methylic  salt;  this  substance,  although  very  sparingly  soluble  in  cold 
acetic  acid,  or  benzene,  dissolves  fairly  well  in  melted  phenol  oi' 
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melted  naplithalene,  so  that  it  is  possible  to  determine  its  molecular 
weiglit  by  tbe  freezing  point  method. 

The  following  were  the  results  with  phenol  as  solvent. 

Freezing  point. 

f ' ^  Grrams  of  Grrams  of 

Solvent.       Solution.  substance.  phenol.  Mol.  -wt. 

I.  3-200  3-015  0-0593  11-62  209 

11.  3-200  2-560  0-1820  11-62  185 

III.  4-640  4-355  0-1904  27-36  188 

IV.  4-672  3-900  0-2758  15'14  179 

and  with  naphthalene  as  solvent, 

V.     4-075        3-735  0-1257  13-48  189 

The  "  constants  "  for  phenol  and  for  naphthalene  are  taken  as  76 
and  69  respectively.  The  calculated  value  of  the  molecular  weight 
for  C4H2(CH3)206  is  176. 

The  dry  acid  must,  therefore,  be  represented  as  a  bibasic  acid 
having  the  formula  C4H4O6,  and  the  original  crystals  as  C4H406,2H20. 

In  the  following  table,  the  results  calculated  from  this  formula 
are  compared  with  those  obtained  by  analysis.  It  will  be  observed 
that  the  agreement  is  everywhere  very  close  except  in  the  case  of 
the  sodiam  salt,  where  the  results  are  somewhat  low ;  it  would  seem, 
therefore,  that  it  retains  water,  even  at  140°.  The  barium  salt 
agrees  exactly  with  the  calculated  result  if  it  be  considered  as  the 
hydi-ated  normal  salt. 

Original  Crystals. 

Found. 

f '■ -^  Calculated  for 

I.  II.  III.  C4H40e,2Il20. 

C 26-01     26-13     25-94  26-08  per  cent. 

H 4-31      4-26      418  402 

HjO 19-59     19-49     19-54  1966 

Dry  Acid. 

Found. 
I, »- ^  Calculated  for 

I.  II.  C4H,06. 

C 32-40       32-65  32-43  per  cent. 

H 2-63        2-61  2-70 

Methylic  Salt. 

Found. 

f " ,  Calculated  for 

I.             II.          III.          IV.  C4H2(CHj)20r,. 

C 40-19    40-72    40-86    40-84  40-99  p.  c. 

H 4-41      4-18      4-44      4-48  4-54    „ 
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Ammonium  Salt. 
Found. 


I.  II.  III. 

C 26-17       —         — 

H 5-72       —         — 

N —  15-19  15-01 

Sodium  Salt. 
Found. 


f 

I. 

C 24-41 

H 1-27 

Na — 


II. 


III. 


IV. 


23-51     23-25     2331 


Calculated  for 

C4S2(NH,)206. 

26-37  per  cent. 
5-48 
15-38 


Calculated  for 
C4n4Na206. 
25-00  p.  c. 

1-04     „ 
23-95     „ 


Ba 


Barium  Salt. 

Found. 
.      42-93 


Calculated  for 
C4HoBa06,2H20. 
42-94  per  cent. 


Titration  of  the  Acid  with  Soda. — 0-6481  gram  of  the  original 
crystals  dissolved  in  water,  and  titrated  with  soda  (prepared  from 
metallic  sodium)  containing  0-007268  gram  Na  per  c.c,  required 
22-8  c.c.  for  neutralization,  plienolphthalem  being  used  as  indicator. 
=  0-1657  gram  Na.  Theory  for  a  bibasic  acid  of  the  formula  CiHgOa 
=  0-1620  gram  Na  =  22-29  c.c. 

The  properties  of  these  two  acids  are  very  different ;  dihydroxy- 
tartaric  acid  (Miller,  Ber.,  22,  2015)  crystallises  in  prisms,  melts 
and  decomposes  at  98°,  is  very  easily  soluble  in  cold  water,  and 
gives  no  reaction  with  ferric  chloride. 

The  "  constitution  "  of  the  acid  might,  of  course,  be  easily  con- 
jectured from  the  results  above  recorded,  but  I  prefer  to  leave  the 
consideration  of  this  point  to  a  future  communication,  in  which  I 
hope  to  give  an  account  of  its  phenylhydrazine  and  hydroxylamine 
compounds  and  of  the  interaction  of  the  acid  with  acetyl  chloride 
and  other  agents. 

In  conclusion,  I  wish  to  express  my  best  thanks  to  Mr.  R.  H. 
Solly,  M.A.,  Demonstrator  of  Mineralogy,  for  his  kindness  in 
examining  and  describing  the  various  specimens  of  crystals. 

University  Chemical  Laboratory, 
Cambridge. 
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LXXIV. — Tlie  Specyic  Character  of  the  Fermentative 

Functions  of  Yeast  Cells. 

By  Adrian  J.  Brown. 

The  usually  accepted  view  regarding  the  cause  of  the  exhibition  of 
Ihe  fermentative  functions  of  yeast  cells  is  that  it  is  the  result  of 
cell-life  in  a  fermentable  medium  when  deprived  of  free  oxygen. 
This  well-known  theory  concerning  fermentation  is  due  to  M. 
Pasteur. 

In  a  paper  on  the  influence  of  oxygen  on  alcoholic  fermentation 
(Trans.,  1892,  61,  369),  I  described  some  experiments  the  results  of 
which  appeared  to  disagree  with  M.  Pasteur's  theory,  and  others, 
carried  out  more  recently,  have  emphasised  this  disagreement.  Before 
entering  on  this  question,  however,  it  is  as  well  to  recall  briefly 
Pasteur's  experiments  and  his  interpretation  of  their  results,  the 
most  recent  and  complete  account  of  which  is  to  be  found  in 
his  Etudes  sur  la  hicre,  Chap.  VI,  "  Theorie  physiologique  de  la 
fermentation."  In  this  recapitulation,  no  reference  will  be  made  to 
Pasteur's  experiments  on  the  growth  of  moulds,  fungi,  and  bacteria 
in  fermentable  media,  as  it  is  by  these  he  seeks  to  make  his  theory 
universal  for  all  cell-life  ;  this  enlarged  view  of  his  theory  is  not 
under  consideration,  it  being  proposed  to  discuss  merely  fermentation 
caused  by  yeast  cells.  If  the  truth  of  the  theory  as  regards  yeast  is 
not  proved  by  experiments  with  yeast,  it  cannob  be  proved  by  experi- 
ments with  perfectly  distinct  forms  of  cell-life,  although  the  prob- 
ability of  the  theory  being  correct  may  possibly  be  somewhat 
strengthened  by  analogy. 

The  experiments  brought  forward  by  Pasteur  in  support  of  his 
theory  may  be  divided  into  two  classes,  namely,  one,  those  which 
appear  to  suggest  the  probability  of  his  theory  being  correct,  the  other, 
and  most  important,  those  made  with  the  object  of  pi-oving  its  truth. 
This  arrangement  is  not  Pasteur's,  but  is  adopted  in  order  to  bring 
out  briefly  the  salient  points  in  his  argument,  which  might  otherwise 
appear  somewhat  involved. 

The  first  class,  just  referred  to,  includes  Pasteur's  experiment,  by 
means  of  which  he  showed  that  a  considerable  weight  of  oxygen  is 
absorbed  by  yeast  cells  growing  in  a  thin  stratum  of  fermentable 
liquid  exposed  to  the  air  {PUucles,  p.  248)  ;  this  fact  is  established  by 
it,  but  no  knowledge  is  gained  concerning  the  fermentative  power  of 
yeast  cells  under  the  given  circumstances.  The  first  class  also 
includes  an  experiment  made  by  sowing  a  trace  of  yeast  in  a  solution 
of  milk-sugar  exposed  to  the  influence  of  air  {loc.  cit.,  p.  267),  whei'eby 
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he  shows  that  yeast  grows  at  the  expense  of  milk-sugar  under  these 
circumstances,  and  absorbs  oxygen  and  exhales  carbon  dioxide 
during  its  growth.  The  aerobic  or  "fungoid"  mode  of  yeast  growth 
shown  in  the  previous  experiment  is  thereby  confirmed,  but  as  milk- 
sugar  is  not  fermentable  by  ordinary  yeast  forms  under  any  circum- 
stances, nothing  is  ascertained  regarding  the  fermentative  functions 
of  yeast  cells.  On  p.  232,  an  experiment  belonging  to  the  first  class 
is  described,  showing  that  yeast  cells  grow  freely  in  a  fermentable 
solution  out  of  contact  with  air,  and  that  a  brisk  fermentation  is 
carried  on  at  the  same  time. 

The  experiments  included  in  the  first  class,  and  just  described, 
conclusively  demonstrate  that  yeast  cells  are  capable  of  a  dual 
mode  of  existence ;  namely,  one  carried  on  in  the  presence  and 
by  the  aid  of  free  oxygen,  and  the  other  carried  on  without  the 
influence  of  free  oxygen.  So  far,  however,  the  only  knowledge  we 
have  gained  is  that  fermentation  is  carried  on  by  yeast  during  its 
anaerobic  state. 

It  is  most  noticeable  that  living  organisms  very  generally  require 
a  supply  of  oxygen  to  enable  them  to  carry  on  their  life  functions. 
The  knowledge  gained  from  the  experiments  just  mentioned,  that 
yeast  can  live  without  free  oxygen,  and  that  at  the  same  time  it 
carries  on  fermentation,  is  therefore  suggestive  that  fermentation 
may  be  intimately  connected  with  the  requirement  of  oxygen  by  the 
yeast.  Pasteur's  experiments  described  so  far  suggest  this,  and 
indicate  a  working  hypothesis  that  might  lead  to  an  explanation  of 
the  cause  of  fermentation,  but  they  carry  us  no  further  than  this. 

The  experiments  by  which  Pasteur  establishes  his  theory  of  the 
cause  of  fermentation  will  now  be  described.  Pasteur  claims  that 
they  show  that  the  fermentative  power  of  yeast  cells  is  at  a  maximum  in 
the  absence  of  free  oxygen,  and  diminishes  to  zero  when  fully  exposed 
to  its  influence.  The  proof  of  his  theory  that  fermentation  is  "  life 
without  air  "  (loc.  cit.,  p.  261)  rests  entirely  upon  these  conclusions. 
But  in  order  that  his  experiments  may  bear  out  the  conclusions  he 
maintains,  two  points  are  essential :  first,  that  the  ratios  of  the  weight 
of  yeast  formed  to  sugar  fermented  should  be  numerical  expressions 
of  the  fermentative  powers  of  the  yeast ;  and  secondly,  that  these 
I'atios  should  be  comparable  with  each  other.  For  by  comparisons 
between  these  ratios,  Pasteur  determines  the  relative  fermentative 
powers  of  the  yeast  cells  under  varying  conditions  of  experiment,  and 
established  his  theory  upon  the  conclusions  thus  arrived  at.  If,  then, 
the  ratios  of  yeast  to  fermented  sugar  do  not  express  the  true  fer- 
mentative powers  of  the  yeasts,  or  if  these  ratios  are  nob  comparable, 
Pasteur's  deductions  fail,  and  his  theory  remains  without  experi- 
mental proof. 
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In  the  first  of  Pasteur's  experiments  (loc.  cit.,  p.  234)  two  large 
flasks,  called  A  and  B,  containing  equal  volumes  of  a  5  per  cent,  solu- 
tion of  cane  sugar  in  yeast  water  were  used.  A  was  arranged  so  that 
air  could  not  gain  access  to  the  contained  liquid,  and  the  liquid  was 
boiled  to  drive  off  all  air  held  in  solution.  The  liquid  in  B,  on  the 
contrary,  was  exposed  to  the  influence  of  the  air.  The  solutions  in 
both  A  and  B  were  inoculated  at  the  same  time  with  a  cultivation  of 
yeast,  and  allowed  to  ferment  at  25°.  Both  showed  signs  of  fer- 
mentation in  24  hours,  but  in  B,  the  flask  with  air,  the  fermentation 
proceeded  the  more  rapidly,  and  by  the  10th  day  was  finished ; 
w^hilst  in  A,  a  languid  fermentation  was  still  apparent  nine  days 
later.  Both  flasks  were  opened  at  this  time,  and  their  contents 
examined.  In  A,  it  was  found  that  4'6  grams  of  sugar  were  still 
left  unfermented ;  but  in  B  not  a  trace  of  the  150  grams  of  sugar  it 
originally  contained  was  left  undecomposed.  The  weight  of  dried 
yeasfc  found  in  A  was  1"638  grams,  and  in  B  1'970  grams.  From 
these  figures,  a  proportion  of  1  of  yeast  to  89  fermented  sugar  was 
found  for  A,  the  experiment  without  air;  and  1  of  yeast  to  7>i  fer- 
mented sugar  for  B,  the  experiment  made  in  the  presence  of  air.  If 
these  ratios,  expressing  the  fermentative  powers  of  the  yeasts,  are  com- 
pared, the  yeast  under  the  influence  of  air  appears  to  have  exhibited 
less  power  than  the  other. 

Pasteur  next  describes  an  experiment  made  under  somewhat  similai- 
conditions  to  those  of  A,  but  in  which  even  greater  precautions  were 
taken  to  exclude  air.  The  fermentation  was  started  with  an  inocula- 
tion from  an  old  cultivation  of  yeast  having  little  vigour.  The  feeble 
fermentation  apparent  in  this  experiment  continued  for  three  months, 
and  when  the  flask  was  opened  a  slight  fermentation  was  still 
noticeable.  In  this  experiment,  0*255  gram  of  dry  yeast  was  found, 
and  45  grams  of  sugar  were  fermented  out  of  the  150  grams  origin- 
ally present.  The  proportion  of  yeast  to  sugar  fermented  under  the 
anaerobic  conditions  of  this  experiment  was  therefore  1  :  176. 

Another  experiment.  C,  in  which  the  conditions  of  aiiration  were 
inci'eased  beyond  those  in  B  (loc.  cit.,  p.  242),  is  also  described.  200  c.c. 
of  a  5  per  cent,  solution  of  cane  sugar  in  yeast  water  were  fermented 
in  a  large  flask  so  that  the  solution  was  exposed  as  a  thin  stratum  to 
the  influence  of  the  air.  Under  these  conditions,  the  fermentation  pro- 
ceeded rapidly,  and  all  the  sugar  Avas  speedily  decomposed.  0'44  gram 
of  yeast  was  found,  and  10  grams  of  sugar  were  fermented,  which 
amounts  are  in  the  proportion  of  1  :  23. 

The  experiments  just  referred  to  show  that  if  fermentative  powers 
expressed  by  the  ratios  of  yeast  formed  to  sugar  fermented  are  com- 
parable, then  the  more  aerated  the  environment  during  fermentation 
the  less  the  fermentative  power  of  the  yeast  becomes. 
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Pasteur  describes  two  more  experiments  bearing  on  this  point,  in 
which  the  conditions  of  aeration  were  increased  beyond  those  of 
Experiment  C.  In  the  last  of  these  he  succeeded  in  obtaining  a  ratio 
as  high  as  1  of  yeast  to  4  of  sugar  fermented.  These  experiments  will 
be  referred  to  in  detail  later  on.  Concerning  them,  however,  he  makes 
the  following  observations  (lot:  cit.,  p.  244)  :  "  Dans  ces  conditions 
laerationl,  la  fermentation  du  Sucre  est  des  plus  faibles  ;  c'est  presque- 
le  rapport  auquel  donnent  lieu  les  moisissures  aerobics  vulgaires  ; 
I'acide  carbonique  qui  se  degage  est  forme  en  giande  partie  par  les. 
combustions  qui  resultent  de  I'assimilation  du  gaz  oxygene  de  I'air. 
La  levure  vit  alors  et  agit  a  la  maniere  ties  moisissures.  Elle  n'esfc 
plus  ferment  pour  ainsi  dire,  et  il  est  sensible  qu'elle  ne  le  serait 
plus  du  tout,  si  Ton  pouvait  entourer  chaque  cellule  isolement  de  tout 
I'air  qui  Ini  est  necessaire."  These  words  indicate  the  conclusions 
Pasteur  draws  from  the  experiments. 

In  considering  the  experiments  just  described,  it  will  be  noticed 
that  the  ratios  of  yeast  to  fermented  sugar  are  considered  to  be^ 
numbers  expressing  fermentative  powers  which  are  comparable  with 
each  other  ;  it  is  obvious,  therefore,  if  this  is  correct,  that  these  ratio- 
numbers  must  either  represent  the  whole  power,  or  some  known 
fraction  of  the  power  of  the  yeasts,  for  otherwise  no  true  comparison 
could  be  made.  No  suggestion  is  made  by  Pasteur  that  the  numbers 
he  makes  use  of  are  fractional  representations  of  the  fermentative 
powers  of  yeast,  and  there  is  no  doubt  that  they  must  represent, 
according  to  his  arguments,  the  whole  fermentative  power  of  which 
the  yeasts  concerned  are  capable. 

In  the  experiments  A  and  B,  just  described,  in  A,  that  without  air,, 
the  fermentation,  after  exhibiting  moderate  activity,  gradually  de- 
clined until  the  19th  day  from  its  commencement,  when  it  was  very 
languid  indeed.  The  experiment  was  terminated  at  this  stage,  and 
on  opening  the  flask  it  was  found  that  although  the  greater  part  of 
the  sugar  originally  present  had  been  fermented,  46  grams  remained 
in  the  solution  undecomposed.  In  this  experiment,  the  yeast  found 
was  in  the  presence  of  fermentable  sugar,  on  which  it  could  exercise 
its  fermentative  powers  during  its  whole  existence.  In  B,  carried  on 
under  the  influence  of  air,  the  fermentation  proceeded  briskly  for  a 
few  days,  and  was  quite  over  on  the  11th  day.  When  the  contents 
of  the  flask  was  examined,  it  was  found  that  no  sugar  remained  un-' 
fermented  in  the  solution.  Fermentation  must  end  under  such' 
circumstances. 

In  Experiment  A,  the  yeast  exhibited  a  fermentative  power  which 
slowly  declined  in  a  fermentable  solution  ;  whilst  in  Expeiiment  B, 
exhibition  of  the  fermentative  power  of  the  yeast  ceased  when  there 
was  no  more  sugar  to  ferment.     If,  at  the  termination  of  Experi* 
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ment  A,  fermentation  had  quite  ceased,  it  might  be  assumed  that  the 
yeast  had  exerted  all  the  fermentative  power  of  which  it  was  capable, 
because  there  was  still  sugar  in  the  solution  on  which  it  could  act ;; 
but  Pasteur  states  that  the  fermentation  was  still  proceeding  in  a 
very  feeble  manner.  In  such  case,  however,  the  ratio  of  the  yeast 
to  sugar  fermented  may  perhaps  be  considered  an  approximate  repre- 
sentation of  the  total  fermentative  power  of  the  yeast  in  A.  But  in 
B  there  is  nothing  to  show  that  the  ratio  of  yeast  to  sugar  fermented 
is  even  an  approximate  representation  of  the  total  fermentative  power 
of  the  yeast  formed.  It  is  only  by  means  of  the  decomposition  of 
sugar  that  fermentative  power  can  be  measured,  and  if,  as  in  Experi- 
ment B,  all  the  sugar  is  fermented,  there  is  no  means  of  ascertaining 
if  the  yeast  present  still  retains  fermentative  power.  Yet,  according^ 
to  Pasteur,  the  ratio  of  yeast  to  sugar  fermented  in  B  is  comparable 
with  the  ratio  found  for  A. 

If  the  weight  of  yeast  formed  during  fermentation  increased  in 
direct  ratio  to  the  weight  of  sugar  fermented,  the  proportion  of  yeast 
to  sugar  fermented  would  remain  constant  no  matter  what  quantity 
of  sugar  was  present.  Under  these  conditions,  the  relative  fermenta- 
tive powers  of  yeasts,  as  determined  by  Pasteur,  would  be  com- 
parable. But  the  weight  of  yeast  formed  during  fermentation  is  but 
slightly  influenced  by  the  amount  of  sugar  it  ferments ;  the  weight 
of  sugar  fermented  is  only  one  factor  governing  yeast  production  in 
a  fermentable  liquid,  and  comparatively  a  minor  one.  I  have  called 
attention  to  this  fact  before,  but  describe  some  experiments  on  this 
point  which  have  been  made  more  recently,  and  which  are  in  closer 
agreement  with  Pasteur's  method  of  experiment. 

Five  similarly  shaped  flasks  of  400  c.c.  capacity  were  prepared, 
each  containing  100  c.c.  of  yeast  water,  and  varying  weights  of  cane 
sugar  in  the  following  amounts. 

Yeast  water.  Grains  of  cane  sugar. 

N'o.  1  flask 100  c.c.  25 

»    2     „      „  5'0 

„    3     , „  10-0 

„    4     „      „  20-0 

„    5     „      „  30-0 

The  flasks  were  closed  with  plugs  of  cotton-wool  and  sterilised 
in  the  usual  manner.  On  February  28,  each  flask  was  inoculated 
with  a  trace  of  a  pure  culture  of  high-fermentation  yeast. 

On  February  28,  fermentation  was  over  in  Nos.  1  and  2  flasks,  the 
whole  of  the  sugar  originally  present  in  each  being  decomposed. 
The  number  of  yeast  cells  present  in  the  solutions  was  ascertained 
by  counting,  and  the  total  weight  of  the  cells  by  filtration  through 
a  weighed  filter,  drying  at  103",  and  weighing. 
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On  March  2,  fermentation  was  over  in  No.  3  flask,  and  no  sugar 
remained  in  the  solution.  Yeast  determinations  were  made  as  in 
Nos.  1  and  2  flasks. 

On  March.  7,  fermentation  was  over  in  No.  4  flask,  no  sugar 
remaining  undecomposed.  Yeast  determinations  were  made  as 
•above. 

On  March  15,  No.  5  flask  was  opened,  after  fermentation  had 
ceased  for  several  days.  On  examination,  the  solution  was  found 
to  contain  unfermented  sugar.  An  estimation  of  it*  was  made, 
"which  showed  that  4-83  grams  remained  undecomposed  out  of  the 
■original  30  grams  present  at  the  commencement  of  the  experi- 
ment. Yeast  determinations  were  made  as  in  the  previous  experi- 
ments. 

The  results  of  the  foregoing  experiments  are  tabulated  below. 


No.  of 
expt. 

Grams  of  svigar 
in  solution  at 
commence- 
ment of 
experiment. 

Grams 

of  sugar 

fermented. 

Weight  of 

yeast  found, 

in  grams. 

No.  of  cells 

in  standard 

volume  of 

Woo  cb.  mm. 

Ratio  of 

yeast  to 

sugar 

fermented. 

1 
2 
3 

4 
5 

2-5 

5-0 

10-0 

20-0 

30-0 

2-5 

5-0 

10-0 

20-0 

25-17 

0-1240 
0-1550 
0  -1775 
0-1400 
0  -1380 

8-51 

9-94 

10-44 

11-17 

12-26 

1:    20-2 
1:    32-3 
1:    56-3 
1 :  142  -9 
1  : 182  -4 

These  experiments  show  how  little  the  amount  of  sugar  fermented 
influences  the  weight  of  yeast  formed.  The  weight  of  yeast  in- 
creases a  little  as  the  strengths  of  the  sugar  solutions  increase  as 
far  as  the  10  per  cent,  strength,  but  there  is  a  falling  away  in 
weight  as  the  solutions  become  stronger. f  The  increase  of  weight 
observed  in  any  experiment  is  very  small,  and  distinctly  disproves 
the  idea  that  weights  of  yeast  formed  during  fermentation  increase 
in  direct  ratio  to  the  weights  of  sugar  fermented.  In  the  last  column 
•of  the  above  table,  the  ratios  of  yeast  to  fermented  sugar  for  the 
different  experiments  are  given. 

These  ratios,    according    to    Pasteur,  represent    the    fermentative 

*  The  sugar  proved  to  be  nearly  pure  levulose. 

t  The  numbers  of  celh  determined  increase  slightly  up  to  the  10  per  cent, 
strength  of  solution,  in  a  similar  manner  to  the  weights  of  yeast  found ;  but, 
•curiously,  beyond  this  point  the  numbers  still  increase,  whilst  the  weight  dimin- 
ishes. Microscopic  measurement  showed  tliat  the  cells  in  Experiments  4  and  5 
were  distinctly  smaller  than  those  in  the  other  experiments,  a  result  which  appears 
j)robable  from  a  comparison  of  the  numbers  of  cells  and  the  weights  of  yeast 
found. 
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powers  of  the  yeasts,  and  should  be  comparable  with  each  other; 
From  this  point  of  view,  if  the  ratio  determined  for  Experiment  2,. 
which  is  1 — 32,  is  compared  with  that  of  Experiment  4,  which  is 
1 — 143,  it  will  be  found  that  the  yeast  in  Experiment  4  had  more 
than  four  times  the  fermentative  power  of  the  yeast  in  Experi- 
ment 2.  Nearly  equal  weights  of  yeast  were  formed  in  both  these 
experiments,  and  in  both  the  whole  of  the  sugar  present  was 
fermented.  Now  as  the  conditions  of  the  two  experiments  only 
differed  in  so  far  that  the  sugar  solution  in  Experiment  4  con- 
tained four  times  more  sugar  than  the  solution  in  Experiment  2, 
it  appears  much  more  probable  that  the  yeast  in  Experiment  4 
exhibited  four  times  the  fermentative  power  of  the  yeast  in  Experi- 
ment 2,  because  it  had  four  times  the  amount  of  sugar  on  Avhich  to- 
exhibit  its  power,  rather  than  that  there  was  any  real  difference 
between  the  two  yeasts  in  their  ability  to  ferment  sugar.  In  the 
results  of  either  experiment  there  is  nothing  to  show  that  the 
yeasts  concerned  have  exerted  mote  than  an  unknown  fraction  of 
their  fermentative  power. 

It  will  be  noticed  in  Experiment  5  that  the  fermentation  was  more- 
prolonged  than  that  of  the  other  experiments,  and  when  it  ceased^ 
there  was  fermentable  sugar  still  present  in  the  solution.  There- 
fore in  this  experiment  the  yeast  formed  was  under  circumstances  in^ 
which  it  was  able  to  decompose  all  the  sugar  of  which  it  was  capable,, 
and  the  very  low  ratio  of  1  of  yeast  to  182  of  sugar  fermented  was. 
found.  This  ratio  is  lower  than  the  lowest  determined  by  Pasteur- 
when  working  under  the  most  perfect  anaerobic  conditions,  yet 
Experiment  5  was  conducted  in  a  flask  to  which  air  had  free  access. 
So  in  Experiment  5,  in  which  the  yeast  present  has  had,  so  far  as  its. 
fermentative  powers  are  concerned,  an  unlimited  amount  of  sugar  to 
ferment,  the  yeast  has  exhibited  even  greater  fermentative  power  than 
Pasteur's  anaerobic  yeast  under  similar  conditions.  It  seems  hardly 
possible  under  these  circumstances  to  come  to  any  other  conclusion 
than  that  it  is  the  amount  of  sugar  at  the  disposal  of  the  yeast  which 
is  the  inain  factor  in  influencing  the  ratios  of  yeast  to  fermented  sugar 
in  experiments  like  Pasteur's  and  mine,  and  not  relative  conditions 
of  aei^tion  and  non-aeration.  Doubtless,  during  a  fermentation 
experiment,  there  are  many  other  factors,  besides  the  amount  of  sugar 
present,  which  come  into  play  and  must  affect  the  ratio  of  yeast  to. 
sugar  fermented,  but  the  main  factor  under  ordinary  conditions  is 
the  amount  of  sugar. 

In  order  to  show  more  clearly  that  the  ratio  of  yeast  to  fermented 
sugar  determined  in  a  manner  similar  to  Pasteur's  Experiment  B,  in, 
which  all  the  sugar  present  was  fermented,  does  not  express  the  true 
fermentative   power  of  the  yeast,  another  experiment  was  made  of  a. 
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■different  nature  from  that  just  described.  Three  flasks,  N'os.  1,  2, 
and  3,  were  prepared,  each  containing  200  c.c.  of  a  5  per  cent,  solu- 
tion of  cane  sugar  in  yeast  water  ;  they  were  closed  with  cotton- wool 
plugs  and  sterilised.  The  flasks  were  similar  in  every  respect,  excepting 
that  No.  I  was  furnished  with  two  glass  tubes  penetrating  the  cotton- 
wool plug,  and  arranged  so  that  any  quantity  of  the  liquid  contents 
•of  the  flask  could  be  withdrawn  throngh  one  of  them  by  means  of  a 
syphon,  and  fresh  liquid  introduced  through  the  other.  The  contents 
of  the  three  flasks  were  inoculated  with  a  trace  of  yeast  on  February  13. 
and  kept  at  a  constant  temperature  of  26°.  On  February  17,  fermen- 
tation in  all  the  flasks  had  ceased  ;  the  yeast  had  also  subsided,  leaving 
the  fermented  solutions  quite  clear.  10  grams  of  sugar  had  been 
fermented  in  each  experiment,  and  as  the  conditions  in  all  three  were 
precisely  similar  during  fermentation,  the  same  weight  and  number 
■of  yeast  cells  must  have  been  formed  in  each.  Experiment  2  was  now 
terminated  in  order  to  ascertain  the  ratio  of  yeast  to  sugar  fermented 
in  ail.  This  ratio  found  wa.s  1  :  29.  It  represents,  therefore,  ac- 
cording to  Pasteur,  the  total  fermentative  power  of  the  yeast. 

On  the  same  day  that  No.  2  experiment  was  terminated,  120  c.c.  of 
the  clear  and  completely  fermented  liquid  in  No.  1  was  withdi^awn 
by  means  of  one  of  the  tubes  with  which  the  flask  was  furnished, 
-without  disturbing  the  deposit  of  yeast  at  the  bottom  of  the  flask. 
Microscopic  examination  of  the  liquid  withdrawn  showed  that  no 
yeast  had  passed  over  with  it.  50  c.c.  of  a  solution  containing  10  grams 
of  cane  sugar  were  now  passed  into  the  flask  to  partially  replace  the 
fermented  liquid  withdrawn.  The  fresh  sugar  was  added  in  a  strong 
solution  in  this  manner,  in  order  to  keep  the  total  volume  of  the 
liquid  contents  of  the  flask  at  a  distinctly  lower  point  than  the 
•original  volume  of  the  solution  at  the  commencement  of  fermentation. 
This  was  done  in  order  to  check  any  tendency  of  the  yeast  cells  to 
increase  by  budding,  when  treated  with  the  fresh  fermentable  solu- 
tion. The  reason  for  it  turns  on  a  point  to  which  I  have  called 
attention  before  (Trans.,  1892,  61,  369),  namely,  that  yeast  cells  have 
a  limit  to  their  power  of  multiplication  when  in  a  given  volume  of  a 
fermentable  solution,  and  if  this  limit  is  intentionally  exceeded  by 
over-crowding,  a  vigorous  fermentation  of  sugar  can  be  carried  on 
without  the  yep.st  cells  increasing  in  number. 

Shortly  after  the  introduction  of  the  fresh  sugar  into  No.  1,  rapid 
fermentation  took  place.  On  February  20,  this  fermentation  was 
over,  and  the  liquid  quite  clear.  A  further  portion  of  the 
solution  was  now  withdrawn  from  the  flask  in  the  manner  de- 
scribed before.  Examination  of  the  solution  removed  showed  that 
it  contained   no   unfermentcd  sugar,  and  no   yeast  cells    had   been 
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carried  over  in  it.*  A  solution  containing  10  grams  of  cane  sugar  was 
again  introduced  in  place  of  the  fermented  solution  removed.  This 
sugar  was  completely  fermented  by  February  26.  The  flask  was 
then  opened,  and  the  yeast  cells  counted  and  weighed  in  the  usual 
manner.  No.  3  flask,  which  had  remained  at  rest  dnring  the  whole 
time  that  the  successive  amounts  of  sugar  were  being  fermented  in 
No.  1,  was  also  opened,  and  the  yeast  cells  counted  and  weighed. 
This  experiment  was  carried  on  to  act  as  a  check  on  the  others  with 
regard  to  the  number  of  yeast  cells  formed,  and  also  to  ascertain  to 
what  extent  yeast  cells  lose  weight  when  resting  inert  in  a  completely 
fermented  medium. 

The  results  of  the  three  expei"iments  are  tabulated  below. 


Termination 
of  expt. 

No.  of 
expt. 

No.  of  cells 

found  in 
Woo  <-'b-  mm. 

Total  weight     Total  sugar 

yeast  found,      fermented, 

in  grams,     j     in  grams. 

Ratio  of 

yeast  to 

sugar 

fermented. 

February  26. . . 
„         17... 
.         26... 

1 
2 
3 

9-38 
9-02 
9-40 

0  -2990       j           30 
0  -3435       !           10 
0  -2435                  10 

1  :  100  -4 
1:    29-1 
1:    41-0 

The  numbers  given  show  that,  within  experimental  error,  the 
number  of  yeast  cells  found  in  each  experiment  was  the  same, 
although,  in  No.  1,  three  times  more  sugar  has  been  fermented  by  the 
yeast  than  in  the  other  experiments.  The  weights  of  yeast  cells 
found  differ  a  little.  On  February  17,  when  No.  2  experiment  was 
terminated,  there  is  no  doubt  the  weights  of  yeast  in  all  the  experi- 
ments were  the  same,  for  the  conditions  were  in  all  cases  precisely 
the  same  up  to  this  point,  and  we  know  also  that  the  numbers  of  the 
cells  were  the  same;  but  during  the  next  nine  days  the  weights  of 
yeast  in  Nos.  1  and  3  must  have  diminished.  This  we  should  quite 
expect  with  the  yeast  in  No.  3,  for  it  had  rested  inert  in  an  exhausted 
solution  during  that  time,  and  it  is  well  known  yeast  loses  weight 
under  these  conditions.  But  the  yeast  in  No.  1  was  differently- 
placed,  and  during  most  of  this  time  had  been  actively  fermenting 
sugar.  The  loss  of  -weight  is  comparatively  small,  but  the  fact  that  the 
yeast  lost  slightly  in  weight  instead  of  gaining  during  the  fermenta- 
tion of  a  considerable  amount  of  sugar,  indicates  that  the  exercise  of 
the  fermentation  functions  of  yeast  cells  is  not  connected  with  the 
addition  of  any  permanent  matter  to  the  structure  of  the  cells. 

*  It  is  necessary  in  experiments  like  this  that  the  solutions  used  should  he 
sterilised  and  allowed  (o  come  in  contact  with  filtered  air  only,  for  otherwise 
foreign  organisms  are  apt  to  spoil  the  results. 
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The  point  in  view  in  describing  the  above  experiments  was,  how- 
ever, to  demonstrate  that  during  fermentation  when  yeast  cells  have 
only  a  limited  amount  of  sugar  to  ferment,  the  weight  of  yeasfc 
formed,  compared  with  the  amount  of  sugar  fermented,  does  not  give 
a  true  expression  of  the  total  fermentative  power  of  the  yeast.  In 
Experiments  2  and  3,  the  ratios  found  for  yeast  and  fermented  sugar 
were  1  :  29  and  1  :  41  respectively  (the  latter  being  the  higher  only 
because  the  weight  of  yeast  formed  had  diminished  on  standing),  yet 
the  same  amount  of  yeast  formed  under  similar  conditions  in  Experi- 
ment 1  has  given  a  ratio  of  1  of  yeast  to  100  of  fermented  sugar 
when  fed  with  more  sugar  than  was  present  in  Experiments  2  and  3. 
This  difference  in  the  ratios  turns,  therefore,  on  the  amount  of  sugar  at 
the  disposal  of  the  yeast  in  Experiment  1,  and  not  on  any  real  differ- 
ence between  the  capabilities  of  this  yeast  to  exert  fermentative  power,, 
and  those  of  the  yeasts  in  Experiments  2  and  3. 

The  results  of  the  three  experiments  just  described  agree  with 
those  previously  given,  in  showing  that  the  ratios  of  yeast  to  sugar 
fermented,  when  the  yeasts  have  only  a  limited  amount  of  sugar  on 
which  to  exert  their  power,  do  not  represent  the  true  fermentative 
powers  of  the  yeasts  or  any  known  fractions  of  them,  and  are,, 
therefore,  not  comparable. 

Reference  will  now  be  made  to  those  experiments  by  which 
Pasteur  determined  such  high  ratios  of  yeast  to  sugar  decomposed, 
that  he  considered  they  approached  those  given  by  ordinary  non- 
fermentative  fungoid  growths  in  the  presence  of  air.  A  brief 
reference  has  already  been  made  to  them. 

These  experiments  (loc  cit.,  p.  243)  were  conducted  in  flat,  very 
shallow  dishes,  in  order  that  the  fermenting  solutions,  and  the  yeasfc 
they  contained,  might  be  exposed  to  the  maximum  aeration  attainable. 
The  strength  of  the  cane  sugar  solutions  used  was  reduced  to  the  very 
low  point  of  0"86  gram  in  100  c.c.  Two  experiments  are  described  by 
Pasteur,  in  each  of  which  200  c.c.  of  the  solution  were  placed  in  one 
of  the  flat  dishes,  and  inoculated  with  a  trace  of  yeast.  As  the  method 
in  both  experiments  was  the  same,  the  last  experiment  only  will  be 
described.  In  this,  about  24  hours  after  inoculation,  as  soon  as  the 
deposit  of  yeast  formed  appeared  to  be  weighable,  the  experiment  was 
stopped  by  the  addition  of  a  little  sulphuric  acid  to  prevent  any 
further  yeast  increase  or  fermentation.  The  yeast  was  collected, 
dried,  and  weighed,  in  the  usual  manner,  and  the  sugar  left  uufer- 
mented  in  the  filtrate  was  de^ermined.  It  was  found  that  0'024  gram 
of  yeast  had  been  formed,  and  out  of  the  original  1*72  grams  of  sugar 
present  only  0'098  gram  had  been  fermented,  showing  a  ratio  of  1  of 
yeast  to  4  of  fermented  sugar.  This  very  high  ratio  has,  according 
to  Pasteur,  been  brought  about  by  excessive  exposure  of  the  yeast  to 
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the  influer.ce  of  the  air,  which  has  reduced  its  fermentative  power  to 
a  point  closely  resembling  that  of  ordinary  fungi  ;  in  fact,  that  the 
yeast  had  practically  ceased  to  be  a  ferment  at  all.  Pasteur  also 
considers  thtit  the  ratio  of  yeast  to  fermented  sugar  determined  in 
this  way,  is  comparable  as  an  expression  of  fermentative  power  with 
the  ratios  determined  in  his  other  experiments.. 

But  the  experiments  just  described  are  open  to  great  objection  if 
the  results  are  used  in  this  manner. 

Attention  has    already  been    called  to  the  fact  that    in   most   of 
Pasteur's  experiments  the  true  fermentative  powers  of  the  yeast  were 
not  determined,  because  the  amounts  of  sugar  present  were  limited  ; 
but  in  these  last  experiments,  although  excess  of  fermentable  sugar 
was  present  when   they  were  terminated,  yet  a  free  exercise  of  the 
fermentative  powers  of  the  yeasts  was  limited  by  time.     Pasteur  him- 
self most  particularly  insists  that  time  has  nothing  to  do  with  an  esti- 
mate of  fermentative  power— that  it  is  independent  of  time  altogether. 
In  his  criticism  of  Schiitzenberger's  views  regarding  fermentation  {loc. 
cit.,  p.  245),  this   point  is  brought  forward  very  strongly.     Pasteur 
considers  it  is  only  the  "  energy,"  or  ''  activity,"  of  a  ferment  that  can 
be  estimated  in  an  interval  of  time.     Yet,  in  the  experiment  under 
consideration,  time  has  been  introduced  as  a  factor  in  the  estimate  of 
the  work  of  fermentation.     The  experiment  was  terminated  so  soon 
as  enough  yeast  was  formed  as  to  bo  w^eighable,  so  that  the  sugar 
fermented  by  this  yeast  was  only  the  amount  it  had  time  to  ferment 
under  these  circumstances.     'Ihe  yeast  would  have  fermented  more 
sugar  if  time  had  been  allowed  for  it  to  do  so,  but  its  action  was 
stopped  with  sulphuric  acid.     It  is  w^ell  known  that  yeast  cells,  once 
formed,   carry   on   their   fermentative  functions   for  a    long  time  if 
placed    under    favourable   circumstances  ;  if,  therefore,   the  time    is 
limited  during  which  they  are  decomposing  sugar,  the  ratio  of  yeast 
to  sugar  in  this  restricted  interval  of  time  must,  according  to  Pasteur, 
represent  the  "  activity  "  of  the  yeast  cells  in  this  time,  not  the  fer- 
mentative power.     Yet   Pasteur  uses  the  ratio  determined    in  this 
way  as  an  expression  of  fermentative  power  also.     There  is  a  further 
objection  to  Pasteur's  experiment,  of  equal  importance.     In  making 
this  experiment,  he  used  cane    sugar  as    the  fermentable  medium. 
Cane  sugar,  as  such,  is  not  fermentable  by  yeast ;  it  must  be  inverted 
before  it  can   be  fermented.     Inversion  of  the  cane  sugar  is  brought 
about  by  a  function  of  the  yeast  cell,  and  it  has  recently  been  shown 
by  James  O'SuUivan  (Trans.,  1892,  61,  593),  that  this  function  of  the 
yeast  cell  is  distinct  from  its  functions  of  fermentation.     In  Pasteur's 
experiment,  therefore,  as  the  sugar  fermented  by  the  yeast  cells  in  a 
hmited  time  had  first  to  be  inverted  by  the  cells,  the  ratio  of  yeast  to 
fermented  sugar  expresses  the  "  activity,"  or  power  in  an  interval  ol" 
YOL.  LXV.  3   u 
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time,  of  fclie  combined  actions  of  the  invertive  and  fermentative  func- 
tions of  the  yeast  cells.  In  order  to  show  experimentally  tliat  the 
time  occupied  by  yeast  in  inverting^  cane  sugar  has  a  very  distinct 
influence  on  its  apparent  "activity"  of  fermentation,  as  determined 
by  the  ratio  of  yeast  to  sus^ar  fermented  in  an  interval  of  time,  six 
flasks  were  prepared,  tbree  of  each  containing-  100  c.c.  of  a  10  per 
cent,  solution  of  cane  sugar  in  yeast  water,  and  the  other  three  each 
containing  an  equal  quantity  of  a  10  per  cent,  solution  of  dextrose  in 
yeast  water.  All  six  solutions  were  inoculated  with  a  trace  of  yeast, 
and  allowed  to  ferment  under  exactly  the  same  conditions.  In  42 
hours,  a  distinctly  weigbable  amount  of  yeast  was  noticeable  in  the 
flasks.  At  this  stage,  one  of  thp  flasks  containing  cane  sugar  and  one 
containing  dextrose  were  opened,  and  the  amount  of  yeast  formed  and 
oF  suffar  fermented  in  each  were  determined.  24  hours  after  the  first 
flasks  were  opened,  two  others,  one  containiner  dextrose  and  one  cane 
suear,  were  opened,  and  determinations  of  the  yeast  and  sugar  fer- 
mented made.  The  last  two  flasks  were  opened  and  examined  24 
hours  later  still.  The  table  below  gives  the  results  of  these  experi- 
ments. 


Cane  sugar  experiments. 

Dextrose  experiments. 

Time 
from  in- 
oculation. 

Yeast 

found, in 

grams. 

Suga.r  fer- 
mented, 
in  grams. 

Ratio  of 
yeast-  f,o 
8u?ar  fer- 
mented. 

Yeast 

found, in 

grains. 

Sugar  fer- 
mented, 
in  grams. 

Ratio  of 
yeast  to 
sugar  fer- 
mented. 

42  hours 
fifi      „ 
90      „ 

0  -OQ^S 
0-17R5 
0  -1900 

0-531 
4  026 
6-812 

1  :    ."i  -4 
1 :22-5 
1:35-8 

0-J04.0 
0  -1602 
0-2090 

2-334 
4-364 
6-920 

1  : 22  -4 
1  :  25  -8 
1  :  33-1 

On  comparinsT  the  ratios  found  for  the  cane  sugar  and  dextrose 
fermentations  in  the  first  interval  of  time,  it  will  be  noticed  that  the 
ratio  when  yeast  acted  on  a  directly  fermentable  sugar  like  dextrose, 
is  very  different  from  the  ratio  when  yeast  acted  on  cane  sugar  which 
must  be  inverted  prior  to  fermentation.  In  the  first  42  hours,  some 
of  the  time  must  have  been  taken  up  in  the  cane  sugar  becoming 
inverted  so  as  to  be  in  a  fit  condition  for  fermentation  ;  under  these 
circumstances  it  was  found  that,  in  the  same  interval  of  time,  1  part 
of  yeast  was  able  to  ferment  only  5  parts  of  cane  sugar;  whilst 
in  the  case  of  dextrose,  a  saear  that  is  directly  fermentable,  1  part  of 
yeast  was  able  to  ferment  22  parts  of  this  suo^ar.  In  the  second  and 
third  int^^rvals  of  time  during  which  the  experiments  were  conducted, 
the  "  activity  "  of  the  yeast  (estimated  by  the  ratio  of  yeast  to  sugar 
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fefraented)  in  the  cane  sugar  experiments  rapidly  developed,  until  it 
even  slightly  exceeded  the  "  activity  "  of  the  yeast  in  the  dextrose 
experiments.  It  was  found  by  direct  experiment  that  a  considerable 
amount  of  invert  sugar  had  accumulated  in  the  cane  sugar  solutions 
during  these  intervals,  hence  the  yeast  present  in  them  had  plenty  of 
fermentable  sugar  at  its  disposal,  and  its  "activity"  as  a  ferment 
increased. 

The  above  experiments  show  sufficiently  well  how  it  was  that 
Pasteur  observed  such  a  low  fermentative  "  activity  "  in  his  experi- 
ments, without  taking  into  consideration  that  he  employed  very- 
dilute  solutions  of  sugar,  which  also  tends  to  increase  somewhat  the 
ratio  of  yeast  to  fermented  sugar. 

There  is  jio  doubt  that  the  proof  of  the  truth  of  Pasteur's  theory 
turns  entirely  on  the  correctness  of  the  method  he  adopted  for 
determining  and  comparing  the  fermentative  powers  of  yeast  cells 
under  varying  conditions  of  aeration.  If  it  has  been  shown  in  this 
paper  that  the  fermentative  powers  of  the  yeasts  have  not  been  cor- 
rectly determined,  and  that  they  are  not  comparable  one  with  another, 
then  M.  Pasteur's  theory  remains  without  expei^imental  proof. 

On  the  other  hand,  there  is  experimental  evidence  directly  opposed 
to  this  theory.  I  refer  to  my  experiments  on  alcoholic  fermentation 
(Trans.,  1892,  61,  869),  by  which  it  is  shown  that  aeration  does 
not  prevent,  or  hinder,  the  exhibition  of  the  fennentative  functions 
of  non-increasing  yeast  cells. 

If,  in  the  place  of  M.  Pasteur's  theory  that  fermentation  is  "  life 
without  air,"  is  substituted  the  consideration  that  yeast  cells  can  use 
oxygen  in  the  manner  of  ordinary  aerobic  fungi,  and  probably  re- 
quire it  for  the  full  completion  of  their  life  history,  but  that  the 
exhibition  of  their  fermentative  functions  is  independent  of  their  en- 
vironment with  regard  to  free  oxygen,  it  will  be  found  that  there  is 
nothing  in  the  results  of  any  of  M.  Pasteur's  experiments  contradic- 
tory to  such  an  hypothesis. 


LXXV. — The  Colouring  Principles  ofVentilago  Madras- 

jyatana. 
By  A.  G.   Pekkin  and  J.  J.  Hummel. 

Ventilago  madraspatana  is  a  large,  climbing  shrub,  belonging  to  the 
order  Khamnacea?,  the  root-bark  of  which  furnishes  a  dye-stuff  much 
valued  in  Southern  India.  It  is  very  common  in  the  Western  Penin- 
sula from  the  Konkan  southwards,  as  well  as  in  Ceylon  and  in  Burma, 
and,  according  to  Liotard,  it  is  largely  collected  in  Mysore  at  certaia 

3  u  2 
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periods  of  the  year  and  exported  to  other  districts  of  India.  The 
annual  production  is  given  as  1 — 3  tons,  its  pince  being  variously 
stated  as  l| — 7^d.  per  lb. 

The  following  are  a  few  of  its  Indian  vernacular  names  :  pitti 
(Hindi) ;  raktapita  {Bengali)  ;  pappili-chakka,  suralpattai  {Tamil)  ; 
poplichukai  (Kan.)  ;  lokandi,  kanwail  (Botiih.). 

Our  attention  was  first  attracted  to  it  under  the  name  of  souronl- 
puttay,  in  Gonfreville's  "  L'art  de  la  Teinture  des  Laines,"  1849, 
p.  539,  where  it  is  mentioned  as  a  dye-stuff  yielding  fast  colours,  namely, 
violet,  dull  red,  and  black.  The  identity  of  this  product  with  Ventilago 
tnadraspatana  was  established  by  correspondence  with  the  authorities 
of  the  Imperial  Institute,  to  whom  we  are  also  indebted  for  a  supply 
of  10  lbs.  of  the  root-bark  with  which  the  experimental  work  here 
recorded  has  been  carried  out. 

The  root-bark  appears  as  dark,  purplvsh-brown  scales,  ribbons,  or 
filaments,  the  dust  from  which,  when  it  is  ground  to  powder,  irritates 
the  throat  in  a  marked  manner.  When  treated  with  boiling  water  or 
alcohol,  it  gives  a  red  solution,  which,  on  the  addition  of  caustic 
alkali,  changes  to  a  duep  crimson. 

Many  writers  on  the  economic  products  of  India,  as  Bidie,  Lio- 
tai-d,  Wardle,  and  others,  refer  to  this  dye-stuff,  but  we  find  no  record 
that  any  previous  chemical  examination  of  it  has  been  made  ;  at  most, 
the  actions  of  various  chemicnl  agentp,  metallic  salt  solutions,  &c.,  on 
its  aqueous  decoction,  are  referred  to,  e.g.,  by  Gonfreville  (loc.  cit.), 
and  also  by  Dymock,  Warden,  and  Hooper  in  the  PharmacograpMa 
Indica,  i,  356,  the  last  named  authors  hazarding  the  suggestion 
that  the  colouring  matter  is  probably  one  of  the  derivatives  of 
anthracene. 

The  present  examination  is  of  interest  as  showing  that  Ventilago 
niadraspatana  contains  a  colouring  matter  differing  from  all  others  at 
present  known. 

Summary  of  Besults. 

On  treating  this  dye-stuff  with  carbon  bisulphide,  five  crystalline 
substances  are  extracted,  together  with  a  wax  and  a  resinous  colour- 
ing matter.  The  separation  of  these  from  one  another  by  fractional 
crystallisation  and  other  means  proved  to  be  a  matter  of  considerable 
difficulty,  the  details  of  which  will  be  found  in  the  experimental 
portion  of  this  paper. 

1.  A  Substance  of  the  Formula  CieHijOs. — This  crystallises  in  long, 
orange-red  needles  melting  at  200° ;  it  sublimes  at  higher  tempera- 
tures, partially  carbonising.  Its  alkaline  solutions  have  a  purple  tint, 
and  the  corresponding  salts  can  be  obtained  in  the  form  of  violet- 
coloared  needles  sparingly  soluble  in  alcohol.     It  yields  a  diacetyl 
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compounrl,  Ci,;Hin06(C2HaO)2,  in  long,  yellow  needles  melting  at 
185 — 186°,  and  a  mononitro-compound,  CieHnOs'NO^,  melting  at 
215 — 217°.  When  distilled  with  zinc  dust,  a  hydrocarbon  is  ob- 
tained melting  at  203°,  evidently  a-methylanthracene,  and  its  be- 
haviour with  zinc  dust  in  alkaline  solution  shows  it  to  be  ana-methyl- 
anthraquinone  derivative.  Treatment  with  hydriodic  acid  showed  that 
it  contained  one  methoxy-group,  a  pale  yellow,  crystalline  reduction 
product,  probably  an  anthranol  derivative,  being  formed  at  the  same 
time;  the  quantity  thus  obtained  was  insufficient  for  analysis.  The 
substance  C16H12O5  is  therefore  a  onojiomethijl  ether  of  a  trihydroxij-a- 
inethylanthraquinone.  It  does  not  dye  mordanted  fibre  ;  when  heated 
with  sulphuric  acid  to  160°  it  yields  a  substance  of  the  formula 
CisHioOj,  crystallising  in  orange-red  needles  melting  at  25-A". 
Although  only  a  small  quantity  of  this  compound  has  as  yet  been 
obtained,  owing  to  lack  of  material,  it  is  evidently  a  trihydroxy-u- 
inethylanthraquinone,  the  reactions  of  which,  so  far  as  they  could  be 
studied,  being  almost  identical  with  those  of  emodin. 

The  substance  CieHjaOs  yields  a  nitro-com pound,  Ci6Hp05(N"02)4, 
which  in  appearance  and  properties  closely  resembles  tetranitro- 
chrysophanic  acid,  Ci5H604(NO..)4 ;  when  heated  with  sulphuric  acid, 
it  yields  a  new  product  soluble  in  alkalis  with  a  violet  coloration,  a 
property  possessed  by  numerous  nitroanthraqninone  derivatives.  If 
the  substance  CieHisOs  be  an  emodin  methyl  ether,  it  would  be  ex- 
pected that  emodin  itself,  when  treated  in  a  similar  way,  should  yield 
a  ietranitro-compound.  Experiment  proved  this  to  be  the  case,  the 
product  obtained,  evidently  a  tetranitroemodin,  closely  resembling  the 
above  compound  Ci6H805(NOa)4,  which  should  be  its  methyl  ether. 
This,  together  with  the  general  similarity  in  appearance,  properties, 
and  melting  point  between  emodin  from  Rliamnus  frangula,  and  the 
substance  C15H10O5,  both  also  derivatives  of  a-methylanthracene, 
seems  to  point  almost  conclusively  to  their  identity.  Until,  however, 
a  comparison  can  be  made  of  the  properties  and  melting  points  of 
their  acetyl  derivatives,  this  point  cannot  be  absolutely  decided, 
although  in  this  paper  we  shall  regard  the  substance  CiaHijOj  as 
emodin  monomethyl  ether  * 

2.  A  Substance  of  the  formula  Ci6Hu04  (A). — This  forms  long, 
colourless  needles,  which  decompose  at  about  260°  before  melting ;  it 
is  soluble  in  alkaline  solutions  with  a  yellowish-brown  coloration.  It 
yields  a-methylanthracene,  and  what  is  probably  a  triacetyl  com- 
pound, CieHi, 04(021130)3.  On  gentle  oxidation  with  chromic  acid,  it 
is  converted  into  the  previously  described  emodin  methyl  ether,  and 
the  same   reaction  takes   place  when  its  alkaline  solution  is  oxidised 

*  It  is  probable  tliat  scTeral  months  will  elapse  before  we  receive  a  fresh  supply 
of  the  Tentilago  madraapatana,  so  ae  to  enable  us  to  confirm  our  opinion. 
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with,  hydrogen  peroxide.  Boiling  nitric  acid  (sp.  gr.  1'5)  converts 
it  into  the  tetranitro-compound,  Ci6H80s(N'02)4.  The  substance 
C16H14O4  (A)  appears,  therefore,  to  be  a  trihydroxy-a-methylanthranole 
monomethyl  etlier.  As  an  alternative  constitution  for  this  substance, 
it  might  be  considered  as  a  hydranthrone  derivative,  thus : 

/\_??/\  /\_g_/\. 


Antliranole.  Hydranthrone. 

but  the  analysis  of  its  acetyl  derivative  shows  it  to  be  a  trihydroxy- 
rather  than  a  dihydroxy-derivative. 

3.  A  Substance  of  the  Formula  CigHuOi  (B). — This  crystallises  in 
pale  yellow  needles  melting  at  173°.  With  acetic  anhydride,  it  yields 
what  is  probably  a  triacetyl  compound  melting  at  227 — 229",  the 
alcoholic  solution  of  which  has  a  strong  blue  fluorescence.  It  dissolves 
in  alkalis  forming  yellowish -brown  solutions  which  on  long  exposure 
to  air  become  red,  and  on  treatment  with  acid  yield  a  precipi- 
tate of  emodin  methyl  ether.  Oxidation  with  chromic  acid  gives  a 
similar  result,  whilst  with  nitric  acid  the  tetranitro-derivative, 
Ci6H805(N02)4,  is  formed,  identical  with  that  obtained  from  the  emodin 
methyl  ether  by  similar  means.  The  substance  Ci6Hu04  should  there- 
fore represent  the  second  trihydroxy-oL-viethylantliranole  monomethyl 
ether  capable  of  yielding  the  emodin  methyl  ether  by  oxidation. 

A.    I        I      I      I        I •  B.    I       I      I      I       I   • 

The  only  compound  of  the  anthracene  group  previously  isolated 
from  natural  sources,  and  which  can  be  considered  as  nearly  related 
to  the  substances  C16H14O4  (A  and  B),  is  the  chrysarobin  obtained  from 
Goa  powder,  and  examined  by  Liebcrmann  and  Seidler  {Annalen,  212, 
29).  This,  when  oxidised  in  alkaline  solution,  yields  chrysophanic 
acid,  dihydroxymethylanthraquinone,  the  constitution  assigned  to  it 

heing  0[CH<gH:(OH)— ->CH-OH],. 

If  the  trihydroxy-a-methylanthraquinone  methyl  ether  here  described 
is  an  emodin  methyl  ether,  these  results  are  of  considerable  interest, 
for,  as  is  well  known,  emodin  is  considered  to  be  a  hydroxychryso- 
])hanic  acid.  It  is  remarkable  that  the  reduction  products  of  these 
jwo  similarly  constituted  compounds  should  be  the  only  ones  of  the 
anthi-aquinone  group  known  I0  exist  in  a  natural  condition.  That 
the  substances  CaHiiOi  (A  and  B),  however,  have  not  the  complicated 


OF   VENTILAGO   MADRASPATANA.  927 

constitution  assigned  to  chrysarobin  is  evident,  for  if  formulte  ex- 
plaining their  reactions  be  constructed  on  similar  lines,  they  should 
contain  3  per  cent,  less  carbon  than  is  shown  by  the  analytical 
results. 

The  effect  of  the  presence  and  absence  of  the  quinone  group  on  the 
colour  of  these  substances  is  here  well  illustrated,  for  whilst 
CieHuOi  (A)  is  colourless  and  deHuOi  (B)  nearly  so,  the  emodin 
methyl  ether  has  a  marked  oi-ange-red  tint. 

4.  A  substance  of  the  Formula  CiaH^Os. — This  is  an  orano-e-red 
crystalline  powder,  which,  when  heated,  begins  to  darken  at  260°, 
and  melts  and  carbonises  at  275 — 280°.  It  is  distinguished  irom  the 
preceding  substances  by  its  sparing  solubility  in  most  solvents.  Solu- 
tions of  the  alkalis  dissolve  it  with  an  orange-red  coloration,  and  it 
yields  an  acetyl  derivative,  Ci6H708(C2H30),  which  crystallises  in 
yellow  needles  melting  and  decomposing  at  21G — 220°.  When  heated 
with  zinc  dust,  it  yields  a  hydrocarbon,  which  is  probably  a-methyl- 
anthracene.  Treated  with  hydriodic  acid,  it  loses  one  methoxy-group, 
and  at  the  same  time  a  pale  yellow,  crystalline  reduction  product 
is  formed,  probably  a  hydranthrone  derivative.  Sulphuric  acid 
at  1(30°  converts  it  into  what  is  probably  a  new  colouring  matter, 
evidently  by  elimination  of  methyl  fi-om  the  methoxy-group,  and 
from  this  result  it  also  appears  that  the  hydroxy-  and  methoxy- 
groups  are  in  the  ortho  position  relatively  to  one  another.  The  action 
of  alkaline  reducing  agents  is  very  interesting,  for  they  change  the 
orange-red  solutions  to  yellow,  but  on  exposure  to  air  they  become, 
first  orange-red,  and  tinally  blue- violet,  when  they  contain  the  alkali 
salt  of  a  new  colouring  matter ;  this,  although  stili  most  probably  a 
methoxy-derivative,  must,  from  its  reactions,  be  distinct  from  the 
colouring  matter  produced  by  sulphuric  acid  at  050°.  From  its  deep 
orange-red  colour  and  other  reactions,  it  appears  to  be  an  a-methyl- 
anthraquinone  derivative,  and  if  it  has  the  formula  CisHgOs, 
and  not  a  multiple  of  the  same,  it  may  be  represented  as 
CH3-Ci4H04(02)"(0-H)-OCH3.  The  production  also  of  a  colouring 
matter  from  it  by  means  of  reducing  agents,  and  subsequent  oxida- 
tion, points  to  the  presence  of  more  than  one  quinone  group  in  it. 
It  might  therefore  belong  to  a  class  of  compounds  suggested  by  the 
following  formula, 

XV  CCH3 

OC'/'^CCO-Ci^^Cll 

oclvjccocl  yCOCHs* 

\    C  C-OH 

As  no  more  than  1  gram  of  pui"e  substance  has  been  obtaiaed  from 
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10  lbs.  of  the  root-bark,  it  will  be  extremely  difficult  to  thoroughly 
investigate  the  nature  of  this  most  interesting,  substance. 

5.  A  substance  of  the  Formula  C17H12O5. — This  is  a  chocolate- 
coloured,  crystalline  powder.  When  treated  with  dilute  alkali,  it 
dissoli^es  with  a  yellow  coloration,  but  on  exposure  to  air  the  solution 
deposits  a  blue,  amorphous  precipitate,  and  it  therefore  appears  to 
contain  in  its  molecule  a  reduced  quinone  group.  The  study  of  this 
substance  will  be  continued  when  sufficient  material  is  to  hand. 

6.  The  Wax,  (C9E[i60)„,  consists  of  nearly  colourless,  minute 
needles  melting  at  72°. 

7.  The  Colouring  Matter  is  a  reddish-brown,  brittle  resin  of  the 
formula  CisHuOe,  and,  up  to  the  present,  has  resisted  all  attempts  to 
obtain  it  in  a  crystalline  condition.  It  softens  at  about  100°,  and 
melts  at  100 — 110°.  Dilute  alkalis  dissolve  it  with  a  purple- violet 
coloration,  and  the  corresponding  salts  are  obtained  as  violet,  amor- 
phous precipitates  on  adding  common  salt  to  these  solutions.  When 
distilled  with  zinc  dust,  it  yields  a-methylanthracene,  and  when  treated 
with  zinc  dust  in  alkaline  solution,  behaves  as  a  derivative  of  methyl- 
anthraquinone.  Nitric  acid  converts  it  into  oxalic  acid.  On  mor- 
danted calico,  it  dyes  shades  which  remind  one  somewhat  of  those 
given  by  brazilein,  although  the  reds  are  much  more  purple  in  hue, 
and  faster  to  boiling  soap  solution.  From  its  nature  and  properties, 
it  appears  possible  that  it  is  allied  toalkannin,  Ci5H]404,  the  colouring 
matter  of  the  roots  of  the  Anchusa  tinctoria,  investigated,  among 
others,  by  Liebermann  and  Romer  (Ber.,  20,  2428).  Alkannin  is 
also  of  a  resinous  nature,  is  a  derivative  of  a-methjlanthracene,  and 
appears  to  contain  two  hydroxyl  groups.  It  is  possible,  therefore, 
that  the  colouring  matter  of  the  Ventilago  inadraspatana,  for  which 
we  propose  the  name  Vevtzlagin,  is  represented  by  alkannin  con- 
taining two  additional  hydroxyl  groups.  The  investigation  of  this 
colouring  matter  will  be  continued  when  a  further  supply  of  raw 
material  has  been  obtained. 

ExPERIMIilNTAL    PaRT. 

2o0  grams  of  the  coarsely-powdered  root-bark  was  treated  in  the 
cold  with  2  litres  of  carbon  bisulphide  for  48  hours,  with  occasional 
shaking,  and,  after  removal  of  the  extract,  the  residual  root  was  twice 
treated  in  a  similar  manner,  and  the  carbon  bisulphide  was  distilled 
oif  from  the  deep  brown  liquid  until  there  remained  200  cc.  of 
evtract,  which  was  then  mixed  with  50  cc.  of  alcohol.  The  crystals 
which  separated  on  cooling  (Cryst.  prod.  A)  were  collected,  and  then 
washed  with  about  100  cc.  of  alcohol ;  the  washings,  on  being  added 
to  the  mother  liquor,  caused  a  further  crystalline  precipitate  after  some 
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hours  (Crvst..  prod.  B).  It  was  evident,  that  some  separafion  of  the  con- 
stituents of  the  product  had  been  effected  in  this  way,  for  wliereas  the 
crystals  first  deposited  were  reddish-brown,  the  second  cro})  Avas  pale 
yellow.  The  filtrate,  after  standing  for  some  days,  frequently  de- 
posited a  third  fraction,  which  was  usually  added  to  the  second.  A 
quantitative  estimation  in  this  way  gave  2"834  grams  of  crystalline 
product  from  250  grams  of  root-bark  or  1"13  per  cent.,  and,  as  subse- 
quent investigation  showed,  this  represents  approximately  the  amount 
present  in  the  root.  As  stated  in  the  introduction,  this  crude  product 
consisted  principally  of  four  substances,  the  separation  of  which  was 
most  readily  effected  by  the  methods  described  in  the  following  pages. 

Substance  of  the  Formula  CifiHsOg. 

The  finely-powdered,  "  crystalline  product,  A,"  was  extracted  two 
or  three  times  with  small  quantities  of  boiling  benzene  or  carbon 
bisulphide,  which  left  a  small  amount  of  a  sparingly  soluble  residue; 
this  was  dissolved  in  a  large  quantity  of  boiling  benzene,  treated  with 
animal  charcoal,  and  filtered.  On  cooling,  a  finely  divided,  crystal- 
line precipitate  separated,  and  was  further  purified  by  a  second  treat- 
ment in  a  similar  manner. 

I.  0-1062  gave  0-2277  CO^  and  0-0295  HoO.     C  =  58-45  ;  H  =  3-08. 
II.  0-1138     „      0-2440  CO,  and  0-0310  H^O.     C  =  5847  ;  H  =  302. 
III.  0-0825     „      0-1775  CO2  and  0-0235  H,0.     C  =  58-66 ;  H  =  3-16. 
CisHbOs  requires  C  =  58-5  ;  H  =  2-4  per  cent. 

The  amount  of  this  substance  present  in  the  dye-stuff  is  exceed- 
ingly small,  not  more  than  1  gram  of  it  having  been  hitherto  obtained 
in  the  pure  condition.  It  forms  an  orange-red,  glistening  powder, 
consisting  of  microscopic  prisms,  and  when  heated  it  begins  to 
darken  at  260°,  and  melts  and  carbonises  at  275 — 280".  If  heated 
rapidly  between  watch  glasses,  it  yields  a  small  quantity  of  a  sub- 
limate, w^hich  melts  in  a  similar  manner.  It  is  almost  insoluble  in 
boiling  alcohol,  and.  but  sparingly  soluble  in  benzene,  carbon  bisulph- 
ide, and  cumene,  crystallising  from  the  latter  in  orange-yellow 
needles.  It  was  at  first  thought  that  dissolving  it  at  the  high  boiling 
point  of  this  liquid  had  effected  decomposition,  but  this  was  negatived 
by  the  results  of  analysis  III.  Dilute  alkalis,  if  cold,  dissolve  it  very 
sparingly,  more  readily,  however,  if  boiling,  -with  formation  of 
crimson-red  solutions,  from  which  the  corresponding  salts  are  thrown 
out  as  brownish-violet  precipitates  on  adding  excess  of  alkali.  In 
barj'ta  water  it  is  insoluble.  On  boiling  the  alkaline  solutions  with 
zinc  dust,  pale  orange-coloured  liquids  are  obtained,  which,  on 
exposure  to  air,  first  become  red,  and  then  blue-violet;  if  acid  is  now 
added,  claret-coloured  flocks  of  a  new  colouring  matter  are  precipitated 
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On  fusing  the  substance  CieHsOg  with  potash,  a  blue-violet  melt  is 
obtained,  from  which,  on  neutralisation,  a  similar,  though  probably 
not  identical,  colouring  matter  is  obtained.  Distillation  with  zinc  dust 
yielded  a  hydrocarbon  crystallising  in  greenish  leaflets;  the  quantity 
was  too  small  for  purification,  but  on  oxidation  it  yielded,  first,  a 
quinone,  crystallising  from  dilute  acetic  acid  in  colourless  needles, 
and,  finally,  an  acid  soluble  in  dilute  ammonia.  This  substance  is 
believed  to  be  a-methylanthracene,  not  only  on  account  of  its  be- 
haviour, but  also  because  this  hydrocarbon  appears  to  be  the  basis  of 
the  other  princij)al  substances  described  in  this  paper.  It  is  but  little 
attacked  by  nitric  acid  (sp.  gr.  1"42)  iu  the  cold,  but  on  heating 
it  gives  a  beautiful,  violet-red  solution,  which  gradually  passes  to 
brown,  and  then  to  yellow.  By  this  reaction,  the  compound,  CisHgOg, 
can  be  readily  distinguished  from  all  other  substances  found  in  the 
root-bark. 

Action,  of  Hydriodic  Acid.—()'\0\  gram,  heated  with  hydriodic  acid 
iu  Zeisel's  apparatus,  gave  O'OSl  gram  of  Agl  =  4'67  per  cent, 
methyl  groups. 

CisHsOt'OCHj  requires  5'15  per  cent,  methyl  groups. 
The  substance  CieHuOs  therefore  contains  one  methoxy-group. 
The  residual  hydr-iodic  acid  contained  a  nearly  colourless,  crystal- 
line product  in  suspension,  which  was  collected,  washed,  dried,  and 
recrystallised  from  toluene.  It  dissolved  in  alkalis,  forming  brownish- 
yellow  solutions  which  gradually  oxidised  on  exposure  to  air,  be- 
coming of  a  dull,  reddish- violet  tint ;  it  appeared  therefore  to  be  a 
hydranthrone  or  allied  compound. 

Cold  sulphuric  acid  dissolves  the  substance  CieHsOs,  forming  a 
purple  liquid  resembling  aqueous  sodmrn  anthrapurpurate.  On 
heating  to  160°  this  solution  becomes  deep  blue-violet,  and  on  adding 
water  a  new  substance,  evidently  a  colouring  matter,  is  precipitated  ; 
this  forms,  with  alkalis,  an  almost  insoluble,  purple-red  compound. 
Tlie  above  reaction  is  no  doubt  caused  by  the  decomposition  of  the 
methoxy-group,  and  this  result  is  interesting,  showiug,  as  it  does, 
that  the  methoxy-group  is  in  the  ortho-position  relatively  to  a 
hvdroxyl  group.  This  colouring  matter  (h)  must  not  be  confounded 
with  (a)  that  produced  by  the  reduction  and  oxidation  of  the  sub- 
stance CieHgOg,  as  it  differs  from  it  in  its  sparing  solubility  in  alkaline 
solutions.  It  is  most  probable  that  the  colouring  matter  (c),  pro- 
duced by  the  action  of  fused  alkali,  is  distinct,  and  forms  a  third, 
which  should  consist  of  (a)  from  which  the  methoxy-group  has  been 
removed. 

Action  of  Acetic  Anhydride. — When  digested  with  acetic  anhy- 
dride, the  substance,  CieH^Os,  dissolved  only  after  prolonged  boiling, 
and  the  solution   thus  formed   was   digested  for  four  hours  longer. 
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On    cooling,    a   yellow,    crystalline    powder    separated,    wliich    was 
washed  with  methylic  alcohol  and  recrystallised  from  acetic  acid. 

0-llo8  gave  0-2447  CO2  and  0-0345  HoO.     C  =  57-8  ;  H  =  3-81. 
Ci6H,Os(C2H30)  requires  C  =  58-'37  ;  H  =  2-70  per  cent. 
CeHeO^CCHaO)^       „        C  =  58-25  ;   H  =  2-91 
Ci6H508(C3H30)3        „        C  =  58-15;  H  =  308 

The  analytical  numbers,  therefore,  are  insufficient  to  decide 
whether  it  is  a  mono-,  di-,  or  triacetyl  compound,  but  from  a  con- 
sidei'ation  of  the  results  obtained  above  it  is  evident  that  the  sub- 
stance CieHgOs  is  most  probably  CHa'CuHjOT'OCHs,  and  accordingly 
it  can,  at  most,  form  no  higher  derivative  than  a  diacetyl  compound. 
On  the  other  hand,  if  this  substance  is  represented  by  the  formula 
CisHaOg  and  not  a  multiple  of  the  same,  it  is  higlily  possible  that  a 
hydrogen  in  one  of  the  two  side  rings  is  not  displaced,  in  which  case 
a  monacetyl  derivative  alone  can  exist. 

That  this  substance  is  a  monacetyl  derivative  appears  to  us  most 
probable,  in  which  case  the  formula  of  the  substance  CieHsOg  might 
be  written  CH3-CuH04(0,)"(OH)-OCH3.  The  acetyl  compound  forms 
lemon-yellow  needles  melting  and  decomposing  at  216 — 220°,  almost 
insoluble  in  boiling  alcohol,  but  more  soluble  in  acetic  acid.  Cold 
solutions  of  the  alkali  hydroxides  do  not  dissolve  it,  but,  on  boiling, 
orange-red  solutions  are  gradually  formed. 

The  benzene  extracts  and  mother  liquors  from  the  preparation  of 
the  previously  described  substance  (p.  929)  were  boiled  wdth  animal 
charcoal  and  concentrated  ;  on  cooling,  a  crystalline  product  w^as 
deposited,  which,  on  examination  under  the  microscope,  was  seen  to 
consist  of  thin  leaflets  interspersed  with  a  few  needles.  On  examina- 
tion, however,  it  was  found  that  the  mixture  was  by  no  means  so 
simple  as  appeared  at  first  sight,  crystallisation  from  carbon  bi- 
sulphide givifig  four  fractions  having  the  respective  melting  points 
180*5°,  167 — 172°,  163°,  and  172°;  similar  results  were  obtained  with 
benzene,  although  under  the  mici^oscope  each  fraction  usually  ap- 
peared homogeneous.  Further  crystallisations  from  the  various 
solvents  gradually  raised  the  melting  points  of  these  fractions,  but 
the  labour  and  loss  of  product  involved  rendered  it  necessary  to  adopt 
some  better  means  of  separation.  It  was  clear  that  at  least  two 
substances  were  present,  as  the  portions  having  the  higher  melting 
point  dis!»olved  in  cold  sulphuric  acid  with  a  reddish-violet  colora- 
tion, whilst  those  of  the  lower  melting  point  gave  a  deep  brown. 
Ultimately,  by  the  use  of  two  or  three  solvents,  and  after  several 
months'  labour,  three  principal  products  were  isolated,  two  melting 
respectively  at  200°  and  173°,  and  a  third  decomposing  at  about 
2G(J°,  before  melting. 
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Substance  of  the  Formtda  CieHnOj,  m.  p.  200°. 

The  mixed  product  obtained  from  the  benzene  extracts  and  mother 
liquors  (p.  981)  was  crystallised  from  a  large  quantity  of  carbon  bi- 
sulphide, and  the  product  which  melted  at  183°  was  recrystallised 
from  benzene,  and  the  product  twice  crystallised  from  boiling 
acetone,  and  finally  from  isobiitylic  alcohol.  There  could  be  no 
doubt  that  this  final  product  consisting  of  slender  needles  was  a  homo- 
geneous substance,  and  this  was  further  corroborated  by  the  analysis 
of  three  distinct  preparations. 

0-1198  gave  0  2958  CO^  and  0-0454  H^O.     C  =  67-34 ;  H  =  4-21. 

0-11.39     „     0-2811     „      „     0-0435     „        C  =  67-29 ;  H  =  4-24. 

0-1180      „     0-2922     „      „     0-0480     „        C  =  67-53 ;  H  =  4-52. 

CisHiaOs  requires  C  =  67-6 ;  H  =  4-22  per  cent. 

It  crystallises  in  long,  glistening,  orange-yellow,  hair  like  needles 
melting  at  200°,  and  at  higher  temperatures  partially  carbonising  and 
yielding  a  sublimate  of  leaflets.  It  is  sparingly  soluble  in  alcohol, 
acetone,  and  isobutylic  alcohol,  more  readily  in  benzene  and  carbon 
bisulphide.  Solutions  of  the  alkali  hydroxides  dissolve  it,  yielding  red 
liquids,  and  the  corresponding  salts  may  be  obtained  in  violet,  micro- 
scopic needles  by  treating  hot  alcoholic  solutions  of  the  substance 
with  alkali,  and  cooling.  It  is  not  affected  by  boiling  barium  hydr- 
oxide solution. 

When  distilled  with  zinc  dust,  a  small  quantity  of  greenish  leaflets 
were  obtained,  which  were  proved  to  be  a-methylanthracene. 
Treated  with  zinc  dust  in  alkaline  solution,  the  original  blood-rjd 
colour  changes  to  orange,  but  on  exposure  to  air  the  original  tint 
returns,  and  it  is  pi'obable,  therefore,  that  the  substance  is  a  deriva- 
tive of  a-methylanthraquinone.  It  dissolves  in  sulphuric  acid  with  a 
violet-red  coloration,  this  reaction  distinguishing  it  from  the  sub- 
stances CioHuOi  A  and  B  described  later. 

Action  of  Acetic  Anhydride. — The  substance  CieHiaOs,  when  boiled 
with  a  small  quantity  of  acetic  anh3'dride  for  six  hours  and  the 
solution  cooled,  gave  a  mass  of  needles,  which  were  washed  with 
alcohol  and  recrystallised  from  the  same  solvent. 

On  analysis,  the  following  numbers  were  obtained. 

0-1078  gave  0-257  CO^  and  00435  H^O.     C  =  65-01 ;  H  =  4-48. 
Ci6Hj„05(CaH30)o  requires  C  =  65-21 ;   H  =  4  34  per  cent. 

It  was,  therefore,  a  diacetyl  derivative. 

It  crystallises  m  ]ong,  yellow  needles  melting  at  185 — 186",  sparingly 
soluble  in  alcohol,  readily  in  acetic  acid.  In  cold  alkaline  solutions 
it  is  insoluble,  but,  on  boiling,  it  is  decomposed  with  formation  of  red 
Solutions. 
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Action  of  Hydriodic  acid. — From  the  formula  of  this  substance,  and 
the  fact  that  it  yielded  only  a  diacety I  derivative,  it  appeared  possible 
that  it  mig-ht  contain  a  methoxy-group.  It  v?as,  therefore,  submitted 
to  the  action  of  hydriodic  acid  quantitatively  by  Zeisel's  method. 

0-1848  gave  0-1G76  Agl.     CH3O  =  578  per  cent. 
CisHgOs'OCHs  contains  5'28  per  cent. 

The  substance  CieHiaOs  is,  therefore,  a  monomethylic  ether  of  a  tri- 
hydroxy-a-methylanthraquinone. 

As  the  residual  hydriodic  acid  contained  some  crystalline  matter  in 
suspension,  it  v^'as  diluted  with  water,  and  the  solid  collected,  washed, 
dried,  and  purified  by  crystallisation  from  toluene,  in  which  it  was  but 
sparingly  soluble.  It  appeared  as  a  pale  yellow,  crystalline  powder, 
soluble  in  caustic  socla  with  a  brown  coloration,  which  on  exposure  to 
air  changed  to  purple.  The  quantity  of  this  substance  obtained  was 
insufficient  for  analysis,  but,  judging  by  its  properties,  it  is  most 
probably  a  trihydroxy-a-niethylanthranole  or  hydranthrone.  A  some- 
what similar  product  is  obtained  from  the  substance  C16H12O5  by 
digestion  in  acetic  acid  solution  with  fuming  hydrochloric  acid  and 
tin.  These  products  will  be  further  investigated  when  more  material 
is  to  hand. 

Action  of  Sulphuric  acid. — In  order  to  decompose  the  methoxy- 
group  of  the  substance  CieHijOs,  it  was  heated  with  sulphuric  acid  at 
160"  for  about  a  quarter  of  an  hour,  by  which  means  the  violet- 
red  solution  became  considerably  browner.  It  was  then  diluted, 
first  with  twice  its  volume  of  acetic  acid,  then  with  alcohol,  and  the 
small  amount  of  black  precipitate  so  formed  was  filtered  off.  To  the 
hot  filtrate,  boiling  water  was  then  carefully  added,  so  that  on  cooling 
a  brownish,  crystalline  product  was  deposited  ;  this  was  purified  by 
crystallisation  from  benzene  with  the  aid  of  animal  charcoal. 

0-0581  gave  0-1421  CO,  and  0-022  H^O.     C  =  66-7 ;  H  =  4-20. 
C15H10O5  requires  C  =  66-66;  H  =  3-70  per  cent. 

It  forms  long,  orange-red  needles  somewhat  resembling  alizarin 
in  appearance,  melting  at  254°,  and  at  higher  temperatures  yielding 
a  sublimate  of  needles.  The  small  amount  of  substance  available  for 
analysis  might  perhaps  throw  some  doubt  on  the  trustworthiness  of 
this  result.  On  consideration,  however,  it  is  evident  that  the  action 
of  sulphuric  acid  on  the  substance  CisHuOs  at  this  temperature 
would  most  probably  result  either  in  the  decomposition  of  the  meth- 
oxy-group,  or  in  the  oxidation  of  the  methyl  group  of  the  a-methyl- 
anthraquinone  with  formation  of  a  carboxylic  acid.  That  the  sub- 
stance obtained  <  annot  be  the  pniduct  of  the  latter  action  is  evident, 
as  in  that  case  it  wcuM  only  contain  60  ptr  cent,  of  carbon.  It  dis- 
solves iu  alkalis  with  a  crimson-red  coloration,  which,  ou  treatment 
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■with  zinc  dnst,  beoomes  pale  yellow,  and,  on  exposure  to  »h\  regains 
its  original  tint.  Its  sulphnric  acid,  solution  is  orange-red,  changing 
to  pale  yellow  when  treated  with  a  crystal  of  potassium  nitrate. 

The  melting  point  and  general  actions  of  this  trihydroxy-a-methyl- 
anthraquinone  appeared  exceedingly  similar  to  those  described  for 
emodin,  and  in  order  to  make  a  comparison  a  sample  of  crude  emodin 
was  obtained  from  Merck,  of  Darmstadt.  This  was  purified  by 
extracting  with  boiling  tolnene,  treating  the  latter  with  dilute  caustic 
soda  solution,  and  precipitating  the  red  aqueous  liquid  with  acid. 
The  orange-coloured  precipitate  was  crystallised  two  or  three  times 
from  acetic  acid,  and  finally  from  benzene.  As  stated  in  the  intro- 
duction, in  general  reactions,  appearance,  and  melting  point,  no 
difference  could  be  detected  between  emodin  and.  the  trihydroxy- 
methylanthraquinone  above  described.  Moreover,  an  examination  of 
their  behaviour  with  boiling  nitric  acid  (sp.  gr.  1*5)  resulted,  in  both 
cases  in  the  formation  of  a  yellow,  crystalline  substance,  probably  a 
tetranitro-derivative.  It  is  believed  that  when  more  material  can 
be  obtained,  a  comparison  of  the  acetyl  derivatives  of  these  two 
substances  will  further  confirm  this  identity. 

Action  of  Nitric  acid  on  the  substance  CigHnOs. — It  is  not  attacked 
by  nitric  acid  (sp.  gr.  1"42)  in  the  cold,  but  on  boiling  it  dissolves, 
forming  a  brownish-red  solution,  which,  if  rapidly  cooled,  deposits  a 
crystalline,  orange  Dowder,  consisting  of  microscopic,  prismatic 
needles.  These  were  collected,  washed  with  nitric  acid,  then  with 
water,  and  dried. 

0-1410  gave  4-9  c.c.  moist  nitrogen  at  22°  and  756  mm.     [N"  =  8-91. 
0-1] 32     „     0-243  CO2  and  0-0383  H^O.     C  =  58-54 ;  H  =  3-75. 
CieHuOsCNOs)  requires  C  =  58-36;  H  =  3-34;  W"  =  4-25  percent. 

Mononitroetnodin  metJiyl  ether  forms  a  bright  yellow  mass,  melting 
at  215 — 217°,  which,  when  heated  strongly,  decomposes  suddenly 
with  emission  of  a  cloud  of  black  vapour.  If  suspended  in  water  and 
treated  with  sodium  amalgam,  the  original  scarlet  colour  of  the 
solution  first  formed  passes  to  blue- violet,  resembling  that  of  sodium 
alizarate,  and  on  adding  acid  brick-red  flocks  are  precipitated, 
evidently  an  amido-compound.  It  dissolves  in  sulphuric  acid  with  a 
bright  red  coloration,  which,  on  heating,  becomes  dirty  violet ;  the 
addition  of  water  then  throws  down  dark  brown  flocks,  dissolving  in 
alkali  with  a  beautiful  violet  coloration,  but  possessing  only  feeble 
dyeing  power. 

The  preceding  nitro-compound  of  the  subptance  CieHijOj  was 
added  to  nitric  acid  of  sp.  gr.  1-54,  the  solution  boiled,  evaporated  to 
a  small  bulk  and  cooled,  when  a  semi-solid,  crystalline  mass  was 
obtained  ;  this  was  treated  with  a  little  glacial  acetic  acid,  collected, 
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and   purified  by  crystallisation  from  the  same  liquid.     An  analysis 
gave  the  following  result. 

0-1284  gave  137  c.c.  moist  nitrogen  at  23°  and  753  mm.    I^  =  11-90. 

CeHgOsCNO^),  =  1207  per  cent.  IS^. 

CsHACNOOi  =  12-40          „         N. 

This  substance  is,  therefore,  either  a  tetranifrnemoilin  methyl  etlipr 
or  a  tetranUroiimodiyi,  a  point  which  cannot  be  definitely  decided  until 
more  material  is  obtainable.  It  forms  a  beautiful,  glisteningr  mass  of 
long,  thin,  orange-yellow  needles  which  melt  and  decompose  at  about 
275°;  when  more  strongly  heated  there  i«a  slight  explosion.  It  dissolves 
iu  solutions  of  the  alkali  hydroxides  or  ammonia  with  a  red  coloration, 
and  if  the  crystals  be  exposed  in  an  atmosphere  which  contains  but  a 
mirnitp  trace  of  ammonia,  they  are  at  once  reddened.  When  treated 
with  alkaline  reducing  agents,  a  beautiful,  blue-violet  liquid  is 
obtained,  from  which  a  similar  coloured  precipitate  gradually  sepa- 
rates, whilst  on  neutralising  the  solution  maroon-coloured  flocks  are 
deposited.  It  is  insoluble  in  cold  sulphnric  acid,  but,  on  heating,  it 
dissolves  with  an  orange-red  coloration;  the  solution,  when  strongly 
heated,  becomes  of  a  brownish-violet  tint,  eas  being  evolved  ;  on  now 
pouring  it  into  water,  dirty  brown-violet  flocks  are  precipitated, 
soluble  in  alkalis  with  a  violet  coloration. 

The  action  of  nitric  acid  on  emodin  itself  is  undergoing  investiga- 
tion. 

Suhsfance  of  the  Formula  Ci6Hu04  (A). 

The  acetone  mother  liquors  from  the  purification  of  the  substance 
CieHijOs  (p.  9.32)  were  evaporated  to  a  small  bulk  and  cooled,  when  an 
almost  colourless  crystalline  product  separated  ;  this  was  collected  and 
extracted  two  or  three  times  with  cold,  and  finally  with  a  little 
boiling  benzene,  and  the  sparingly  soluble  residue  purified  by  two 
or  three  crystallisations  from  much  toluene  with  the  aid  of  animal 
charcoal. 

0-1143  gave  02962  CO,  and  00512  H^O.     C  =  70-69 ;  H  =  4-98. 
CigHuOi  requires  C  —  7111  ;  H  =  5-18  per  cent. 

It  forms  a  mass  of  beautiful,  colourless  gflistening  needles,  and 
decomposes  at  about  260"  before  melting.  It  is  almost  insoluble  in 
benzene  and  alcohol,  more  soluble  in  acetone  and  acetic  acid,  crystal- 
lising readily  from  the  latter.  It  dissolves  in  sulphuric  acid  with 
an  orange-red  coloration,  which,  on  heating,  becomes  green  ;  on  add- 
ing water,  a  greenish-black  precipitate  is  produced,  which  is  partially 
soluble  in  alkalis  with  a  purple,  red-violet  coloration.  When  distilled 
with  zinc  dust,  a  sublimate  of  greenish-yellow  leaflets  is  obtained, 
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consisting'  of  methylanthracene,  identical  with  that  obtained  in  a 
similar  manner  from  the  emodin  methyl  ether.  The  substance  (A) 
is  insoluble  in  cold  alkaline  solutions,  but,  on  warming,  gradually 
dissolves,  forming  a  brownish-yellow  solution ;  on  continued  boiling, 
this  darkens,  and  if  it  be  now  treated  with  acid  a  brownish-green 
precipitate  is  deposited. 

Action  of  Acetic  Anhydride. — The  substance  CieHnOi  was  heated 
with  acetic  anhydride  until  completely  dissolved,  about  two  hours 
iisually  being  required  to  effect  this ;  it  was  then  boiled  for  four 
hours  longer.  The  resulting  red  solution,  which  had  a  strong  green 
fluorescence,  was  mixed  with  a  little  methylic  alcohol,  and  the 
greenish  serai-crystalline  mass  which  was  precipitated,  was  collected, 
washed  with  methylic  alcohol,  and  purified  by  redissolving  it  in 
acetic  anhydride  and  precipitating  with  methylic  alcohol. 

0-1177  gave  0-2842  CO^  and  00524  H^O.     C  =  6585;  H  =  4-95. 
Ci6Hu04(C2H30)3  requires  C  ^  ii(j-66.     C  and  5-05  H. 

Thus  obtained  it  forms  a  pale  yellowish-green  powder  which,  when 
heated,  darkens  at  200 — 210°,  and  decomposes  before  melting.  It  is 
almost  insoluble  in  alcohol,  moderately  soluble  in  benzene  or  acetic 
acid,  and  may  be  obtained  from  the  latter  in  au  indistinct  crystalline 
form.  Its  solution  in  benzene  is  red,  with  a  strong,  greenish  fluores- 
cence. It  is  insoluble  in  cold  alkali,  but  on  continued  boiling  it  is 
decomposed  with  formation  of  a  brownish-red  solution. 

Oxidation  of  the  substance  C16H14O4  (A). — In  studying  this  action,  it 
was  dissolved  in  excess  of  boiling  glacial  acetic  acid,  and  a  few  drops 
of  a  dilute  solution  of  chromic  acid  in  the  same  solvent  added ;  the 
solution,  when  mixed  with  an  equal  volume  of  water  and  allowed  to 
cool,  deposited  glistening  orange-red  needles,  which  were  collected 
and  analysed  with  the  following  result. 

0-1293  gave  0-3193  CO^  and  0-05  H^O.     C  =  67-35  ;  H  =  4-29. 
C1SH12O5  requires  C  =  67'6;  H  =  4-22  per  cent. 

The  product  melted  at  200°,  and  was  identical  with  the  emodin 
methyl  ether  previously  described.  As  stated  in  the  introduction, 
this  substance  appears  to  be  a  trihydroxy-a-niethylanthranole  mono- 
inethyl  ether. 

Action  of  Nitric  acid  on  C16H14O4  (A). — It  is  not  attacked  by  cold 
nitric  acid  (sp.  gr.  1-42),  but  on  heating  a  violent  action  takes  place  ; 
on  now  adding  water  to  the  deep  brown  solution,  orange-yellow  flocks 
are  deposited.  Cold  nitriC  acid  (sp.  gr.  I'S)  gives  a  similar  result, 
but  on  boiling,  followed  by  evaporation  and  the  addition  of  a  trace 
of  acetic  acid,  a  crystalline  product  is  obtained  ;  this,  after  purification, 
was  found  to  be  identical  with  the  tetranitroemodin  or  telrauitro- 
tmodin  methyl  ether  previously  described  (p.  9'65). 
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Snhstauce  of  the  Formula  C16H14O4  (B),  m.  p.  173. 

The  extraction  of  this  fourth  substance  from  the  residual  crystalline 
products  was  at  first  a  matter  of  considerable  difficulty,  for  though  these 
usually  melted  at  temperatures  varying  bet  ween  163°  and  176°,  they  still 
contained  about  30  per  cent,  or  more  of  the  two  previously  described 
substances  melting  at  200°  and  above  260°  respectively.  This  diffi- 
culty was  further  increased  by  the  fact  that  this  fourth  substance  can 
be  obtained  in  two  very  distinct  crystalline  forms.  The  crystallising 
media  found  most  useful  for  the  separation  were  benzene,  and  some- 
times acetic  acid,  and  by  their  use  a  definite  product  was  obtained 
melting  at  173°. 

0-1021  gave  02653  CO,  and  0-0470  H2O.     C  =  7086  ;  H  =  511. 

0-1197     „     0-3108    „      „     0-0540     „        C  =  70-82 ;  H  =  5-01. 

CisHuOi  requires  C  =  71-11  ;  H  =  5-18  per  cent. 

It  crystallises  in  pale  yellow  or  almost  colourless  needles,  melting 
at  173°,  and  at  higher  temperatures  gives  a  sublimate  and  at  the  same 
time  carbonises  strongly,  Frequently  it  crystallises  from  benzene  in 
long  needles  of  a  more  orange  tint,  which  appear  to  contain  benzene 
of  crystallisation,  since  they  become  opaque  and  devoid  of  lustre  on 
drying.  One  form  was  frequently  obtained  from  the  other  during 
recrystallisation  from  benzene,  though  it  was  not  possible  to  find  any 
definite  means  by  which  this  change  could  with  certainty  be  brought 
about.  Both  forms  melt  at  173°,  have  identical  properties,  and  on 
analysis  give  similar  numbers.  The  substance  Ci6Hu04  (B)  is  sparingly 
soluble  in  alcohol,  more  readily  in  acetone,  acetic  acid,  or  benzene. 
When  distilled  with  zinc  dust,  it  yields  methylanthracene,  identical  with 
that  obtained  from  the  previous  products.  It  dissolves  in  cold  sul- 
phuric acid  with  an  orange-brown  coloration,  which,  on  heating,  be- 
comes green,  and  deposits  greenish  flocks  on  adding  water  (compare 
substance  CioHuOi  A,  p.  935). 

Action  of  Acetic  Anhydride. — It  was  boiled  for  six  hours  with  acetic 
anhydride,  and  the  hot  solution  was  then  mixed  with  a  little  alcohol. 
On  cooling,  a  crystalline  powder  separated,  which  under  the  micro- 
scope was  seen  to  consist  of  minute  prisms  of  a  light  yellow  colour. 
It  melts  at  227  —229°,  and  is  moderately  soluble  in  acetic  acid,  from 
which  it  can  be  crystallised.  Its  solution  in  alcohol  has  a  strong 
blue  fluorescence. 

Though  chemically  distinct  from  one  another,  the  resemblance 
between  the  substance  C1CH14O4  B  and  chrysarobin,  obtained  from 
Ooa  powder,  is  remarkable.  They  melt  respectively  at  173°  and 
171 — 178°,  their  acetyl  derivatives  each  at  227 — 229",  and  the  solu- 
tions of  the  latter  in  alcohol  both  have  a  strong  blue  fluorescence. 
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Oxidation  of  the  Substance  C16H14O4  (B). — This  was  readily  earned 
out  by  adding  chromic  acid  to  an  acetic  acid  solution  of  the  substance 
in  a  manner  similar  to  that  described  under  the  head  of  "  C16H14O4. 
(A)  "  (p.  936).  The  glistening  mass  of  orange-yellow  needles  thus 
obtained  melted  at  200",  and  Avas  identical  with  the  emodin  methyl 
ether  previously  des(!ribed. 

0-1080  gave  0-266  CO2  and  0-043  H^O.     C  =  67-16  ;  H  =  4-4. 
Ci6Hi205  requires  C  =  67-6  ;  H  =  4-22  per  cent. 

The  substance  C18H14O4  (B)  is  almost  insoluble  in  cold,  dilute  alkalis,, 
but,  on  warming,  it  dissolves,  forming  an  orange-brown  solution  ;■ 
this,  on  exposure  to  the  air,  slowly  acquires  a  blood-red  colour,, 
and  on  now  adding  an  acid  to  it,  a  brown  precipitate  is  thrown 
down,  which,  after  washing  and  drying,  was  extracted  with  much 
light  petroleum.  On  concentrating  and  cooling  the  petroleum  solu- 
tion, yellow  needles  were  obtained,  melting  at  200°,  and  identical 
Avith  emodin  methyl  ether. 

Action  of  Nitric  acid. — Nitric  acid  (sp.  gr.  I'o)  attacked  it  violently,, 
and,  on  boiling  and  concentrating,  a  crystalline  mass  was  obtained^ 
which  after  purification  gave  yellow  needles,  identical  with  the  tetra- 
nitroemodin  or  tetranitroemodin  methyl  ether  obtained  from  emodin 
methyl  ether  in  a  similar  way. 

A  comparison  of  the  behaviour  of  the  substances  Ci6Hi404  (A)  and 
(B)  shows  that  their  properties  are  very  similar,  the  only  difference- 
of  note  appearing  to  be  the  slightly  readier  oxidation  of  the  latter  iu 
alkaline  solution.  The  substance  C16H14O4  (B)  appears  to  be  the  second 
trihydroxy-a-methylanthranolemonomethyl  ether. 

The  second  main  crystalline  product,  B,  referred  to  on  p.  929,. 
affords  perhaps  the  most  r.eady  material  for  the  preparation  of  the 
substance  Ci6H,404  (B),  consisting,  as  it  does,  chiefly  of  a  mixture  of 
this  with  the  substance  (A),  only  a  trace  of  emodin  methyl  ether 
being  present.  Its  isolation  is  effected  in  the  manner  previously 
described. 

In  the  various  fractions  and  mother  liquors  obtained  during  the 
purification  and  isolation  of  the  four  previously  described  crystal- 
line compounds,  no  other  substance  has  been  detected ;  should  any- 
thing of  the  kind  be  present,  it  can  only  exist  in  the  root-bark 
in  minute  quantity.  Further  search  will  be  instituted  when  larger- 
quantities  of  material  have  accumulated. 

Substance  of  the  Formula  C17H12O5. 

The  main  carbon  bisulphide  filtrate,  which  contained  some  quantity 
of  alcohol  (pp.  928 — 929),  was  evaporated  to  about  one-third  of  its. 
bulk ;  on  cooling,  it  became  almost  semi-solid, owing  to  the  deposition  of 
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a  somewhat  gelatinous  product.  This  was  collected,  and,  after  being' 
repeatedly  washed  with  small  quantities  of  methylated  spirit,  the 
dark  brownish  residue,  consisting  of  an  amorphous  substance  mixed 
with  a  wax,  was  freed  from  the  latter  by  repeated  extractions  with 
large  quantities  of  methylated  spirit,  the  treatment  being  continued 
as  long  as  the  filtrates  deposited  waxy  matter  on  evaporation  and 
cooling.  The  insoluble  residue  was  then  purified  by  crystallisation 
from  benzene,  and  analysed,  with  the  following  result. 

0-104  gave  0-262  CO2  and  0-0448  H2O.     C  =  68-7 ;  H  =  4-78. 
CnHijOft  requires  C  =  68-92  ;  H  =  4-05  per  cent. 

As  thus  obtained,  it  appears  as  a  chocolate-coloured,  friable  mass, 
having  an  indistinct,  crystalline  appearance  when  examined  under  the 
microscope.  Its  most  interesting  reaction  is  that  which  takes  place  on 
boiling  it  with  alkali  solutions,  for  it  dissolves,  forming  an  orange- 
brown  solution,  which  on  exposure  to  air  deposits  a  blue  precipitate, 
probably  the  alkali  salt  of  a  new  compound ;  from  this  behaviour,  it 
appears  to  be  an  anthranole  or  allied  compound.  The  above  pre- 
paration  most  probably  represents  a  pure  specimen  of  this  substance ; 
as,  however,  only  a  small  quantity  has  been  obtained  in  this  condition 
up  to  the  present  time,  it  is  desii-able  to  obtain  more  before  extend-r 
ing  the  study  of  its  reactions. 

The  Wax  of  the  Formula  C.jHi60„,  m.  p.  72°. 

The  hot,  alcoholic  extracts  obtained  during  the  purification  of 
the  substance  mentioned  in  the  preceding  paragraph  were  evapo- 
rated to  a  small  bulk,  and  the  wax  which  separated  on  cooling  was 
collected,  rinsed  with  alcohol,  pressed,  dissolved  in  a  large  quautity  of 
boiling  alcohol,  animal  charcoal  being  added,  and  filtered.  While 
still  warm,  a  considerable  quantity  of  a  nearly  colourless  product 
sepai'ated,  and  this  was  filtered  off  before  the  whole  had  cooled 
down.  The  filtrate  contained  a  small  quantity  of  a  crystalline  pro- 
duct, which  adhered  to  the  wax  with  much  tenacity,  and  from  which 
it  could  only  be  freed  by  warm  filtration.  The  wax  was  further 
purified  by  crystallisation  from  alcohol  with  use  of  animal  charcoal. 

0-1078  gave  0-303  CO2  and  0-111  H^O.     C  =  7666  ;  H  =  11-44. 
(CgHieO),,  requires  C  =  77-14;  H  =  11-42  per  cent. 

It  forms  a  light,  friable  mass,  having  a  faint  flesh-coloured  tint, 
and  under  the  microscope  is  seen  to  consist  of  minute  tangled  needles. 
It  melts  at  72°,  and  at  higher  temperatures  gives  ofE  a  vapour  having 
the  acrid  smell  of  heated  wax. 

Purification  of  the  Crude  Colotiring  Matter. 

The  main  alcoholic  filti-ate,  on  standing,  frequently  deposited  a 

3x2 


940       PERKIN   AND   HUMMEL:   THE   COLOURING  PRINCIPLES 

small  quantity  of  tlie  two  substances  previously  described ;  the  dark 
red  filtrate  from  these,  when  evaporated,  left  a  thick,  treacly  mass 
of  the  colouring  matter  still  contaminated  with  wax  and  other 
impurities ;  this  was  dissolved  in  a  large  quantity  of  boiling  benzene, 
and  treated  with  an  excess  of  animal  charcoal ;  the  filtrate  was  then 
agitated  with  a  boiling  solution  of  dilute  caustic  soda,  and  the  blue- 
violet  alkaline  solution  containing  all  the  colouring  matter  was 
separated  from  the  benzene ;  this  was  a  matter  of  some  difficulty, 
as  the  latter  now  held  in  suspension  a  semi-solid  substance  in 
some  quantity,  very  often  necessitating  the  previous  removal  of  the 
latter  by  filtration  of  the  whole  mixture  through  calico.  This 
semi-solid  substance  was  crystallised  from  alcohol,  and  proved  to  be 
a  wax-like  substance,  containing,  no  doubt,  a  certain  quantity  of  the 
wax  previously  described.  It  will,  however,  be  more  thoroughly  in- 
vestigated when  larger  quantities  can  be  obtained. 

The  orange-coloured  benzene  solution,  from  which  the  colouring 
matter  had  been  extracted  by  treatment  with  alkali,  was  evaporated  to 
dryness ;  the  viscid  residue  after  a  time  deposited  crystals,  which 
were  thrown  on  to  calico,  washed  with  a  little  alcohol,  and  finally 
purified  by  crystallisation  from  the  same  solvent  with  the  aid  of 
animal  charcoal. 

0-11  gave  0-2722  CO2  and  0-044  H^O.     C  =  67-48  ;  H  =  4-4. 
CieHiaOs  requires  C  =  67-6  ;  H  =  4-22  per  cent. 

This  substance  crystallises  in  orange-coloured  needles  melting  at 
200°,  and  is  evidently  identical  with  the  emodin  methyl  ether  pre- 
viously described.  Its  appearance  at  this  point  is  singular,  as,  owing 
to  its  somewhat  sparing  solubility,  one  would  naturally  expect  it  to 
be  separated  at  a  much  earlier  stage.  It  is  highly  probable,  there- 
fore, that  as  alkali  was  used  for  the  extraction  of  the  colouring 
matter  from  the  benzene  solution,  it  is  here  present  merely  as  a  de- 
composition product,  either  of  a  small  quantity  of  the  compound 
C16H14O4  (B),  or  of  some  other  substance  which  has  not  yet  been  iso- 
lated. In  further  support  of  this  suggestion,  it  is  worthy  of  note 
that  not  one  of  the  other  crystalline  products  here  described  could 
be  detected  in  this  benzene  solution. 

The  Colouring  Matter.      Ventilagin. 

The  red-violet  alkaline  solution  mentioned  above,  when  neutralised 
with  acid,  deposited  a  maroon-coloured  resinous  precipitate,  which 
became  semi-liquid  when  the  mixture  was  warmed.  It  was  dissolved 
on  agitating  with  benzene,  and  again  removed  from  the  latter  by  means 
of  dilute  alkali;  this  treatment  being  continued  with  fresh  quantities  of 
benzene,  until  the  final  benzene  solution,  after  extraction  with  alkali, 
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was  only  faintly  yellow.  Tlie  alkaline  solution  was  then  saturated 
with  common  salt,  and  the  amorphous  precipitate  of  the  alkali  salt  of 
the  colouring  matter  was  washed  with  a  strong  solution  of  common 
salt  containing  a  trace  of  alkali,  until  a  nearly  colourless  filtrate  was 
obtained.  By  this  means,  a  small  quantity  of  substance,  soluble  in 
alkali,  with  an  orange-red  coloration,  was  removed.  The  alkali  salt  was 
then  suspended  in  water,  neutralised  with  acid,  and  the  free  colouring 
matter  dissolved  in  ether,  and  freed  from  a  small  quantity  of  dark- 
coloured  impurity  by  filtration.  The  resinous  residue  left  on  evapo- 
rating the  ethereal  solution  to  dryness,  was  now  extracted  with  a 
little  warm  methylic  alcohol ;  by  this  means  a  further  quantity  of  the 
sparingly  soluble  impurity  remaining  undissolved  was  removed,  and 
the  alcoholic  extract  was  then  poured  into  a  large  bulk  of  dilute  potas- 
sium carbonate  solution.  On  adding  common  salt  to  the  alkaline 
liquid,  the  potassium  salt  could  be  readily  precipitated  in  two  frac- 
tions, the  first  of  which  carried  down  with  it  the  last  traces  of  the 
less  soluble  substances,  the  second  and  largest  representing  a  very 
pure  product.  The  latter  was  suspended  in  water,  decomposed  with 
acid,  the  colouring  matter  dissolved  in  ether,  the  solution  evaporated, 
and  the  residue  dried  at  110°  until  the  weight  was  constant.  Ana- 
lyses of  different  preparations  gave  the  following  numbers. 

I.  0-1182  gave  0-2675  CO^  and  0-0535  HjO.     C  =  61-72  ;  H  =  5-02. 

II.  0-1181     „     0-2700  CO2  and  0-0565  H^O.     C  =  62-84;  H  =  5-31. 

C15H14O6  requires  C  =  62-06 ;  H  =  4-83  per  cent. 

As  thus  obtained,  ventilagin  is  a  reddish-brown,  brittle,  resinous 
mass,  possessing  a  slight  metallic  lustre  ;  it  softens  at  about  100°,  and 
becomes  liquid  at  110°.  Although  the  numerous  attempts  made  to 
obtain  it  in  a  crystalline  condition  have  been  unsuccessful,  notwith- 
standing the  modes  of  purification  adopted  have  been  very  varied,  it  is 
highly  probable  that  the  preparations  described  above  consist  of  the 
substance  in  a  pure  condition.  It  is  very  readily  soluble  in  alcohol, 
ether,  and  benzene,  very  strong  solutions  of  which  deposit  it,  on  cool- 
ing, as  a  gelatinous  mass,  and  it  is  only  sparingly  soluble  in  light 
petroleum  and  in  water.  "When  strongly  heated,  it  is  cai-bonised  with 
evolution  of  a  vapour  having  a  phenolic  odour,  which  is  best  collected 
by  passing  it  through  ether  or  alcohol ;  on  evaporating  these  solu- 
tions, a  pale  brown-coloured  oil  is  obtained,  which  does  not  solidify 
on  standing ;  it  is  soluble  in  alkali,  but  gives  no  characteristic 
reaction  with  ferric  chloride  either  in  aqueous  or  in  alcoholic  solu- 
tion. On  distillation  with  zinc  dust,  ventilagin  yields  a  small  quantity 
of  greenish  leaflets  consisting  of  a-niethylanthracene.  Ventilagin 
dissolves  in  cold  sulphuric  acid,  forming  a  magenta-coloured  solution, 
which,  on  heating  to  150",  evolves  sulphurous  acid ;  a  carbonaceous 
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product  is  produced,  only  a  trace  of  which  is  soluble  in  alkalis.  It 
dissolves  in  solutions  of  the  alkali  hydroxides  and  carbonates,  forming 
coloured  solutions  slightly  redder  than  those  obtained  from  anthra- 
purpurin ;  on  adding  common  salt,  the  alkali  salts  are  precipitated  in 
an  amorphous  condition,  and  may  be  purified  by  taking  advantage  of 
their  solubility  in  alcohol.  The  barium  salt,  which  is  precipitated  on 
adding  barium  chloride  to  aqueous  solutions  of  the  sodium  or  potas- 
sium salt,  is  a  violet-red,  amorphous  powder.  When  a  boiling  alka- 
line solution  of  the  colouring  matter  is  treated  with  zinc  dust,  an 
orange-yellow  solution  is  obtained,  which,  on  exposure  to  air,  re- 
sumes its  original  tint ;  from  this  it  appears  that  ventilagin  is  a 
derivative  of  a-methylanthraquinone.  It  dissolves  in  nitric  acid 
(sp.  gr.  1'4  or  1"5),  but  no  precipitate  is  produced  on  adding  water  to 
the  orange-brown  solution.  If,  however,  the  nitric  acid  solution  is 
evaporated  to  dryness,  a  colourless,  crystalline  residue  is  obtained, 
consisting  entirely  of  oxalic  acid.  As  stated  in  the  introduction,  this 
colouring  matter  is  possibly  allied  to  alkannin,  the  colouring  matter 
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from  Anchnsa  tinctoria,  and  we  propose  for  it  the  name  ventilagin ; 
further  experiments  will  be  carried  out  with  the  object  of  determin- 
ing its  constitution,  and  an  investigation  of  alkannin  from  the 
Anclmsa  tinctoria  will  be  carried  out  at  the  same  time.  The  details 
of  the  separation  of  the  various  substances  bere  described  being 
somewhat  difficult  of  explanation,  the  accompanying  scheme  (pre- 
ceding page)  has  been  drawn  out  in  which  are  embodied  the  main 
methods  used  for  this  purpose. 

Dyeing  Froperties. 

Experiments  in  dyeing  with  the  root-bark  of  Ventilago  madraspaiana 
have  been  previously  made  by  Gonfreville  (^VArt  de  la  Teiuture  des 
Laines,  1849,  p.  542)  and  by  T.  Wardle  {Eeport  on  the  Dyes  and  Tans 
of  India,  1887,  pp.  3,  21).  Our  experiments  were  made  on  ordinary 
stripe  mordanted  calico  printed  with  aluminium  and  iron  mordants, 
also  on  wool  and  silk  with  chromium  and  tin  mordants  in  addition. 

Its  application  presents  no  difficulty,  although,  owing  to  the  slight 
solubility  of  the  colouring  matter  in  water,  dyeing  does  not  begin  till 
the  temperature  reaches  70 — 80°.  No  additions  to  the  dye-bath  are 
necessary,  except  in  the  case  of  wool  and  silk,  with  which  it  is 
advantageous  to  use  a  small  percentage  of  calcium  acetate  to  correct 
the  acidity  of  the  mordanted  fibre. 

On  cotton,  it  gives,  with  aluminiam  mordant,  a  purplish-red,  much 
bluer  in  shade  and  duller  than  that  given  by  Lima-wood ;  with  iron 
mordant,  it  gives  grey  to  black  according  to  the  concentration  of  the 
mordant,  the  grey  being  a  more  neutral  tint  than  the  purplish-grey 
given  by  Lima-wood  ;  with  a  mixture  of  aluminium  and  iron  mor- 
dants, the  colour  is  purplish-chocolate. 

On  oil-prepared  calico  with  aluminium,  chi-omium,  and  ii'on  mor- 
dants, one  obtains  rich  claret-red,  purplish-brown,  and  purplish-black 
colours  repectively. 

Colours  similar  to  the  foregoing  are  obtained  on  wool  and  silk, 
and  with  tin  mordant  a  red,  very  similar  to  that  given  by  alizarin 
with  aluminium  mordant. 

Generally  speaking,  the  Ventilago  colours  are  somewhat  similar  to 
those  obtainable  from  Camwood  or  from  Lima-wood  ;  like  the  latter, 
they  are  fugitive  to  light,  but  are  decidedly  faster  to  soap ;  they  do 
not,  however,  equal  in  this  respect  the  alizarin  coloui's.  Although  the 
chemical  part  of  this  paper  seems  to  indicate  that  the  colouring 
matters  of  Ventilago  madraspatana  a,nd  of  Anchusa  tinctoria  (alkannin) 
are  possibly  related  to  each  other,  the  colours  they  yield  in  dyeing 
are  very  different,  the  latter  giving,  with  aluminium  mordant,  a  bluish- 
grey,  the  former,  as  already  stated,  a  purplish-red.  We  have  been 
unable,  indeed,  to  find  any  other  colouring  matter  possessing  exactly 
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the  same  dyeing  properties,  and,  tlierefore,  taking  the  latter  in  con- 
junction with  the  results  of  the  chemical  examination,  we  have  come 
to  the  conclusion  that  this  dye-stuff  contains  a  new  colouring  matter. 

ClotliworTcers  Research  Laboratory, 
Dyeing  Department, 

Yorlishire  College. 


LXXVI. — A  Product  of  the  Action  of  Nitric  Oxide  on. 

Sodium  Ethylate. 

By  G.  W.  MacDonald,  B.Sc,  and  Orme  Massox,  M.A.,  D.Sc. 

The  perusal  of  W.  Traube's  paper,  "  Ueber  Isonitramine,"*  has 
led  us  to  decide  on  the  publication  of  such  results  as  we  have  already 
obtained  in  the  study  of  the  above  interaction,  though  they  are  in- 
complete, and  we  should  otherwise  have  waited  till  we  had  obtained 
fuller  and  more  satisfactory  analytical  data,  and  had  succeeded  in 
clearing  up  certain  doubtful  points. 

We  have  found  that  nitric  oxide  is  absorbed  in  large  quantity, 
though  but  slowly,  by  an  alcoholic  solution  of  sodium  ethoxide, 
and  that  the  most  characteristic  product  of  the  change  is  the  sodium 
salt  of  a  new  acid,  which,  being  insoluble  in  alcohol,  separates  as  a 
crystalline  precipitate.  From  the  sodium  compound  various  other- 
salts  have  been  made,  and  the  unstable  acid  has  been  obtained  in 
aqueous  solution.  Analyses  of  the  copper  salt  point  to  CH2*.N404H2 
as  the  formula  of  the  acid,  half  the  hydrogen  of  which  is  replaceable 
by  metal.  This  formula  is  identical  with  that  which  we  now  find 
accorded  by  Traube  (who  bases  it  on  the  analysis  of  a  barium  salt) 
to  a  compound  which  he  designates  iniethylene-diisonitramine, 
CH2(N202H)2.  He  obtained  the  sodium  salt,  together  with  sodium 
acetate,  by  the  action  of  nitric  oxide  on  acetone  in  the  presence  of 
alcoholic  soda,  and  he  states  that  the  action  occurs  according  to  th& 
equation 

CHs-CO-CHa  +  mo  +  3NaOH  =  CHa'COONa  + 

CH2(N202Na)2  +  2H2O. 

As  the  compounds  obtained  by  us  and  those  described  by  Traube 
agree  not  only  in  composition  but  also,  so  far  as  we  can  judge  from 
his  account,  in  their  characteristic  properties,  there  can  be  no  doubt 
that  they  are  identical.     In   that   case,  it  would   appear  probable, 

*  Berichte,  1894,  p.  1.507.  This  number,  issued  on  the  25th  June,  was  received 
in  Melbourne  on  the  2nd  August.  The  results  of  our  work,  now  described,  were 
all  obtained  before  that  date. — O.M.,  6th  August,  1894. 
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either  tbat  the  acetone  employed  by  Traube  is  not  an  essential  parti- 
cipator in  the  action,  or  that  in  our  apparently  simpler  mode  of 
preparation  acetone  or  some  similar  compound  is  produced  as  a 
preliminary  step.  "We  have,  however,  given  but  little  attention  as 
yet  to  the  products  of  the  action  other  than  the  new  sodium  salt,  this 
being  an  aspect  of  the  question  which  we  had  set  aside  in  the 
meantime. 

Mode  of  Action. — The  first  expei-iments  were  undertaken  in  order 
to  ascertain  whether  nitric  oxide  would  react  with  sodium 
amalgam  in  presence  of  absolute  alcohol  to  produce  sodium  hypo- 
nitrite,  this  salt  having  recently  been  shown  by  Jackson  (Proc, 
1893-94,  No.  128,  p.  210)  to  be  insoluble  in,  and  stable  in  the 
presence  of,  alcohol,  though  it  is  decomposed  by  water.  Hyponitrite 
was  not  obtained  except  in  certain  cases  where  the  complete  exclusion 
of  air  was  somewhat  uncertain ;  but  in  all  other  cases  a  white  or 
yellowish  crystalline  precipitate  was  formed,  which  had  peculiar  pro- 
perties, and  could  not  be  identified  with  any  known  substance.  This, 
led  to  the  trial  of  an  alcoholic  solution  of  sodium  ethoxide,  instead  of 
sodium  amalgam  and  alcohol,  and  resulted  in  the  production  of  the- 
same  precipitate  as  before. 

If  the  nitric  oxide  and  excess  of  the  ethoxide  be  enclosed  in  a  eudio- 
meter tube  over  mercury,  the  absorption  of  the  gas  can  be  observed, 
and  is  found  to  go  on  slowly,  and  with  great  regularity,  till  at  the 
end  of  about  a  fortnight  it  is  complete.  During  this  time,  the  crys- 
talline precipitate,  which  is  at  first  white,  increases  in  quantity  and 
acquires  a  decided  yellow  tint,  as  does  also  the  alcohol.  The  develop- 
ment of  colour  is  similar  to,  but  not  so  pronounced  as,  that  seen  in 
the  case  of  sodium  ethoxide  solution  exposed  to  air.  In  one  such  ex- 
periment, 6"2  c.c.  of  a  solution  of  the  ethoxide  containing  0*237  gram 
of  sodium  was  put  up  with  61"7  c.c.  (at  normal  pressure  and  tempera- 
ture) of  nitric  oxide,  that  is,  the  ratio  of  Na  to  NO  was  about  4:1; 
and  in  another  experiment  the  ratio  taken  was  6:1.  In  both  these 
cases,  the  appearances  were  those  described  above,  and  the  absorption 
became  complete  in  about  13  days,  only  a  very  small  volume  of  what 
appeared  to  be  nitrogen  remaining,  equal  to  about  3  per  cent,  of  the 
original  gas.  This,  however,  was  not  impurity  derived  from  the- 
nitric  oxide  used,  which  had  been  prepared  with  special  care,  and 
pi'oved  to  be  pure  to  the  extent  of  998  per  cent.  In  another  experi- 
ment, in  which  the  ratio  Na  :  NO  was  made  unity,  the  absorption  is 
not  yet  complete,  nor  has  it  altogether  stopped,  although  almost  three 
months  have  elapsed  since  it  was  started;  in  this  case,  both  the  crys- 
talline precipitate  and  the  alcohol  are  quite  devoid  of  colour. 

In  order  to  obtain  larger  quantities  of  the  salt,  a  glass  gas-holder 
was  used,  capable  of  holding  about  5  litres.    A  known  quantity  of  the 
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•ethoxide  solution  was  poured  in  so  as  to  form  a  layer  at  the  bottom, 
rand  tlie  air  was  then  displaced  by  dry  hydrogen,  and  this  in  turn  by 
pure  nitric  oxide.  This  gas-holder  was  put  in  connection,  through  a 
drying  tube,  with  another  and  similar  gas-holder  full  of  nitric  oxide, 
•on  which  a  constant  water  pressure  could  be  maintained.  Special 
care  was  taken  to  exclude  air  at  the  outset,  and  to  guard  against 
leakage  through  the  taps.  After  two  or  three  weeks,  when  several 
■litres  of  the  gas  had  been  absorbed,  the  residual  nitric  oxide  was  dis- 
placed by  hydrogen,  and  the  gas-holder  then  opened.  The  crystalline 
precipitate  was  then  separated  from  the  excess  of  ethoxide  and  from 
any  soluble  products,  by  filtration  and  thorough  washing  with  alcohol, 
•but  it  was  not  found  possible  to  entirely  free  it  from  colouring  matter  in 
'this  way.  It  can,  however,  be  dissolved  in  water  and  reprecipitated 
by  alcohol;  and  if  the  alcohol  is  allowed  to  diffuse  slowly  into  the 
aqueous  solution  large  plates  and  long  delicate  needles  are  obtained. 
From  the  sodium  salt,  certain  insoluble  metallic  salts  have  been 
prepared, which  may  be  described  before  proceeding  further. 

The  copper  salt  is  the  most  characteristic,  and  its  formation  is  a 
•delicate  test  for  the  presence  of  the  sodium,  or  other  soluble,  salt  in 
solution.  It  separates  as  a  sky-blue  powder  when  copper  sulphate  is 
added,  not  in  excess,  to  a  solution  of  the  sodium  salt  slightly  acidi- 
fied with  acetic  or  sulphuric  acid.  It  is  completely  insoluble  in 
water,  cold  or  hot,  and  is  but  slightly  affected  by  cold  dilute  acids, 
•except  nitric  acid,  which  attacks  it  readily ;  it  dissolves  in  excess  of 
•copper  sulphate,  however,  forming  a  green  solution,  whilst  with 
ammonia  it  gives  a  dark  blue  solution,  from  which  it  may  be  repre- 
cipitated by  neutralisation.  The  dry  salt,  when  heated,  decomposes 
with  so  much  energy  as  to  produce  glowing  and  to  scatter  the  result- 
ing cupric  oxide.  Four  different  preparations  were  used  for  analysis, 
of  which  I,  II,  and  III  were  got  from  the  earlier  experiments  with 
sodium  amalgam,  and  IV  by  the  sodium  ethoxide  method.  The 
salt  was  in  all  cases  dried  over  sulphuric  acid.  The  discrepancies  in 
the  results  obtained  are  somewhat  greater  than  could  be  desired,  but 
they  leave  little  room  for  doubt  as  to  the  correctness  of  the  formula 
'CH2N4O4CU  for  the  pure  salt. 

Found. 
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The  cadmium  salt  falls  rather  slowly  as  a  white,  crystalline  precipl- 
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tate  of  characteristic  appearance,  when  cadmium  sulphate  is  added  to 
an  aqueous  solution  of  the  sodium  salt.  In  its  behaviour  towards 
acids,  and  on  heating,  it  resembles  the  copper  salt.  It  is  a  hydrated 
compound,  and  estimations  of  the  cadmium  in  samples  obtained  from 
two  different  preparations  of  the  sodium  salt  and  dried  over  sulphuric 
acid  are  in  accoi'dance  with  the  formula  CH2N404Cd,2H20.  This 
formula  requires  39'72  per  cent,  of  cadmium  ;  found,  40'03,  39*50, 
and  40'22  per  cent.  Further  analyses  of  this  salt  have  not  yet  been 
made. 

The  silver  salt  is  a  white,  curdy  precipitate,  somewhat  soluble  in 
cold  water,  and  readily  dissolved  by  dilute  acids  or  ammonia,  but  can 
be  re-obtained  from  such  solutions  by  exact  neutralisation.  It  darkens 
slowly  in  the  cold,  and  when  boiled  with  water  it  decomposes 
rapidly  with  evolution  of  gas  and  deposition  of  a  silver  mirror.  It 
explodes  when  heated  in  the  dry  state.  A  single  estimation  of  silver 
in  a  sample  partially  decomposed  by  exposui-e  gave  6322  per  cent.; 
calculated  for  CH2iS^404Ag2,  61*71  per  cent. 

The  barium  salt,  obtained  by  precipitation  with  barium  chloride, 
has  properties  agreeing,  so  far  as  we  have  observed  them,  with  those 
described  by  Traube  (loc.  clt.).     He  gives  the  formula 

CH2N404Ba,2H20 

for  the  salt  dried  over  sulphuric  acid.  His  description  of  the  silver 
salt  (the  only  other  salt  examined  by  him)  also  agrees  with  our 
observations. 

Other  chai'acteristic  insoluble  salts  ai'e  obtained  by  precipitating  a 
solution  of  the  sodium  salt  by  calcium  chloride,  lead  acetate,  mer- 
cui'ous  nitrate,  and  ferrous  sulphate. 

The  sodium  salt  itself  has  not,  as  yet,  been  fully  examined.  As 
stated  above,  it  is  obtained  in  the  first  instance,  after  washing  the 
product  with  alcohol  and  drying  over  sulphuric  acid,  as  a  crystalline 
powder,  more  or  less  yellow  fi-om  the  presence  of  impurity.  It  is 
freely  soluble  in  water,  but  does  not  deliquesce  or  alter  on  exposure  to 
air.  It  explodes  violently  when  heated.  Estimations  of  the  sodium 
and  nitrogen  contained  in  different  preparations,  not  quite  pure, 
point  to  the  ratio  Na :  2N",  and  to  the  formula  CH2lS'404Wa2,H20.  This 
requires  23*23  per  cent,  of  sodium  and  2828  per  cent,  of  nitrogen  ; 
and  the  results  obtained  were 

Sodium,    (I)  23*22,  (II)  23*37,  (III)  23*51  per  cent. 
Nitrogen,    „    26*84,     „     26*77,      „     26*36 

The  large  crystals  already  mentioned  as  obtained  by  diffusion  of 
alcohol  into  the  aqueous  solution  appear  to  be  a  different  hydrate, 
but  have  not  been  analysed.     They  lose  water  at  about  150'^,  leaving 
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an  anhydrous  salt  with  otherwise  unaltered  chemical  properties. 
Explosion  occurs  above  200°.  The  aqueous  solution  of  the  salt  is. 
faintly  alkaline  to  litmus.  It  is  decomposed  by  sulphuric  acid  with 
evolution  of  gas  which  contains  nitrous  and  nitric  oxides,  and 
nitrogen ;  this  decomposition  is  rapid  if  strong  acid  is  employed 
or  if  heat  is  applied,  but  with  cold  dilute  sulphuric  acid  the  action  is 
slower  and  a  peculiar  odour  is  noticeable.  The  salt  gives  the 
Liebermann  reaction  with  phenol  and  strong  sulphuric  acid.  It 
readily  reduces  acid  potassium  permanganate,  but  not  Fehling's  solu- 
tion. It  reduces  gold  chloride  even  in  the  cold,  and  platinum 
chloride  on  prolonged  boiling.     It  decolorises  iodine  solution. 

The  ammonium  salt  has  been  obtained  by  decomposing  the  copper 
salt,  suspended  in  water,  with  a  slight  excess  of  ammonium  sulphide, 
filtering,  and  evaporating  on  the  water-bath.  Partial  decomposition 
occurs,  but  a  crystalline  residue  is  obtained  which  contains  ammonia 
and  gives  all  the  precipitations  already  mentioned  as  characteristic  of 
the  sodium  salt.  It  does  not  explode  when  heated,  but  decomposes, 
with  evolution  of  gas. 

The  free  acid  has  also  been  obtained,  though  only  in  solution, 
from  the  copper  salt  by  suspending  it  in  water  and  passing  in  a 
stream  of  hydrogen  sulphide.  The  excess  of  the  latter  is  then 
removed  by  a  current  of  hydrogen,  which  also  serves  to  coagulate  the 
copper  sulphide  and  make  filtration  possible  ;  the  solution  obtained 
in  this  way  is  strongly  acid  to  litmus,  and  reduces  potassium  per- 
manganate solution.  When  fresh,  it  can  be  reconverted  into  the  sky- 
blue  copper  salt  by  precipitation  with  copper  sulphate,  or  into  the 
sodium  salt  by  neutralising  with  soda  and  precipitating  with  alcohol. 
There  can  thus  be  no  doubt  that  the  solution,  when  first  prepared, 
contains  the  acid  CH2*.]N'404H2.  But  it  is  rapidly  decomposed  when 
heated ;  and,  even  in  the  cold,  it  slow!}'  evolves  gas,  apparently 
nitrous  oxide  and  a  small  amount  of  nitric  oxide,  and  a  yellow 
solution  remains  which  contains  a  different  acid  and  gives  different 
reactions.  After  some  days,  it  no  longer  gives  the  characteristic 
copper  precipitate  ;  it  yields  a  solid  residue  on  evaporation  ;  with 
alkalis,  it  gives  deep  orange-coloured  solutions  ;  and  with  silver 
nitrate,  it  gives  a  salt  which  separates  from  boiling  water  in  the 
form  of  beautiful,  red  crystals,  insoluble  in  cold  water,  and  highly  ex- 
plosive when  heated.  Further  exaniination  of  the  free  acid  and  its 
decomposition  products  has  not  yet  been  possible. 

Constitution  of  the  Acid. — Among  compounds  already  known,  those 
•which  approach  nearest  to  the  new  acid  and  its  salts  in  mode  of 
formation  and  in  properties  are,  as  Ti-aube  also  notices,  Frankland'a 
so-called  dinitromethylates  and  dinitroethylates  (Fhil.  Trans.,  147, 
59).     These  salts  differ  from  ours  in  being  all  soluble  in  water,  but 
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they  resemble  them  in  their  explosive  characters  and  in  other 
respects,  and  especially  in  their  mode  of  decomposition  by  acids.  It 
is  therefore  probable  that  their  constitution  is  similai%  the  new  com- 
pound differing  from  Frankland's  only  in  so  far  as  it  contains  the 
•dyad  methylene  group  in  place  of  monad  alkyl. 

"  Dinitromethylic  "  acid.  New  acid. 

The  constitution  of  the  — NzOaH-group  requires  further  investiga- 
tion, but  some  evidence  is  already  available.  Franchimont  and  van 
Erp  (Abstr.,  1894,  i,  273)  have  quite  recently  shown  (contrary  to  the 
view  suggested  in  the  new  edition  of  Watts  Dictionary)  that  this 
group  in  Frankland's  compounds  must  be  isomeric,  and  not  identical 
with  that  contained  in  the  nitramines,  which  do  not  decompose  under 
the  influence  of  dilute  sulphuric  acid.  It  is  on  this  account  that 
Traube  applies  the  name  niethylenedusonitramine  to  the  new  com- 
pound, implying  thereby  that  it  contains  a  group  isomeric  with  the 
iiitramine  group  -]SrH'N02,  but  leaving  the  question  of  the  exact 
constitution  unanswered.     The  choice  seems  to  lie  between  the  alter- 

NO 
natives  -N'N'OHand  "N<Cqtt'     Of  these,  the  former  was  suggested 

O 
by  Frankland  himself  in  his  account  of  the  dinitroethylates,  but  no 
sufficient  reasons  were  given  in  support  of  it.  Either  formula  is 
capable  of  expressing  the  production  of  nitrous  oxide  by  decomposi- 
tion of  the  salts  with  acids  and  the  formation,  in  the  case  of  the 
new  methylene  compound,  of  a  strong  reducing  agent,  namely, 
formaldehyde,  capable  of  reducing  gold  and  silver  salts,  and  potas- 
sium permanganate.  But  the  second  formula  is  better  in  accord 
with  the  fact  now  observed  that  the  new  sodium  salt  gives  the 
Jiiebermann  reaction,  which  is  generally  accepted  as  evidence  of  the 
presence  of  a  nitrosyl  group,  and  is  here  strongly  suggestive  of  a 
iiitrosamine.  According  to  this  view,  which  seems  the  most  likely 
one  in  the  present  state  of  oar  knowledge,  the  new  compound 
methylenedihydroxynitrusamine,  CH2[N(N 0 j'OH],. 

The  Chemical  Laboratory, 

Univers-ity  of  Melbourne. 
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LXXVII. — Derivatives  of  Tetramethylene. 
Bj  W.  H.  Perkin,  jun. 

The  close  relation sliip  whicli  exists  between  tetramethylenecarboxjlie 

PTT  •  OTT 
acid    I  I     "  nnn^  ^^^  *^^  fatty  acids,  especially  the  valeric  acids,. 

not  only  in  physical  properties,  but  also  in  general  cbemical  behaviour, 
has  been  frequently  pointed  out;  and,  in  view  of  this  close  agree- 
ment, the  statement  of  Freund  and  Gudeman  (Ber.,  21,  2695),  that 
the  amide  of  tetramethylenecarboxylic  acid  on  treatment  with  bromine 
and  potash  does  not  yield  more  than  traces  of  tetramethyleneamine, 

I     '  i-rT^T.TTj  5  seemed  remarkable,  especially  when  it  is  remembered 

that  under  similar  conditions  90  per  cent,  of  the  theoretical  yield  of 

isobutylamine  is  obtained  from  the  amide  of  isovaleric  acid  (Hofmann, 

Ber.,  15,  769). 

In  order  to  investigate  the  cause  of   this  difference  in  behaviour, 

numerous  experiments  on  this  reaction  were  made,  and  it  was  found 

that  when  the  pure  amide  of  tetramethylenecarboxylic  acid  (melting- 

at  152 — 153°)  is  employed,  an  excellent  yield  of  tetramethyleneamine 

is  obtained  ;  on  the  other  hand,,  an  impure  amide,  such  as  was  used 

by  Freund  and  Gudeman  (they  give  the  melting  point  of  138°),  gives 

only  traces  of  the  base  under  the  same  conditions. 

CHs-CHa 
Tetramethyleneamine,    '  •  ,  is  a  colourless  liquid  which 

0x12 •  Oil*  JN  rlj 

boils  at  81°,  and  closely  resembles  isoamylamine  in  general  proper- 
ties ;  it  has  a  strong,  basic  odour,  mixes  with  water  with  develop- 
ment of  heat,  and  gives  beautifully  crystalline  salts,  of  which  the 
hydrochloride,  C4H9N,HC1,  and  the  platinochloride,  (C4H9N")2,H2PtCl6, 
were  analysed :  the  former  salt,  w^hen  treated  with  silver  nitrite  in 
aqueous  solution,  is  converted  almost  quantitatively  into  hydroxy- 
tetramethylene. 

CH2'CH2  ^  CH2-CH2 

CHa-CH-NHa  CHo-CH-OH  ^      ♦  ^      -^ 

This  secondary  alcohol  boils  at  128°  and  shows  the  closest  resemblance 
to  the  fatty  alcohols  containing  the  same  number  of  carbon  atoms ;  it 
might,  indeed,  be  readily  mistaken  for  normal  butylic  alcohol. 

When  digested  with  fuming  hydrobromic  acid,  hydroxytetra- 
methylene  behaves  in  a  remarkable  manner,  as  although  it  is  in  part 
converted  into  bromotetramethylene,  a  colourless  oil  boiling  at  104°, 
and  closely  resembling  butylic  bromide  in  properties. 


DERIVATR-ES   OF   TETRAMETHYLENE.  951 

CHo'CHa  TTi-.        CH2'CE[2  ^-^  ^ 

6H..-iH.OH  +  H«'-  =  6H..6HBr  +  HA 

the  principal  product  is  a  dibroniobutane,  CJlsBr2,  boiling  at  173 — 
174°,  which  must  have  been  formed  by  the  disruption  of  the  four- 
carbon  ring, 

P  tr  .  pT-T 

a  behaviour  which,  so  far,  has  only  been  observed  in  the  case  of 
trimethylene  and  some  of  its  derivatives. 

As  none  of  the  dibromobutanes,*  which  had,  so  far,  been  prepared,, 
agreed  in  their  properties  with  the  product  obtained  from  hydroxy- 
tetramethylene,  experiments  were  instituted  with  the  object  of 
synthesising  the  missing  members  of  the  series,  and  in  this  way 
determining  with  which  of  them  this  dibromobutane  was  identical. 
Ultimately,  the  required  isomeride  was  obtained  as  follows. 

Aldol  was  reduced,  in  neutral  solution,  with  sodium  amalgam  a.r\d] 
thus  converted  into  1  :  3-dihydroxybutane, 

CH3-CH(OH)-CH2-CHO  +  H^  =  CH3-CH(OH)-CH2-CH2-OH, 
and  this,  when  treated  with  hydrobromic  acid,  yielded  1  :  3-dibromo- 
butane,  CH3-CHBr-CH2-CH3Br,  which  boils  at  174°,  and  was  found 
to   be  identical  in    all  respects  with  the   dibromide  obtained   from 
hydroxytetramethylene. 

In  the  formation  of  this  dibromobutane  from  hydroxytetramethyl- 
ene, it  is  probable  that  bromofcetramethylene  is  first  produced,  which 
then  reacts  with  a  fui-ther  quantity  of  hydrobromic  acid  with  dis- 
ruption of  the  tetramethylene  ring,  thus : 

^  ^'^  +  HBr  =  CHa-CHBr-CH^-CH^Br. 

That  the  tetramethylene  ring  may  be  split  in  this  way  is  a  very 
interesting  fact  when  taken  in  connection  with  Baeyer's  view  of  the- 
stability  of  rings  as  developed  by  him  in  his  well-known  "  Spannung's 
Theorie"  (Ber.,  18,  2277),  which  is,  briefly  stated,  as  follows. 

If  it  be  supposed  that  the  four  affinities  of  the  carbon-atom  act  in- 
the  direction  of  lines  drawn  from  the  centre  of  a  tetrahedron  to  the 

*  This  will  be  readily  seen  from  the  following  table,  which  gives  the  known, 
isomeridos  with  their  boiling  points  : — 

1  :  2  Dibromobutane,  CH,  •  CHs  •  CHBr  •  CHsBr        B.  p.  166° 
1:4  „  CH-iBr-OHo-CHoCHsBr  „       190 

2:2  „  CHs-CHj-CBrs-CHs  „       145 

2:3  „  CIL, -CHBr- CHBr -CHg  „       158 

1  :  3  Dibromobutane,  CH3. CHBr- CHo-CHjBr    obtained    as     explained, 
above  boils  At  174°. 
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corners,  then  these  directions  are  inclined  to  one  another  at  an  angle 
of  109°  28'. 

When  such  carbon-atoms  combine  together  to  form  a  closed  chain 
the  direction  of  these  affinities  must  be  altered,  and  to  do  this  a 
certain  strain  ("  Spannung  ")  must  be  applied,  which  may  be  measured 
by  the  angle  through  which  the  line  of  affinity  is  supposed  to  be 
deviated.  CH3 

In  the  case  of  trimethylene  HzC^— -^CHz,  for  example,  in  which  the 
carbon-atoms  are  assumed  to  be  situated  at  the  corners  of  an  equi- 
lateral triangle,  the  angles  between  two  affinities  of  each  carbon-atom 
forming  the  ring  is  60°,  that  is  to  say,  the  direction  of  each  affinity 
has  been  displaced  through  an  angle  of  ^(109°  28' — 60°)  =  24°  44' ;  in 

H^C. CH2 

the  formation  of  the  tetramethylene  ring, 

H.C- 


,  the  angle  of 

displacement  is  much  less,  e.g.,  K109°  28'— 90°)  =  9°  44'. 

The  following  table,  ta.ken  from  Baeyer's  paper,  shows  the  devia- 
tion of  the  direction  of"  each  affinity  of  the  carbon-atom  necessary  in 
combining  Avith  other  carbon-atoms  to  form  rings. 

CI12  CH2 

CHo  CHo  CHo-CH2       H2C      CH2     H.C      CH. 

II    '                      /\'               I     '     I                  II  'II' 

CH2  HoC CHo         CHo-CH2       H2C CH.     HjC      CH, 

\/ 
OH2 

-f  54°  44'         +  24°  44'         +  9°  44'       +  0°  44'       -  5°  16'' 

In  ethylene,  the  deviation  is  greatest,  and  the  tendency  of  the  ring 
to  open  out  with  formation  of  additive  products  would,  therefore,  be 
assumed  to  be  very  pronounced  ;  and  this  is  found  experimentally  to 
be  the  case,  since  ethylene  combines  with  the  greatest  ease  with  hydro- 
gen bromide,  bromine,  chlorine,  and  even  iodine  ;  in  the  case  of  ti'i- 
methylene,  the  deviation  is  very  much  less,  and  this  gas,  although  it 
■combines  with  hydrogen  bromide  and  with  bromine  with  disruption 
of  the  ring,  does  so  with  much  greater  difficulty  than  ethylene  ; 
chlorine  does  not  act  on  trimethylene  at  all  except  in  the  presence  of 
sunlight,  and  then  the  principal  products  of  the  action  are  the  substitu- 
tion products, monochlorotrimethylene,  C3H5CI,  and  dichlorotrimethyl- 
ene,  C3HjiCl2,  some  trimethylene  chloride,  CHoCl'CHa'CHaCl,  and 
other  products  being,  however,  also  produced  (Gustavson,  /.  pr.  Chem.^ 
1894,  50,  380). 

In  accordance  with  Baeyer's  theory,  the  tetramethylene  ring 
should  be  much  more  stable  than  the  trimethylene  ring,  and  this  is 
clearly  proved  to  be  the  case  from  a  comparison  of  the  properties  of 
some  of  the  derivatives  of  these  hydrocarbons. 
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Triniethylenecarboxylic  acid,  for  example,  is  readily  acted  on  by 
hydrogen  bx-omide  with,  formation  of  7-bromobutyric  acid, 

/\  +  HBr  =  CH^Br-CHa-CHo-COOH, 

H,.C— CH-COOH 

•whereas  tetramethylenecarboxylic  acid  is  not  decomposed  even  when 

heated   with   fuming   hydrobromic    acid    at    150°,    and    many    other 

similar  cases  might  be  cited ;  on  the  other  hand,  bromotetramethvl- 

ene  is  decomposed  by  boiling  concentrated  hydrobromic  acid,   bat 

comparatively  slowly. 

This  difference  in  the  behaviour  of  bromotetramethylene  and 
tetramethylenecarboxylic  acid  is  very  remarkable,  the  nature  of  the 
substituting  groups  obviously  having  a  very  pronounced  effect  on 
the  stability  of  the  ring ;  this  same  difference  of  stability  is  also  very 
marked  in  the  case  of  the  trimethylene  compounds,  as  will  be  shown 
in  a  subsequent  paper. 

It  would  be  exceedingly  interesting  to  study  the  behaviour  of 
pentamethylene  and  hexamethylene  and  their  derivatives  towards 
hydrobromic  acid,  as,  according  to  Baeyer's  theory,  the  former,  owing 
to  the  slight  strain  necessary  for  its  formation,  would  probably  not  be 
attacked;  this,  moreover,  seems  to  be  true,  since  pentamethylene-1 :2-di- 
carboxylic  acid,  for  example,  may  be  heated  with  hydrobromic  acid 
at  150°  without  change. 

Hexamethylene  and  its  derivatives  might  under  similar  conditions 
be  decomposed,  but  probably  not  so  readily  as  tetramethylene  com- 
pounds, and  the  behaviour  of  these  substances  would  be  an  important 
test  of  the  value  of  the  "  Spannung's  Theorie." 

In  connection  with  this  point,  it  should  be  noted  that  benzene, 
when  heated  at  260 — 270°,  with  hydriodic  acid  containing  iodine, 
yields  hexane  (comp.  Baeyer,  Annalen,  278,  89)  with  disruption  of  the 
ring.  Possibly,  in  this  case,  hexamethylene  iodide,  CsHial,  or  di- 
lodide,  CeHijI?,  may  first  be  produced,  and  then  reduced  to  hexane  by 
the  further  action  of  the  hydriodic  acid. 

y~,  0x12*0x12 

Ghlorotetramethylene^    1        Att^^o  iiiay  be  readily  obtained  bv  the 
0x12*0x101 

action  of  phosphorus  pentachloride  on  hydroxytetramethylene.  It 
is  a  colourless  oil  which  boils  at  85°,  and  when  treated  with  potas- 
sium iodide  in  alcoholic  solution  yields  iodotetramethylene,  C4H7I 
(b.  p.  138°),  although  the  action  does  not  take  place  readily.  The 
last-named  substance  was  prepared  in  considerable  quantity  (30 
.grams),  in  the  hope  that  tetramethylene  might  be  obtained  from  it 
by  redaction  under  suitable  conditions,  and  that  by  treatment  with 
-quinoline  (Baeyer,  Annalen,  278,  107),  dihydrotetrene*  might  be 
formed,  thus. 

*  With  regard  to  tliis  nomenclature,  see  Trans.,  1890,  57,  214. 
VOL.  LXV.  3   Y 
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CHa-CHs 

CH,-CHI 


=    I        II      +  HI. 
CHo-CH  ^ 


The  preliminary  experiments  gave  results  which  seemed  to  bear  out 
these  suppositions  ;  but,  on  the  other  hand,  it  was  soon  evident  that 
a  detailed  examination  of  such  hydrocarbons,  which  would  probably 
boil  at  about  20°  and  35°  respectively,  could  only  be  carried  out  with 
such  quantities  of  material  as  it  would  be  almost  impossible  to  obtain, 
by  the  methods  described  in  this  papei-,  and  therefore  this  part  of  the 
subject  was  not  farther  investigated. 

The  close  resemblance  of  chloro-,  bromo-,  and  iodo-tetrametli- 
ylene  to  the  corresponding  butyl  compounds  is  very  marked,  as 
will  be  seen  from  a  comparison  of  their  properties.  The  tetra- 
methylene  compounds  all  boil  somewhat  higher  than  the  butyl  com- 
pounds, and  this  is  also  noticeable  in  the  case  of  other  tetramethylene 
derivatives,  which  all,  without  exception,  boil  higher  than  the  corre- 
spending  saturated  fatty  compounds,  as   is  seen  from  the  following-^ 

I'll  11  •  11"  011-3*0x12 

table,  in  which  the  symbol  □  is  used  for   i  i       . 

OHo'GH- 


Tetramethylene 
derivatiyes. 

B.p. 

Butane 
derirativos. 

B.p. 

Dife. 

D  COOH 

195° 
81 

122 
85 

104 

C4H9.COOH 

C4H9-NH. 

C.Ho-OH'. 

186" 
76 

116 
77 

100 

131 

+  9"" 

n  -Nil, 

+  5 

□  -OH 

+  7 

□  .01 

C4H9CI 

+  8 

□  .Br 

C.HoBr 

+  4 

□  I    

138 

C4jr,'i 

+  7 

Other  examples  illustrating  the  same  point  might  also  be  given. 

In   the    second  part  of  this  paper,  the   results    of  a  detailed  in- 
vestigation of  the  action  of  bromine  on  tetramethylenedicarboxylie 

^    CH^-CH-COOH  1        .,    T  •        .•     .• 

acid,    I  i-rr  r^r\r\ry>    ^^'®  described,   an  investigation    which    was 

CHj'CH'UUU-rL 

undertaken    in   the  first  instance  in  the  hope  of  obtaining  teti-ene- 

ch:c-cooh    ,        ..1.1. 

dicarboxylic  acid,  I  I  „^^  ,  the  study  of  which,  m  considera- 
tion of  the  similarity  of  its  constitution  to  that  of  phthalic  acid, 
must  have  given  very  interesting  results  ;  bat  this  acid  could  not  bo 
isolated.  Nevertheless,  many  other  substances  were  obtained  which 
are  of  considerable  interest. 

When    tetramethylenedicarboxylie     anhydride     is    treated    with 
excess  of    bromine  in    presence   of    phosphorus,    substitution  takes. 
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place,  and  the  crystallised  product  of  the  reaction,  after  treatment 
with  water,  is  found  to  consist  principally  of  Cis-dibromotetra- 
methylenedicarboxylic  acid, 

CHo.-CH-COOH    ,    ^^         CH.-CBr-COOH        ^^^^^ 
II  +  2Bro  =11  4-  2HBr 

CH2-CH-C00H  ^         -       CHa-CBr-COOH  ^ 

This  acid  melts  at  202 — 205°,  and  Avhen  treated  with  acetic  anhy- 
dride yields  an  anhydride  (m.  p.  104°)  ;  as  this  is  reconverted  into 
the  original  acid  when  dissolveil  in  water,  the  latter  must  be  the  cis- 
dicarboxylic  acid. 

TrrtMs-dibromotetramethylenedicarboxylic  acid  could  not  be  ob- 
tained by  heating  the  m-acid  in  sealed  tubes  with  concentrated 
hydrochloric  or  hydrobromic  acid  at  180° ;  the  product  from  these 
experiments  melted  at  200 — 203°,  and  could  not  be  distinguished 
from  the  c?6-acid.  The  fraws-acid  is  therefore  either  not  formed  in 
this  way,  or  is  very  similar  to  the  cis-a,c'\d  in  physical  properties ;  the 
latter  alternative  is  by  no  means  improbable,  as  the  cis-  and  trans- 
modifications  of  tetramethylenedicarboxylic  acid  are  themselves  so 
very  similar  that  a  careful  examination  of  their  chemical  properties 
is  nec(!ssary  before  they  can  be  distinguished  (Trans.,  this  vol.,  572). 

It  would  be  very  remarkable  if  dibromotetramethylenedicarboxylic 
acid  were  found  to  exist  in  only  one  form,  not  only  from  the  fact  that 
the  parent  substance  tetramethylenedicarboxylic  acid  itself  exists  in 
the  cis-  and  fra?is- modifications,  but  also  because  succinic  acid,  which 
is  similar  to  these  acids  in  constitution,  when  treated  with  bromine, 
yields  a  mixture  of  stereoisomeric  dibromo- acids. 
Br  Br 

H-C-COOH  H-C-COOH 

H-C-COOH  COOH-C-H 

I  ! 

Br  Br 

Cis'&cid.  Trans-acid. 

The  study  of  the  action  of  alkalis  on  dibromotetramethyleaedi- 
carboxylic  acid  has  yielded  very  unexpected  results,  as,  when  this 
acid  is  treated  with  either  strong  or  weak  bases,  such  as  potash, 
baryta,  silver  oxide,  quinoline,  or  dimethylaniline,  under  various  con- 
ditions, the  principal  product  of  the  action,  and  indeed,  in  most  cases 
the  only  product  which  could  be  isolated,  was  bromodihydrotetrene- 
carboxylic  acid,  the  formation  of  which  may  be  represented  thus 
CHj-CBr-COOH  _  CHo-CBr  , 

CH2-CBr-C00H  ~  CH^-C-COOH  "*"        ^  "*"        " 
That  the  constitution  of  this  new  acid  is  represented  as  above,  and  not 
PTT  '  PIT 
by  the  formula  i      *  i         nr^rkxr'  ^^  I'endered  very  probable  from  an 

3  Y  2 
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examination  of  tlie  properties  of  the  acid.  Its  most  remarkable  pro- 
perty is  its  stability  ;  when,  for  example,  it  is  boiled  for  some  time 
with  strong  potash  (sp.  gr.  1'3),  or  treated  with  silver  oxide,  it  is  not 
decomposed  to  any  extent,  and,  on  acidifying,  the  unchanged  acid 
separates  in  crystals ;  this  fact  can  only  be  explained  on  the  assump- 
tion that  the  bromine-atom  is  attached  to  doubly  bound  carbon:  in 
bromomaleic  acid,  COOH-CHlCBr-COOH,  the  bromine-atom  is  not 
removed  by  boiling  with  baryta  water  (Carius,  Annalen,  149,  264), 
whereas  in  saturated  bromo-acids,  as,  for  example,  in  the  case  of 
bromosuccinic  acid,  COOH'CHz'CHBr-COOH,  the  bromine-atom  is 
readily  eliminated  by  boiling  with  alkalis.  The  tendency  of  dibromo- 
tetramethylenedicarboxylic  acid  to  be  converted  into  bromodihydro- 
tetrenecarboxylic  acid  is  very  remarkable,  this  change  taking  place, 
with  separation  of  iodine,  when  the  aqueous  solution  of  the  dibromo- 
acid  is  warmed  with  pota^ssium  iodide,  a  change  which  it  is  difficult 
to  represent  by  an  equation. 

Bromodihydrotetrenecarboxylic  acid  melts  at  121 — 122°,  and  shows 
all  the  properties  of  an  unsaturated  acid ;  thus,  it  readily  decolorises 
permanganate  solution,  and  combines  with  bromine  to  form  tribromo- 
tetramethylenecarboxylic  acid. 

CHj-CBr  ^  CHa-CBr^ 

III  +  Bro  =11 

CH^-C-COOH  ^       -        CHij-CBr-COOH 

When  silver  oxide  acts  on  an  aqueous  solution  of  dibromotetra- 
methylenedicarboxylic  acid,  bromodihydrotetrenecarboxylic  acid  is 
formed  in  considerable  quantities,  but  the  principal  product  of  the 
action  is  a  thick,  syrupy  acid,  which,  although  it  could  not  be  ob- 
tained quite  pure,  is  obviously  dihydroxytetramethylenedicarboxylic 
acid, 

CH^-CBr-COOH        ,     ^       „^       CH2'C(0H)-C00H      ^.    „ 
II  +  AffoO  +  HoO  =11^       ^  +  2AffBr 

CH^'CBr-COOH^     ""     ^      '         CH,-C(OH)-COOH  ^    ^ 

The  reaction  is  in  fact  very  similar  to  the  formation  of  bromofumaric 
acid  and  tartaric  acid  from  isodibromosuccinic  acid  under  the  same 
conditions. 

CHBr-COOH     .        CBr-COOH        ,  CH(OH)-COOH 
I  arives  1 1  and    i 

CHBr-COOH^        CH  •  COOH  CH(OH)-COOH 

The  behaviour  of  methylic  dibromotetramethylenedicarboxylate 
towards  alkalis  is,  on  the  other  hand,  quite  different  from  that  of  the 
free  acid ;  when  treated  with  alcoholic  potash,  for  example,  a  curious 
action  takes  place ;  since  bromine,  and  not,  as  was  to  be  expected, 
hydrogen  bromide  is  eliminated,  dihydrotetrenedicarboxylic  acid  being 
formed  thus. 
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CH,-CBr-C00CH3  ^  ^„  ^        CH,-C-COOH 
6H..6Br.COOCH3  +  '^^^  =   iH^.y.COOH  +  ^^^  +  '^^^•^^- 
I  have  not  been  able  to  find  a  case  exactly  analogous  to  this,  and 
illustrating  the  unstable  nature  of  the  bromine-atoms  in  this  position, 
but  it  may  be  mentioned  that  dimethylsuccinic  acid 

COOH-  CHCCHa)  •  CH(CH3)  •  COOH, 
which,  in  constitutiou,  closely  resembles  tetraniethylenedicarboxylic 
acid,  when  treated  with  bromine  and  phosphorus,  yields  the  anhy- 

riTT  ,p ,  rjQ 

dride   of    pyrocinchonic   acid  jj         >0;  the  intermediate  di- 

LirLs'iJ'KjU 

bromodimethylsuccinic  acid  which  is  probably  formed,  in  the  first 

instance,  losing  the  two  bromine  atoms  (Zelinsky,  Krapiwin  BericMe, 

22,  653). 

Dihydrotetrenedicarboxylic   acid  is  sparingly  soluble  in  cold  water, 

melts  at  178°,  and  when  heated  at  200°  loses   1  mol.   H2O,  and  is 

,     .  ..     CH^-C-CO^^  .  ,    , 

converted   into   an   anhydride    I         n       _>U,  a  resmoas  substance 

Uxl2'L''UU 

which  could  not  be  obtained  in  a  crystalline  form,  and  which 
dissolves  in  water  with  formation  of  a  crystalline  acid  of  the  same 
empirical  formula  as  dihydrotetrenedicarboxylic  acid,  from  which, 
however,  it  difFers  in  a  very  marked  manner,  notably  in  being  ex- 
cessively soluble  in  water.  Whether  these  two  acids  are  stereoiso- 
raeric  or  whether  a  change  in  the  position  of  the  double  bond  has 
taken  place  during  the  above  treatment,  has  not  yet  been  satisfac- 
torily determined,  owing  to  the  small  amount  of  material  available 
for  investigation. 

The  constitution  of  dihydrotetrenedicarboxylic  acid  is  proved  in 
the  following  way. 

The  methylic  salt  of  this  acid  is  formed  quantitatively  when 
methylic  dibromotetramethylenedicarboxylate  is  digested  in  alcoholic 
solution  with  potassium  iodide,  iodine  being  liberated. 

CH..CBr.C00CH3  ^  CH..C.COOCH3       ^^       ^^^^ 

.     CH2-CBr-COOCH3  CH2-C-COOCH3         " 

It  is  a  beautifully  crystalline  substance  which  melts  at  46°,  and 
when  exposed  to  bromine  vapour  is  reconverted  into  methylic 
dibromotetramethylenedicarboxylate ;  it  must  therefore  have  the 
constitution  represented  above;  dihydrotetrenedicarboxylic  acid 
itself,  on  the  other  hand,  may  be  exposed  to  bromine  vapour  for  some 
days  without  change. 

Amide  of  Tetramethylenecarhoxylic  acid,   •„    JLtt-'^z-w  -.t.--.- - 
This  has  already  been  prepared  by  Freund  and  Gudeman  {Ber.j 
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21,  2694),  but  not  in  a  pure  condition,  as  these  chemists  give  the 
melting  point  138°,  whereas  tlie  pure  amide  melts  at  153°. 

In  preparing  large  quantities  of  this  amide,  the  following  method 
was  generally  employed. 

Pure  tetramethylenecarboxylic  chloride  (10  grams)  prepared  as 
described  in  a  previous  paper  (Trans.,  1891,  59,  41)  is  added  slowly 
through  a  dropping  funnel  to  the  strongest  aqueous  ammonia  (100 
c.c),  the  whole  being  well  cooled  during  the  operation. 

As  each  drop  of  the  chloride  comes  in  contact  with  the  ammonia 
solution,  a  very  vigorous  action  takes  place,  accompanied  by  volumes 
of  white  fumes,  and,  after  about  half  has  been  added,  the  amide 
commences  to  separate  in  glistening  plates  which  ultimately  quite 
fill  the  liquid.  The  crystals  are  collected  by  means  of  the  pump, 
washed  once  or  twice  with  strong  ammonia  solution,  dried  on  a 
porous  plate  in  the  air,  and,  if  necessary,  recrystallised  from  ether, 
in  which  the  substance  is  sparingly  soluble. 

The  amide  is  thus  obtained  in  the  form  of  magnificent,  silky  plates, 
which,  on  analysis,  gave  the  following  results.* 

Theory.  C4H7-CO-NH2.  Found. 

C 60'60  per  cent.  60*75  per  cent. 

H 9-09         „  9-30 

N 14-15         „  14-30 

The  amide  of  tetramethylenecarboxylic  acid  melts  at  152 — 153°, 
and  is  veiy  readily  soluble  in  water  and  alcohol,  but  only  sparingly 
in  ether ;  when  heated,  it  sublimes  in  iridescent  plates,  which  are 
very  like  sublimed  benzoic  acid  in  appearance ;  it  is  volatile  even  at 
100°,  and  cannot  be  dried  in  a  water  oven  without  loss. 

*  Considerable  difficulty  was  experienced  in  determining  the  nitrogen  in  this  sub- 
stance, as,  when  burnt  in  a  stream  of  carbon  dioxide  in  the  manner  usually  adopted, 
the  result  was  always  much  too  high,  in  two  cases  the  analysis  indicating  20  per 
cent,  of  nitrogen. 

Obviously,  during  the  combustion  of  this  amide,  very  stable  gases  (ethylene?)  are 
evolved,  which  pass  away  with  the  nitrogen  into  the  eudiometer,  and,  in  order  to 
obviate  this,  an  experiment  was  made,  in  which  the  tube  was  kept  at  a  bright  retl 
heat  and  the  combustion  conducted  slowly,  but  even  then  the  result  was  2  per  cent, 
too  high;  the  above  nitrogen  determination,  which  gave  correct  numbers,  was 
carried  out  as  follows. 

The  substance  was  digested  with  pure  concentrated  hydrochloric  acid  fcv  five 
minutes,  the  solution  then  mixed  with  water  and  boiled  imtil  the  odour  of 
teti"amethylenecarboxylic  acid  was  imperceptible ;  the  amount  of  ammonium 
chloride  in  the  solution  was  then  determined  as  ammonium  platinochloride  iu  the 
usual  manner. 

In  several  other  cases  it  has  been  noticed  that  closed  chain  compounds  are 
exceedingly  (^ifficiilt  to  analyse,  and  accurate  results  have  only  been  obtained  when 
the  tube  was  kept  very  hot,  and  the  combustion  conducted  throughout  in  a  stream 
of  oxygen. 
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It  is  very  stable,  as  is  illustrated  by  the  fact  that  it  was  not 
entirely  decomposed  even  after  boiling  for  half  an  hour  with  strong 
potash,  some  of  the  unchanged  amide  separating  in  crystals  on 
cooling ;  it  is,  however,  very  readily  hydrolysed  by  boiling  concen- 
trated hydrochloric  acid. 

In  preparing  this  amide  in  the  manner  desci'ibed  above,  a  consider- 
nble  quantity  remains  in  the  ammoniacal  mother  liquors,  but  most  of 
this  may  be  I'ecovered  by  repeated  extraction  with  ether ;  any  loss  of 
valuable  product  is  avoided  by  passing  air  through  the  aqueous  solu- 
tion until  the  bulk  of  the  ammonia  has  been  expelled,  and  then 
hydrolysing  the  dissolved  amide  by  boiling  with  hydrochloric  acid. 
The  regenerated  tetramethylenecarboxylic  acid  can  be  extracted  with 
ether  in  the  usual  manner,  and  used  for  a  subsequent  operation. 

0x12*  OJiia 
TetrametJiyleneamine,   i  i  - 

GH2  *  CH '  NHo 

This  interesting  substance  is  formed  when  the  pure  amide  of 
tetramethylenecarboxylic  acid  is  treated  with  bromine  and  potash, 
according  to  the  well-known  method  devised  by  Hofmann  (Ber.,  15, 
762)  ;  the  details  of  the  preparation  are  as  follows. 

Bromine  (I6"2  grams)  is  weighed  out  into  a  flask  of  about  500  c.c. 
capacity,  and  then  the  pure,  finely-powdered  amide  (10  grams)  is 
added  in  two  or  three  portions  with  constant  shaking,  the  whole 
gradually  dissolving  with  evolution  of  very  little  heat.* 

At  the  end  of  two  hours,  potash  (10  per  cent.)  is  slowly  iadded, 
the  whole  being  well  cooled  during  the  operation ;  after  a  time,  a 
reddish-brown,  crystalline  precipitate  separates.  On  adding  more 
alkali,  very  little  rise  of  temperature  takes  place,  but  the  preci- 
pitate becomes  colourless,  and  doubtless  consists  of  the  bromamide 
of  tetramethylenecarboxylic  acid,  C4H7'CO*NHBr,  On  continuing 
to  add  strong  potash  (about  30 — 35  per  cent.)  in  small  quantities  at 
a  time  with  constant  shaking,  the  bromamide  gradually  passes  into 
•solution ;  as  now  much  heat  is  developed,  the  flask  must  be  cooled  from 
time  to  time  by  plunging  it  into  water ;  when  all  the  crystals  have 
■disappeared,  the  whole  is  distilled  in  a  current  of  steam  until  the  con- 
densed water  is  no  longer  alkaline,  and  the  distillate  is  then  rendered 
slightly  acid  by  the  addition  of  hydrochloric  acid,  and  evaporated  to 
dryness. 

The  residue,  which  consists  of  a  mixture  of  tetramethyleneamine 
hydrochloride  and  ammonium  chloride,  is  exti'acted  with  absolute 
alcohol,  the  extract  fi.ltered  from  undissolved  ammonium  chloride,  eva- 

^  Freund  and  Gudeman  (loc.  cit.),  using  the  impure  amide,  noticed  the  develop* 
inent  of  a  considerable  am  o  ant  of  heat. 
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porated  to  dryness,  and  the  extraction  with  alcohol  repeated.  The  crude 
hydrochloride  obtained  on  evaporating  the  second  extract  is  sufficiently 
pure  for  use  in  the  preparation  of  h^-droxytetramethylene,  (fee. 

In  order  to  isolate  the  base  itself,  the  hydrochloride  is  transferred 
to  a  small  retort,  mixed  with  powdered  potash,  and  distilled,  the 
aqueous  distillate  is  dehydrated  with  potash,  and  the  oily  base 
separated  and  fractioned  ;  almost  the  Avhole  of  it  distils  between  81° 
and  83°,  and,  on  refractionation,  boils  constantly  at  82°. 

On  analysis  the  following  numbers  were  obtained. 

Found. 

Tlieorr.  f " \ 

04119^.  I.  II. 

C 67-60  per  cent.  67-25         67-13  per  cent. 

H 12-67        „  12-60        12-58 

N 19-72         „  19-58  — 

Tetramethyleneamine  boils  at  82°,  and  possesses  a  very  pungent 
basic  odour  somewhat  similar  to  that  of  isoamylamine  ;  it  absorbs 
cai'bon  dioxide  from  the  air,  fumes  strongly  in  contact  with  hydrogen 
chloride,  and  mixes  with  water  with  development  of  heat.  The 
hydrochloride,  041191^,1101,  was  prepared  by  neutralising  an  aqueous 
solution  of  the  base  with  hydrochloric  acid,  and  evaporating  to  dry- 
ness. It  crystallises  from  alcohol,  in  which  it  is  readily  soluble, 
in  long,  striated,  prismatic  needles,  closely  resembling  crystals  of 
ammonium  chloride  in  appearance,  and  very  readily  soluble  in 
water.     The  results  of  analysis  gave 

Theory.  C4H9N,HC1.  Found, 

01 33-02  per  cent.  33*24  per  cent. 

On  adding  platinic  chloride  to  a  strong  solution  of  the  hydix)- 
chloride,  the  platino chloride,  (04H9N)2,H2PtO]6,  is  obtained  as  a  deep, 
yellow,  crystalline  precipitate,  which  dissolves  readily  in  hot  water, 
and  separates  on  cooling  in  groups  of  deep  orange  octahedra.  For 
analysis,  the  salt  was  dried  at  100°. 

Found. 

Theory-  c * ^ 

(C4H9N)oHoPtCl6.  I.  II. 

Pt 34-87  per  cent.  34*79         34-82  per  cent. 

This  salt  is  rather  sparingly  soluble  in  cold  water ;  when  heated  in 
a  capillary  tube,  it  begins  to  darken  at  200°,  and  becomes  quite  black 
at  210—215°. 


Hydroxytetramethylene,   '     '    I 


OH^-OHo. 
CH2-CH-0H* 

The    hydrochloride   of  tetramethyleneamine   reacts   readily   with 
silver  nitrite,  evolving  nitrogen  and  forming  hydroxytetramethylene^^ 
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fortunately  the  reaction  takes  place  with  the  formation  of  traces  only 
of  bye-products,  and  the  yield  of  the  hydroxy-compound  obtained 
is,  therefore,  veiy  good.  The  experiment  was  conducted  as  fol- 
lows : — Crude  tetramethyleneamine  hydrochloride  (20  grams),  which 
had  been  freed  from  amraonium  chloride  by  treatment  with  alcohol, 
as  explained  on  p.  959,  was  dissolved  in  water  (80  cc),  and  to  the 
well-cooled  solution  a  slight  excess  of  freshly  precipitated  silver 
nitrite  (prepared  from  40  grams  of  silver  nitrate),  added  in  smali 
quantities  at  a  time.  Effervescence  soon  began,  and  after  remaining 
for  one  hour  at  the  ordinary  temperature  the  whole  was  heated  on 
a  water  bath  for  a  few  minutes,  until  the  vigorous  evolution  of  gas. 
had  almost  ceased.  The  product  was  then  well  cooled,  mixed  with 
anhydrous  potassium  carbonate,  and  extracted  five  times  with  pure- 
ether  ;  the  ethereal  solution  was  dried  over  anhydrous  potassium 
carbonate,  filtered,  and  the  ether  very  slowly  distilled  off  ;  a  rectifying 
column  being  used  so  as  to  obviate,  as  far  as  possible,  loss  of  the 
hydroxy-derivative  by  evaporation.  The  residual,  almost  colourless, 
oil  (12  grams),  after  twice  fractioning,  boiled  constantly  at  123°,  and. 
gave  the  following  results  on  analysis. 

Fovmd. 

Theory.  ( * >, 

C4H7-OH.  I.  II. 

C ^^'^^Q  per  cent.  66"52         66"41  per  cent. 

H 1111         „  1110         n23 

ITydroxytetramethylene  is  a  colourless  oil,  which  smells  like 
butylic  alcohol ;  it  is  readily  soluble  in  water,  and  dissolves  sodium 
with  evolution  of  hydrogen  and  formation  of  a  white  sodium  com- 
pound. 

Action   of  SydrobroTntc   acid  on  IIydroxytetramethyle7ie.    Formation  of' 

PTT  •r'TT 
Bromotetramethylene,   '        A-o-tj  '  '^'"^  "/  ■"■ '  ^-J^i^'>'0'>nobutane, 

CHa-CHBr-CHs-CHoBr. 

Having  thus  obtained  hydroxytetramethylene,  the  next  point  was 
to  investigate  its  behaviour  v/ith  the  halogen  acids,  in  order,  if 
possible,  to  prepare  halogen  derivatives  of  the  hydrocarbon ;  tlle^ 
first  experiments  instituted  were  with  hydrobromic  acid. 

Hydroxytetramethylene  dissolves  in  fuming  hydrobromic  acid  (satu- 
rated at  about  10°),  with  slight  development  of  heat ;  as,  however,  little 
action  appeared  to  take  place  in  the  cold,  a  large  excess  of  the  acid  w^as 
added,  and  the  whole  heated  to  boiling  in  a  flask,  into  the  neck  of 
w^hich  a  reflux  condenser  had  been  ground.  During  the  operation,  a 
heavy  oil  separated  on  the  surface  of  the  liquid  ;  but  as  the  action 
continued  and  the  hydrobromic  acid  became  weak,  the  oil  sank;  after 
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heating  for  an  honr,  the  product  was  poured  into  water,  the  heavy, 
brownish  oil  extracted  with  ether,  the  ethereal  solution  well  washed 
with  water,  dried  over  calcium  chloride,  and  the  ether  evaporated. 
The  residual  oil  was  then  repeatedly  fractioned,  and  thus  readily 
separated  into  two  fractions,  boiling  at  102 — 104°  and  178 — 174" 
(737  mm.)  respectively;  of  these,  the  latter  was  present  in  by  far  the 
lai-ger  quantity.  The  substance  boiling  at  102—104°  is  evidently 
bromotetramethylene,  as  is  shown  by  the  following  analyses. 

Found. 

Theory.  f * ^ 

C^H^Br.  I.  II. 

C 35'55  per  cent.         35"02  —    per  cent. 

H 519         „  5-06  — 

Br 59-26         „  58-77        58-85 

Bromotetramethylene  is  a  colourless  oil,  which  boils  at  about  104° 
(760  mm.);  it  is  specifically  heavier  than  water,  and  has  an  odour 
which  can  scarcely  be  distinguished  from  that  of  isobutylic  or  iso- 
amylic  bromide. 

The  substance  boiling  at  173 — 174°  (737  mm.)  is  a  very  heavy  oil, 
possessing  in  a  marked  degree  the  odour  of  trimethylene  bromide  ; 
it  gave,  on  analysis,  the  following  numbers. 

Found. 

Theory.  , ' ^ 

C4H8Br2.  I.  II. 

C 22-22  per  cent.  22-00  —    per  cent. 

H 3-71         „  3-70  —      „ 

Br 74,-07         „  74-32         7421     „ 

These  analyses  show  that  this  substance  must  be  a  dibromobutane, 
and  its  formation  proves  that,  under  the  conditions  of  the  expei'iment, 
the  tetramethylene  ring  in  bromotetramethylene  has  been  split, 
addition  of  hydrogen  bromide  simultaneously  taking  place.  As  ex- 
plained in  the  introduction,  this  dibromobutane  is  different  from  any 
of  the  known  isomerides  ;  and  experiment  proved  that  it  is  identical 
with  the  1 :  3-dibromobutane,  which  is  obtained  when  1  :  3-dihydroxy- 
butane,  CH3-CH(OH)'CH3-CH2-OH,  is  treated  with  hydrobromic 
acid  (see  next  section). 

Preparation  of  1  :  3-Dihromohntane,  CH3*CHBr'CH2*CH2Br. 

This  nevv  substance  was  prepared  in  order  to  ascertain  whether  it 
was  identical  with  the  dibromobutane  obtained  by  the  action  of 
hydrobromic  acid  on  hydroxy  tetramethylene,  as  described  in  the  last 
section,  and  the  method  employed  was  briefly  as  follows.* 

*  Comimre  OrndorfP  and  Newbury,  Monatshefte  fur  Chemie,  13,  516. 
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Akleliyde  (200  grams)  was  mixed  with  au  equal  volume  of  water, 
and  then  a  strong  solution  of  potassium  carbonate  (12  grams)  added 
drop  by  drop,  the  whole  being  kept  at  0°  during  the  addition,  which 
extended  over  about  two  hours ;  after  standing  for  two  days  at  the 
ordinary  temperature,  the  mixture  was  neutralised  with  hydrochloric 
acid,  exti-acted  three  times  with  ether,  and  the  ethereal  solution 
evaporated. 

In  order  to  convert  the  residue,  which  consisted  of  crude  aldol  (98 
giums),  into  the  corresponding  1  :  3-dihydroxybutane,  it  was  dissolved 
in  water  (1  litre),  and  reduced  in  flat,  porcelain  basins  with  nearly 
twice  the  calculated  quantity  of  2|-  per  cent,  sodium  amalgam,  the 
solution  being  kept  neutral  by  the  constant  addition  of  small  quanti- 
ties of  dilute  hydrochloric  acid,  a  rapid  stream  of  carbon  dioxide 
being  also  passed  through  the  liquid,  to  prevent  the  accidental  accu- 
mulation of  any  large  quantity  of  alkali  arising  from  rapid  decom- 
position of  the  amalgam. 

l)uring  the  reduction,  a  sticky  substance  separated,  and  the  solu- 
tion also  acquired  a  very  penetrating  and  irritating  odour,  due  pos- 
sibly to  the  formation  of  crotonaldehyde ;  in  order  to  remove  these 
bye-products,  the  solution  was  filtered,  and  extracted  with  a  small 
quantity  of  ether.  The  61trate  was  then  slowly  concentrated  to  about 
250  c.c.  in  a  flask  connected  with  a  long,  rectifying  column,  and  the 
residue  saturated  with  hydrogen  bromide,  without  cooling,  los3  being 
prevented  by  using  a  reflux  apparatus. 

After  24  hours,  the  product  was  diluted  with  twice  its  volume  of 
water,  extracted  five  times  with  ether,  the  ethereal  solution  washed 
with  dilute  sodium  carbonate,  dried  over  calcium  chloride,  and  the 
ether  distilled  off ;  the  residual  dark  brown  oil  was  then  twice  frac- 
tionated, and  yielded  40  grams  of  1  :  3-dibromobutane  boiling  at 
172 — 175°,  of  which  the  greater  portion  passed  over  between  173°  and 
174°.     Analysis — 

Found. 

Theory.  ( » ^ 

C^HsBrs.  I.  II. 

Br 74-07  per  cent.  7352         73-G7  per  cent. 

The  1  :  3-dibromobutane  obtained  in  this  way  boiled  at  the  same 
temperature,  and  showed  all  the  properties  of  the  substance  obtained 
by  treating  hydroxytetramethylene  with  hydrobromic  acid,  so  that 
there  can  be  no  doubt  the  two  products  are  identical. 

I  have  to  thank  Messrs.  G.  H.  Cross  and  J.  N".  Goldsmith,  students 
in  the  Owens  College,  for  help  in  carrying  out  these  e.xperiments. 
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OHj*  0x12 
■^         CHa-CHCl 

This  substance  was  prepared  by  the  action  of  phosphorous  penta- 
chloride  at  moderate  temperatures  on  hydro xytetramethylene,  and  nob 
by  heating  this  hydroxy-derivative  with  hydrochloric  acid,  as  it 
appeared  possible  that,  in  the  latter  case,  the  chlorotetramethylene- 
formed  might  be  further  acted  on  by  the  halogen  acid  with  formation 
cf  dichlorobutane  (see  previous  section). 

Pure  hydroxytetramethylene  (11  grams)  was  placed  in  a  tiask 
fitted  with  a  reflux  condenser,  and  pure  phosphorous  pentachloride 
(35  grams)  gradually  introduced  in  small  portions  at  a  time ;  each 
successive  quantity  being  allowed  to  entirely  disappear  before  any 
more  was  added ;  the  action,  which  is  very  vigorous  and  accom- 
panied by  the  evolution  of  torrents  of  hydrogen  chloride,  was  mod- 
erated by  cooling  the  flask  with  ice-cold  water  ;  at  the  close,  however, 
the  temperature  was  allowed  to  rise  to  60". 

The  product  was  slowly  fractioned,  everything  which  passed  ovei" 
below  105°  being  collected,*  the  distillate  was  agitated  with  water  to^ 
decompose  the  phosphorous  oxychloride  which  it  contained,  and  the 
supernatant  oily  layer  separated,  dried  over  calcium  chloride  and 
fractionated;  almost  the  whole  of  it  (11*5  grams)  passed  over 
between  83°  and  87°. 

After  refractionation,  a  colourless  oil  boiling  constantly  at  85°  and 

specifically  lighter  than  water,  was  obtained.     On  analysis  it  gave  the- 

following  results. 

Theory.  C4H7CI.  Found. 

C    ..,,....      53'10  per  cent.  53*07  per  cent. 

H 7-74        „  7-53 

CI 39-16        „  38-73 

Chlorotetramethylene  possesses  a  not  disagreeable  odour,  veiy 
similar  to  that  of  isoamylic  chloride. 


lodotetramethylene, 


CHs-CHo. 
CH^-CHl' 


In  order  to  prepare  this  substance,  chlorotetramethylene  (8  grams) 
was  heated  with  finely  powdered  potassium  iodide  (18  grams)  and 
methylic  alcohol  (20  c.c.)  in  a  sealed  tube  at  120 — 125°  for  five  hours  ; 
the  product,  which  was  discoloured  by  iodine,  was  mixed  with  water, 
and  the  heavy  oil  which  separated  extracted  with  ether ;  the  ethei^eal 
solution,  washed  with  dilute  sodium  hydrogen  sulphite,  was  dried 
over  calcium  chloride,  evaporated,  and  the  residue  carefully  fractioned. 

•  On  decomposing  tlie  residue  with  Mater,  a  very  small  quantity  of  oil  separates; 
this  was  neglected. 
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It  was  then  found  tliat  the  oil  contained  about  50  per  cent,  of  un- 

•changed  chlorotetramethylene ;  after  this  had  passed  over,  the  ther- 

jnonieter  rose  rapidly  to  180°,  between  which  temperature  and  140" 

tthe   remainder  distilled  as  a  colourless   oil ;    on  refractionation,   it 

boiled  almost  constantly  at  188°,  and  gave  the  following  results  on 

a,nalysis. 

Theory.  C4H;I.  Found. 

C    26*37  per  cent.  26'85  per  cent, 

H 3-85         „  4-05 

I 6978        „  69-22 

lodotetramethylene  is  a  colourless,  heavy  oil,  which  in  its  proper- 
ties shows  the  greatest  resemblance  to  isobutylic  or  isoamylic  iodide ; 
its  odour  can  scarcely  be  distinguished  from  that  of  the  latter, 
:and,  when  exposed  to  light,  it  quickly  turns  brown  owing  to  separa- 
tion of  iodine.  It  is  readily  reduced  by  zinc  dust  and  hydrochloric 
acid  with  formation  of  a  very  volatile  hydrocarbon,  which  is  prob- 
ably tetramethylene  ;  unfortunately  the  amount  of  material  at  my 
•disposal  was  too  small  to  allow  of  the  systematic  examination  of  this 
reaction. 

Actioti  of  Qnlnolhie  on  lodotetramethylene. — This  action  (compare 
Baeyer,  Annalen,  278,  107)  was   investigated  with  the   view  of   ob- 

PH  •  PTT 
taining  the  unsaturated  hydrocarbon  dihydrotetrene,     i         H     ,    as 

0H2*CH 

•explained    in    the    introduction,    but    the    results    were    not   very 

satisfactory. 

lodotetramethylene  (8  grams)  was  mixed  with  pure  quinoline 
•(15  grams)  and  the  whole  heated  in  a  sealed  tube  at  180°  for  two 
hours  ;  the  product  was  then  distilled  from  the  tube,  every  precaution 
being  taken  to  avoid  loss  of  the  volatile  hydrocarbon  by  cooling  the 
•condenser  and  the  receiver  with  a  freezing  mixture. 

In  this  way,  a  small  quantity  of  a  colourless  oil  was  obtained  which 
Ijoiled  between  80"  and  45°,  and  contained  halogen  ;  after  heating  in 
:a  small  sealed  tube  with  sodium  and  refractioning,  the  greater  portion 
distilled  between  38°  and  35°,  but  it  was  not  quite  free  from  halogen. 
This  substance  is  instantly  oxidised  by  potassium  permanganate  and 
•decolorises  bromine  ;  on  analysis  it  gave  numbers  agreeing  only  ap- 
proximately with  the  formula  CiHe,  owing  not  only  to  the  presence 
of  traces  of  halogen,  but  especially  to  the  great  difficulties  attending 
the  analysis  of  a  hydrocarbon  of  this  low  boiling  point. 

^.,         ,,         .1.   7      J.      X       7.        ■:,  CHj-CBr-COOH 
Uioromotetramethylenedtcarooxyhc  acid,    i  i  . 

CHj'CBr'COOH 

This  acid  is  produced  when  the  anhydride  of  tetramethyleno- 
•dicarboxylic   acid    (this   vol.,    581)    is  treated  with   a   large   excess 
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of  bromine  and  aniorphous  phosphorus,  according-  to  the  Hell- 
Volhard-Zelinsky  method. 

Tetramethjlenedicarboxylic  anhydride  (10  grams)  is  ground  up  in 
a  mortar  with  amorphous  phosphorus  (3  grams),  transferred  to  a 
flask,  into  the  neck  of  which  a  condensing  tube  has  been  ground, 
and  dry  bromine  (70  grams)  then  gradually  added,  the  very  vigorous 
action  which  lakes  place  being  moderated  from  time  to  time  by  cool- 
ing with  water.  On  heating  the  mixture  on  a  water  bath,  torrents 
of  hydrogen  bromide  are  evolved  during  the  first  hour;  the  action 
then  slackens  considerably,  and  at  the  end  of  six  hours,  a  second 
quantity  of  phosphorus  (3  grams)  and  bromine  (70  grams)  is  added, 
and  the  heaiing  continued  for  about  15  hours;  air  is  then  blown 
through  the  mass  in  order  to  remove  excess  of  bromine,  and  the  dark- 
coloured  liquid  residue,  which  on  cooling  frequently  deposits  crystals 
of  phosphorus  pentabromide,  is  decomposed  cautiously  by  means  of  ice- 
cold  water.  After  standing  some  time,  the  thick,  dark  brown  product 
is  extracted  with  ether,  the  ethereal  solution,  well  washed  with  water 
containing  a  little  sodium  hydrogen  sulphite,  dried  over  calcium 
chloride,  the  ether  distilled  off,  and  the  residual  oil  fractionated  under 
reduced  pressui-e  (70  mm.). 

The  mass  froths  a  good  deal  at  first,  and  a  considerable  quantity 
of  water  distils  over ;  the  thermometer  then  rises  rapidly,  the  greater- 
portion  distilling  between  185  and  190°  as  an  almost  colourless  oil, 
which  solidifies  in  the  receiver  ;  a  good  deal  of  a  dark  brown  residue- 
is,  however,  left  behind  in  the  distilling  flask. 

The  distillate  is  ground  up  and  digested  with  sufficient  hydrobromie- 
acid  (sp.  gr.  1"49)  to  dissolve  it,  the  solution  filtered  through  glass- 
wool  and  allowed  to  cool  slowly ;  the  mass  of  glistening  crystals 
which  separates  is  collected,  washed  with  hydrobromie  acid,  drained 
on  a  porous  plate,  and  recrystallised  from  the  same  solvent.  The 
purified  substance,  after  drying  first  over  sticks  of  potash  in  a 
vacuum,  and  then  at  100",  gave  the  following  results  on  analysis. 

Found. 

,. * .(  Theory. 

I.  II.  C6H6Br;0,. 

C 2410         24-05  per  cent.  23-84  per  cent. 

H 2-10  2-20        „  1-99 

Br 52-71  —  „  52-98 

"When  rapidly  heated  in  a  capillary  tube,  dibromotetramethylene- 
dicarboxylic  acid  melts  at  about  202 — 205°  with  evolution  of  gas,, 
probably  due  to  the  formation  of  its  anhydride  ;  it  dissolves  readily 
in  alcohol  or  ether,  and  also  in  boiling  hydrobromie  acid,  but  is  only 
sparingly  soluble  in  the  latter  solvent  in  the  cold.     It  is  remarkable- 
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that  it  is  readily  soluble  in  water;  a  strong,  hot  aqueous  solution,  on, 
cooling,  deposits  the  substance  in  beautiful  glistening  plates. 

A  moderately  concentrated  aqueous  solution  of  this  acid  gives,. 
with  silver  nitrate,  a  copious  crystalline  precipitate  of  a  silver  salt, 
which  contains  no  silver  bromide,  as  it  is  completely  dissolved  by 
dilute  nitric  acid.  On  boiling,  however,  decomposition  sets  in  with 
separation  of  silver  bromide  in  abundance. 

1.^   7    7.    ,.7  .         .7    7      J.      X       7        CHo.-CBr-COOCH:, 

MetliyUc  dibroviotetramethi/leneaicarboxylate,  X.^^    X^     ^^^^ 
^  ^  y       '  CHa-CBr-COOCHs 

Considerable  quantities  of  this  methylic  salt  were  necessary  for- 
many  of  the  experiments  described  in  this  paper,  and  in  the  first 
instance  it  was  prepared  from  the  pure  dibromo-acid  by  treating  it 
with  methylic  alcohol  and  hydrogen  chloride  in  the  usual  way;  ulti- 
mately, however,  it  was  found  that  the  best  method  of  preparation 
was  the  following. 

The  crude  product  of  the  action  of  bromine  and  phosphorus  on 
tetramethylenedicarboxylic  anhydride  (from  which  the  excess  of 
bromine  had  been  removed  by  blowing  in  air,  as  described  on  p.  966), 
was  poured  in  a  thin  stream,  and  without  cooling,  into  a  large  excess 
of  methylic  alcohol ;  after  the  vigorous  action  had  subsided,  and  the 
product  cooled  down,  water  was  added,  and  the  methylic  salt  extracted 
twice  with  ether.  The  ethereal  solution  was  well  washed  with  dilute 
sodinm  carbonate,  dried  over  calcium  chloride,  the  ether  evaporated, 
and  the  residual  dark  brown  oil  fractionally  distilled  under  reduced 
pressure  (50  mm.). 

With  the  exception  of  a  small  quantity  of  a  substance  of  low 
boiling  point,  nearly  the  whole  of  the  oil  distilled  between  180°  and 
205°,  undergoing  slight  decomposition  and  evolving  some  hydrogen 
bromide ;  on  redistilling,  two  principal  fractions  were  obtained 
boihng  at  185—195°  and  195—200°  (50  mm.)  respectively.  Both 
of  these,  after  14  days,  deposited  hard,  prismatic  crystals,  which 
were  separated  from  the  oil  by  filtration  through  glass  wool,  left  in 
contact  with  porous  porcelain  until  quite  dry  and  colourless,  ground 
up,  and  then  recrystallised  twice  from  boiling  light  petroleum 
(b.  p.  60 — 70°)  ;  in  this  way  the  methylic  salt  was  obtained  in  magni- 
ficent, colourless  prisms,  which  on  analysis  gave  the  following 
result. 

Theory. 
Found.  C4H4Br2(CObCH:,)o. 

C 29-21  per  cent.  29-09'  per  cent." 

H 3-30         „  3-03 

Br 48-48        „  48-48 

Methylic   dibromotetramethylenedicarboxylate   melts  at   88 — 89°, 
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and  is  readily  soluble  in  alcohol,  cHoi'oform,  benzene,  and  liot,  light 
petroleum,  but  only  sparingly  so  in  the  latter  solvent  in  the  cold. 
It  separates  from  dilute  methylic  alcohol  in  colourless  groups  of 
glistening,  feathery  crystals. 

The  oily  mother  liquor  which  was  separated  from  the  crystals,  as 
explained  above,  was  refractioned,  and  in  this  way  a  further,  though 
small,  quantity  of  crystalline  methylic  salt  was  obtained.  After  sepa- 
rating this,  and  again  refractioning  the  mother  liquor,  no  further 
crystallisation  took  place,  even  after  the  oil  had  been  left  for  months 
in  contact  with  a  crystal  of  the  methylic  salt ;  analyses  of  two  samples 
of  this  oil  boiling  at  190—195°  and  195—200°  (50  mm.)  respectively, 
gave  the  following  results. 

Found. 

^ ^ ^  Theory. 

I.  II.  C4H4Br2(COOCH3)2. 

Br 46-30        4710  per  cent.  4848  per  cent. 

It  is  possible  that  this  product  contains  some  impurity  which 
retards  crystallisation.  As  the  analysis,  however,  seems  to  show  that 
it  can  contain,  at  the  most,  only  traces  of  such  impurity,  and  as  this 
would  hardhr  prevent  the  separation  of  a  substance  characterised, 
like  the  methylic  salt,  by  great  facility  for  crystallising,  it  is  possible 
that  the  liquid  methylic  salt  is  a  stereoisomeride  of  the  crystalline 
salt. 

That  there  is  a  considerable  difference  between  the  solid  and  liquid 
methylic  salt  is  shown  clearly  in  their  behaviour  with  potash  (see 
p.  973). 

Anhydride  of  Dibromotetramethylenedicarhoxylic  acid, 
CHa-CBr-CO^  ^ 
CH^-CBr-CO"^ 

It  has  been  shown  in  a  previous  communication  (this  vol.,  572) 
that  tetramethylenedicarboxylic  acid  [1:2]  exists  in  two  well-defined 
c-i.s--  and  ^ra«s- modifications,  and  it  might  be  supposed  that  its  dibromo- 
derivative  would  show  the  same  behaviour.  In  order  to  investigate 
this  point,  it  was  necessary,  in  the  first  place,  to  prepare  the  anhy- 
dride of  this  acid,  which  was  ultimately  accomplished  in  the  following 
way.  Nearly  pure  dibroraotetramethylenedicarboxylic  acid  (m.  p. 
185 — 190°)  was  distilled  under  a  pressure  of  40  mm.,  when  almost 
the  whole  of  it  passed  over  at  180 — 185°,  and  solidified  on  cooling  to 
a  hard  crystalline  cake ;  this  was  dissolved  in  freshly  distilled  acetic 
anhydride,  the  solution  boiled  for  five  minutes  in  a  reflux  apparatus, 
and  then  placed  over  potash  in  a  vacuum  dessicator.  As  the  excess 
of    acetic    anhydride    evaporated,    beautiful,    colourless,    prismatic 
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crystals  separated ;  these  were  collected,  washed  with  acetic  anhydride, 
and  dried  over  potash  and  sulphuric  acid  in  a  vacuum ;  they  gave 
the  following  result  on  analysis. 

Theory. 
Found.  C6H:4Br203. 

C 25-21  per  cent.  25-31  per  cent. 

H 1-72        „  1-41         „ 

Br 56-43         „  5633 

Dibromotetramethylenedicarboxylic  anhydride  melts  at  103 — 104°, 
and  is  readily  soluble  in  alcohol,  ether,  benzene,  and  boiling  light 
petroleum  (b.  p,  100°),  but  only  sparingly  in  the  latter  in  the 
cold.  In  contact  with  moisture,  it  is  readily  converted  into  the  acid 
from  which  it  was  derived ;  some  of  the  powdered  substance  which 
was  left  exposed  to  the  air  for  a  few  days  had  almost  entirely 
changed,  and  then  melted  at  about  180°.  The  anhydride  dissolves 
readily  in  warm  water,  and  the  solution  on  cooling  deposits  pure 
dibromotetramethylenedicarboxylic  acid  in  glistening  crystals  (m.  p. 
204 — 205°).     This  acid  is  therefore  the  cis-modification. 

In  order  to  determine  whether  the  corresponding  ^ra?is-modification 
existed,  some  of  the  pure  anhydride  was  dissolved  in  warm  hydro- 
bromic  acid  solution  (sp.  gr.  1*49)  and  heated  in  a  sealed  tube  at 
190 — 200°  for  two  hours.  On  cooling,  the  tube  was  found  to  be 
filled  with  glistening  crystals,  very  little  discoloration  and  no 
charring  having  taken  place ;  these  crystals  were  collected  and  re- 
crystallised  from  hydrobromic  acid ;  they  melted  then  at  about  200°, 
and  were  exactly  similar  in  appearance  to  the  original  cis-acid. 

It  appears,  therefore,  that  the  ira«6-modification  of  dibromotetra- 
methylenedicarboxylic  acid  does  not  exist :  unless  indeed  it  is  so 
similar  in  properties  to  the  as  form  that  it  could  only  be  identified  on 
very  prolonged  investigation. 

Action,  of  Alkalis  on  Dibromotetraniethylenedicarhoxylic  acid. 

Bromodihydrotetrenecarboxylic  acid,   i         H   ^^^tt- 

CH2*C*C00II 

As  explained  in  the  introduction,  these  experiments  were  instituted 

PTTT*  •  r'OOTT 
with  the  object  of  obtaining  tetrenedicarboxylic  acid,   i      .*  I    -^  _^^     ; 

bat,  although  the  conditions  were  varied  as  far  as  possible,  this  acid 
could  never  be  isolated ;  the  reaction  proceeded  in  all  cases  in  the 
same  way,  carbon  dioxide  and  hydrogen  bromide  being  eliminated,  and 
bromodihydrotetrenecarboxylic  acid  formed,  thus: 

CHj-CBr-COOH  _  CH^-CBr 

CH^-CBrCOOH  ~  CH^-C-COOH  "^        '  "^  ^^""^ 

VOL.  LXV.  3   Z 
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1.  Tjccperiments  with  Barium  Hydroxide.  —  Pure  dibromotetra- 
methylenedicarboxylic  acid  (about  5  grams)  was  dissolved  in  a  little 
warm  water  and  the  solution  mixed  with  a  large  excess  of  hot,  strong- 
barium  hydroxide ;  this  caused  the  separation  of  a  white,  glistening, 
crystalline  precipitate  which  was  very  sparingly  soluble  even  in 
boiling  water,  and  probably  consisted  of  the  barium  salt  of  the 
dibromo-acid  ;  on  continued  boiling,  however,  this  was  gradually  de- 
composed and  passed  into  solution,  much  hydrogen  bromide  being 
eliminated,  as  was  proved  by  testing  the  solution  with  silver  nitrate. 
After  filtering  from  a  small  quantity  of  insoluble  matter,  carbon 
dioxide  was  passed  through  the  boiling  liquid  to  precipitate  the 
excess  of  baryta,  and  the  whole  filtered  hot;  the  filtrate,  on  being 
evaporated  to  a  small  bulk  and  allowed  to  cool,  deposited  colourless 
crystals  which,  after  recrystallisation  from  water  and  drying  at  100°, 
gave  the  following  results  on  analysis. 

Found. 

f * ^  Theory. 

I.  II.  CioH8Br.P4Ba- 

Ba 28-03         2802  per  cent.  28-02  per  cent. 

Br* 33-01  —  „  32-72 

On  drying  at  100°,  the  air-dry  glistening  crystals  become  opaque 
and  lose  9-77  per  cent,  in  weight,  which  appears  to  show  that  the 
freshly  prepared  salt  has  the  composition,  CioH8Br204Ba  +  SHaO 
(containing  996  per  cent.  H2O).  This  water  of  crystallisation  is 
gradually  given  off,  when  the  crystals  are  left  exposed  over  sulphuric 
acid  in  a  dessicator  for  a  long  time. 

The  barium  salt  is  sparingly  soluble  in  cold,  but  readily  in  hot 

water :  on  adding  hydrochloiic  acid  to  the  hot  solution,  and  allowing 

it   to  cool  slowly,  bromodihydrotetrenecarboxylic  acid  separates  in 

colourless  needles  which,  after  recrystallising  fi-om  water,  gave  the 

following  results  on  analysis. 

Theory, 
round.  C4H4Br-COOH. 

C    34-20  per  cent.  33-90  per  cent. 

H 2-97        „  2-83 

Br 45-23         „  45-18 

The  acid  melts  at  121 — 122°,  and  is  sparingly  soluble  in  cold  water,, 
readily  in  hot  water,  chloroform,  alcohol,  ether,  benzene,  and  hot 
light  petroleum ;  it  is  best  crystallised  from  hot  water  or  light 
petroleum.  That  it  is  an  unsaturated  acid  is  shown  firstly  by  the- 
behaviour  of  the  cold  solution  of  its  sodium  salt  with  a  drop  of 
permanganate,  which  it  instantaneously  decolorises,  and,  secondly,  by 

*  In  order  to  determine  the  bromine  in  this  salt,  it  was  found  necessary  to  heat 
the  substance  with  fuming  nitric  acid  and  silver  nitrate  for  5  hours  at  200 — 220°. 


1 
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its  conversion  into  tribromotetramethylenecarboxylic  acid  wlien 
treated  with  bromine. 

The  bromine-atom  in  bromodihydrotetrenecarboxylic  acid  is  very 
firmly  bound,  and  is  only  very  sIoAvly  eliminated  by  boiling  with 
silver  hydroxide,  potash,  quinoline,  and  other  alkalies ;  the  acid  dis- 
solves also  in  fuming  nitric  acid,  and  the  solution  may  be  warmed 
almost  to  the  boiling  point  without  elimination  of  bromine  ;  ultimately, 
howevei',  vigorous  oxidation  sets  in,  and  the  acid  is  rapidly  decom- 
posed. 

Action  of  Potash  on  Dihromotetramethylenedicarhoxijlic  acid. — If  this 
acid  be  digested  with  excess  of  potash  instead  of  with  baryta,  and 
the  solution  acidified  and  extracted  with  ether,  a  yellow,  semi-solid 
acid  is  obtained  on  evaporating  the  ethereal  solution.  If  left  in  con- 
tact with  porous  porcelain,  this  becomes  quite  hard  and  almost  colour- 
less, and,  after  recrystallisation  from  water  with  the  aid  of  animal 
t;harcoal,  yields  colourless  crystals  of  bromodihydrotetrenecarboxylic 
acid.     It  melted  at  122°,  and  on  analysis  gave  the  following  result. 

Found.  Theory.  CaH^BrO... 

Br 45'32  per  cent.  45'18  per  cent. 

Many  experiments  were  then  made  with  the  object  of  eliminating 
hydrogen  bromide  from  this  monobromo-acid  by  boiling  with  aqueous 
and  alcoholic  solutions  of  potash  of  various  degrees  of  concentration, 

but  mno  case  could  the  desired  tetrenecarboxylic  acid,  '.^^    '  ^^^„, 

^         'ch:C'C00h 

be  isolated. 

Action  of  Quinoline  and  of  Dimethylaniline  on  Dihromotetramethylene- 
dicarhoxylic  Anhydride. — When  this  anhydride  is  gently  heated  with 
quinoline,  a  vigorous  action  sets  in,  and  a  good  deal  of  charring  takes 
place ;  on  examining  the  product,  the  only  crystalline  substance 
which  could  be  isolated  was  found  to  be  bromodihydrotetrenecarb- 
oxylic acid  melting  at  122°,  showing  that  the  quinoline  had  acted 
much  in  the  same  way  as  the  baryta  water  and  the  potash,  1  mol.  of 
hydrogen  bromide  only  being  eliminated. 

A  similar  result  was  obtained  with  dimethylaniline,  but  the  action 
proceeded  much  more  smoothly,  and  with  little  charring  ;  0'5  gram 
of  the  pure  anhydride  was  dissolved  in  10  grams  of  pure  dimethyl- 
aniline, and  the  solution  heated  gently  until  the  vigorous  action  which 
soon  sets  in  had  subsided ;  the  temperature  was  then  raised  to  the 
boiling  point  of  the  liquid  for  a  few  seconds. 

The  product  was  then  digested  with  alcoholic  potash  for  10  minutes, 
the  dimethylaniline  removed  by  distillation  in  steam,  the  alkaline 
solution  filtered,  acidified  and  extracted  with  ether ;  the  residue  left 
on  distilling  the  ether  gave  colourless  needles,  which  when  crystallised 

3  z  2 
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from  water  melted  at  122°,  and  showed  all  the  properties  of  brorao- 
dihydrotetrenecarboxylic  acid. 

Action  of  Silver  Oxide  on  Bibromotetramethylenedicarhoxylic  acid. — 
As  it  was  not  found  possible  to  remove  all  the  bromine  from  this  acid 
by  means  of  baryta  or  potash,  experiments  on  the  action  of  silver 
oxide  were  instituted. 

About  5  grams  of  the  pure  dibromo-acid  was  dissolved  in  half  a 
litre  of  water,  and  freshly  pi^epared  silver  oxide  was  added  in  small 
quantities  to  the  solution  heated  nearly  to  boiling,  until,  after  stand- 
ing for  some  time  and  filtering,  the  solution  was  found  to  contain  a 
considerable  quantity  of  silver  on  testing  it  with  hydrochloric  acid ; 
when  this  point  was  reached  it  was  found  to  be  disadvantageous  to 
warm  any  further,  otherwise  the  organic  silver  salt  present  decom- 
poses with  deposition  of  silver.  A  stream  of  hydrogen  sulphide  was 
then  passed  through  the  warm  filtered  liquid  until  the  whole  of  the 
silver  had  been  precipitated,  and  the  clear  solution  was  evaporated  to 
a  small  bulk  and  allowed  to  stand  over  sulphuric  acid  in  a  vacuum. 
After  two  days,  the  crystalline  precipitate  which  had  separated  was 
collected  and  recrystallised  from  water  ;  it  then  melted  at  122°  and 
consisted   of  bromodihydrotetrenecarboxylic  acid,  as    the  following 

analysis  shows. 

Theory. 
Found.  C4H4Br-COOH. 

Br 45*41  per  cent.  45*18  per  cent. 

The  dark  coloured  filtrate  from  these  crystals  was  digested  with 
carefully  purified  animal  charcoal  and  allowed  to  evaporate  to  dryness 
over  sulphuric  acid  in  a  vacuum,  the  resulting  syrupy  mass  was  then 
rubbed  up  with  a  little  water,  a  few  crystals  which  remained  undis- 
solved removed  by  filtration,  and  the  filtrate  again  allowed  to  evapo- 
rate, the  ti'eatment  with  cold  water  being  repeated  until  the  solution 
contained  only  traces  of  bromine. 

The  pale  yellow  syrup  ultimately  obtained  on  evaporation  showed 
no  signs  of  crystallising  even  after  standing  in  a  dessicator  for  a 
fortnight ;  when  heated  at  100°,  it  lost  wate:*  and  yielded  a  brittle, 
transparent  resin  which  on  analysis  gave  the  following  results. 

V       A  Tlieory. 

^".     *  CH2C(0H)-C00H 


I.  II.  CH2C(0H)C00H  • 

C 40*41         40*46  per  cent.         40*91  per  cent. 

H 4*34  4*51         „  4*55 

As  these  analyses  were  carried  out  with  the  product  from  two  dis- 
tinct experiments,  it  seems  probable  that  this  substance  is  slightly 
impure  dihydroxytetramethylenedicarboxylic  acid,  the  formation  of 
-which  was  to  be  expected  from  the  conditions  of  the  experiment  : 
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and  the  beliaviour  of  the  acid  favours  this  view.  When  heated,  it 
readily  chars,  giving  off  a  strong  smell  of  burnt  sugar ;  sulphuric 
acid  also  quickly  chars  the  acid  Avhen  the  naixture  is  gently  warmed  ; 
the  acid  is  very  readily  soluble  in  water  and  reduces  ammoniacal 
silver  solution  rapidly  at  80 — 100°,  in  these  respects  behaving  very 
like  tartaric  acid.  On  the  other  hand,  it  does  not  appear  to  form  a 
sparingly  soluble  potassium  salt. 

Action  of  Potash  on  liquid  Methylic  Dihroniotetramethylenedicar- 
hoxylate. — A  quantity  of  this  substance  which  boiled  constantly  at 
190 — 195°  (50  mm.)  was  digested  with  alcoholic  potash,  the  product 
diluted  with  water,  evaporated  till  free  from  alcohol,  acidified  and 
extracted  with  ether.  The  residue  left  on  distilling  off  the  ether, 
when  repeatedly  recrystallised  from  water  with  the  aid  of  animal 
charcoal,  yielded  considerable  quantities  of  bromodihydrotetrenecar- 
boxylic  acid,  also  a  mixture  of  acids  melting  about  150°,  which  were 
not  further  investigated,  and  traces  only  of  dihydrotetrendicarboxylic 
acid.  This  difference  in  the  behaviour  of  the  liquid  and  solid 
methylic  salt  towards  potash  is  remarkable,  and  shows  that  there 
must  be  a  considerable  difference  in  their  constitutions. 

PIT  'PTiT* 

afii-Tribromotetramethylenecarbozylic  acid,  i         i         r^r\r\Tj' 

GHa'CBr'COOH 

A  solution  of  bromodihydrotetrenecarboxylic  acid  in  chloroform  is 
only  very  slowly  attached  by  bromine.  Addition,  however,  readily 
takes  place  if  the  finely  divided  acid  is  left  under  a  bell-jar  in  contact 
with  dry*  bromine  vapour,  the  reaction  proceeding  quantitatively  as 
is  shown  by  the  following  experiment. 

0*1074  gram  of  substance  left  in  contact  with  dry  bromine  vapour 
during  24  hours  yielded  a  red  liquid,  which,  after  standing  over 
potash  in  a  vacuum  dessicator  until  the  excess  of  bromine  had 
evaporated,  became  quite  hard  and  almost  colourless,  and  weighed 
0'2044  gram,  an  increase  of  0'0970  gram.  On  the  assumption  that 
addition  takes  place  according  to  the  equation 

CHa-CBr  ^  CHo-CBr^ 

ill  +  Br,  =    I     "    I 

CH^-C-COOH  ^       '        CH^-CBr-COOH 

the  increase  should  have  been  0*0971  gram.  The  product  was 
analysed  by  heating  it  with  fuming  nitric  acid  and  silver  nitrate  at 
210°  for  5  hours,  and  gave  the  following  results  agreeing  with  the 
formula  of  tribromotetramethylenecarboxylic  acid 


*  If  the  bromine  vapour  be  moist,  oxidation  sets  in,  and  an  uninviting  sticky 
substance  is  formed. 


974  W.   H.  PERKIX,   JUN.  : 

Theory. 
Found.  C4H4Br3-COOH. 

Bi* 7096  per  cent.  71 '21  per  cent. 

Tribromotetrametliylenecarboxylic  acid  is  readily  soluble  in  benzene 
and  alcohol,  sparingly  in  water  and  light  petroleum ;  but  attempts 
to  recrystallise  the  substance  were  unsuccessful,  as  it  readily  decom- 
poses when  warmed  with  solvents. 

CH^-C-COOCHa 

Methylic  dihydrotetrenedicarhoxylate,    i         ii  ^^^^^r- 

0x12  ■  O  ■  OUUOHs 

This  beautiful  substance  is  formed  when  methylic  dibromotetra- 
methylenedicarboxylate  is  digested  in  alcoholic  solution  with  potas- 
sium iodide,  thus 

CH..CBr.C00CH3  ^  CH..C.COOCH3 

CHa-CBr-COOCHa  ^  CH^-C-COOCHs  ^  ^    ' 

Pure  methylic  dibromotetramethylenedicarboxylate  (2  grams)  is 
dissolved  in  absohite  alcohol  (20  c.c.)  finely  powdered  potassium 
iodide  (4  grams)  added,  and  the  mixture  heated  to  boiling  in  a  flask 
connected  with  a  reflux  apparatus ;  the  solution  very  soon  begins  to 
darken  in  colour  owing  to  the  separation  of  iodine,  and  after  boiling 
for  2  hours  the  decomposition  is  complete.  In  order  to  isolate  the 
product  of  the  action,  water  is  added,  the  dark  oily  mass  extracted 
four  times  with  ether,  the  ethereal  solution  washed  with  dilute 
sodium  hydrogen  sulphite  until  colourless,  and  then  with  water; 
after  drying  over  calcium  chloride,  and  evaporating,  a  thick  colour- 
less oil  is  obtained,  which,  on  cooling,  solidifies  to  a  mass  of  crystals. 

The  crystalline  mass  after  being  left  in  contact  with  porous 
porcelain  until  quite  free  from  oily  mother  liquor,  was  recrystallised 
twice  from  light  petroleum  (b.  p.  50 — 60°),  when  magnificent  glisten- 
ing crystals  were  obtained.  On  analysis,  these  gave  the  following 
results. 

Found. 


Theory. 


I.  II.  C4H4(COOCH3)2. 

C 56'14         56'21  per  cent.         56*47  per  cent. 

H 5-93  5-95         „  6-88 

Methylic  dihydrotetrenedicarboxylate  melts  at  44 — 46°  and  is  readily 
soluble  in  methylic  or  ethylic  alcohols,  ether,  benzene,  and  hot  light 
petroleum,  but  only  sparingly  in  the  latter  solvent  in  the  cold ;  it 
crystallises  from  most  solvents  with  great  facility. 

A  small  quantity  of  the  finely  powdered  substance  was  exposed 
under  a  bell  glass  to  the  vapour  of  dry  bromine  for  15  hours;  after 
removal  of  the  excess  of  bromine  over  potash  in  a  vacuum,  a  colour- 
less mass  was  left  which  crystallised  in  needles  melting  at  84 — 86°, 
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and.  showed  all  the  properties  of  methylic  dibromotetramethylene- 
dicarboxylate ;  it  was  doubtless  identical  with  the  latter,  but  no 
analysis  of  the  product  could  be  made  owing  to  the  small  amount  of 
.substance  available. 

^.,    ,  ,.,,...    CHj-C-COOH 

Jjihydrotetrenedicarboxylic  acid,    '         n  . 

In  order  to  prepare  this  acid,  the  pure  methylic  salt  was  digested 
for  10  minutes  with  an  excess  of  alcoholic  potash,  the  solution  of  the 
potassium  salt  mixed  with  water,  evaporated  until  free  from  alcohol, 
acidified  and  extracted  at  least  10  times  with  ether ;  the  ethereal 
solution  was  then  dried  by  calcium  chloride,  evaporated,  and  the 
residual  almost  colourless    acid    purified   by  recrystallisation   from 

water.     Analysis 

Found. 

!■ " >)  Theory. 

I.                 II.  C4H4(COOH)2. 

C 50"49         50'60  per  cent.  50-70  per  cent. 

H 4-15           4-25         „  4-23       „ 

Dihydrotetrenedicarboxylic  acid  crystallises  from  water  in  colour- 
less needles  which  melt  and  decompose  at  about  178°  forming  the 
anhydride.  It  is  readily  soluble  in  hot  water  and  alcohol,  sparingly 
in  cold  water,  benzene,  or  ether,  and  almost  insoluble  in  light  petro- 
leum. It  dissolves  readily  in  dilute  sodium  carbonate,  and  the  solution 
decolorises  permanganate  very  rapidly,  a  proof  that  the  acid  is  un- 
saturated. 

When  exposed  to  dry  bromine  vapour,  it  is  either  not  acted  on  at 
all  or  action  takes  place  with  extreme  slowness,  which  is  rather 
remarkable  as  the  methylic  salt  under  the  same  conditions  is  readily 
converted  into  methylic  dibromotetramethylenedicarboxylate.  If  a 
little  of  the  acid  be  carefully  heated  in  a  test  tube,  water  is  given  off 
at  first,  and  the  residue  then  rapidly  decomposes,  a  carbonaceous 
mass  being  left :  in  this  respect  the  acid  differs  widely  from  com- 
pounds of  analogous  constitution,  such  as  fumaric  acid  or  pyro- 
cinchonic  anhydride  which  distil  without  decomposition. 

Silver  Salt  CiH4(COOAg)2. — This  salt  is  obtained  as  a  white 
amorphous  precipitate  on  adding  a  large  excess  of  silver  nitrate 
to  a  warm,  slightly  alkaline,  solution  of  the  ammonium  salt ;  it  was 
collected,  washed  with  warm  water,  dried  over  sulphuric  acid  in  a 
vacuum  and  then  at  100°,  and  analysed  with  the  following  result. 

Theory. 
Found.  CsKjAgjO^. 

C 20-22  per  cent.  2022  per  cent. 

H 0-95        „  1-12 

Ag    60-.32        „  GO-67 
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This  silrer  salt  is  very  sparingly  soluble  in  water ;  when  heated  it 
decomposes  all  at  once,  yielding  a  very  voluminous  mass  of  silver,  for 
which  reason  the  above  silver  determination  had  to  be  carried  out  in 
the  wet  way. 

Hydrogen  Silver  Salt,  COOH-CiHi- COOAg.— The  warm  mother 
liquors  from  the  above  salt,  after  two  days,  deposited  magnificent, 
glistening  needles  of  the  hydrogen  silver  salt ;  these  were  collected, 
washed  with  water,  dried  over  sulphuric  acid  in  a  vacuum  and  then 
at  100°,  and  analysed. 

Found.  Theory. 


I.  II. 

Ag    ....      42-94         43'12  per  cent.         43'35  per  cent. 

It  is  remarkable  that  the  corresponding  dihydropentenedicarb- 
oxylic  acid  (p.  983)  should  give  a  similarly  constituted  hydrogen  silver 
salt,  and  that  both  salts,  when  they  have  once  crystallised,  should  be 
so  sparingly  soluble  in  water. 

Dihydrotetrenedicarboxylic  acid  is  also  produced  when  methylic 
dibromotetramethylenedicarboxylate  (p.  967)  is  treated  with  alcoholic 
potash,  the  action  in  this  case  being  quite  different  from  that  Avhich 
takes  place  when  dibromotetramethylenedicarboxylic  acid  itself  is 
heated  with  alkalis. 

The  pure  methylic  salt  (5  grams)  was  dissolved  in  a  little  boiling 
alcohol,  and  a  strong  solution  of  potash  (7  grams)  in  alcohol  gradually 
added  ;  a  vigorous  action  took  place,  and  in  a  short  time  the  whole 
soliditi.ed  to  a  crystalline  mass. 

On  subsequently  warming  on  a  water  bath,  most  of  the  crystals 
gradually  disappeared,  and  the  colour  of  the  liquid  changed  to  dark 
brown ;  after  two  hours'  digestion  in  a  reflux  apparatus,  water  was 
added,  the  solution  evaporated  until  free  from  alcohol,  filtered, 
acidified,  and  extracted  10  times  with  ether ;  the  ethereal  solution 
was  then  dried  over  calcium  chloride,  filtered,  and  the  ether  slowly 
distilled  off.  During  the  distillation,  and  after  the  bulk  of  the  ether 
had  distilled  over,  crystals  separated ;  these  were  collected,  washed 
with  a  little  ether  to  remove  the  dark-coloured  mother  liquor,  and 
purified  by  recrystallisation  from  water  with  the  aid  of  animal  char- 
coal. The  colourless  crystals  thus  obtained  melted  at  178°,  and  con- 
sisted of  pure  dihydrotetrenedicarboxylic  acid,  as  the  following- 
analysis  shows. 

Theory. 
Found.  C4H4(CObH)2. 

C o0"35  per  cent.  50*70  per  cent. 

H 4-31        „  4-23 
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This  reaction  does  not  aft'ord  a  convenient  means  of  preparing  this 
acid,  as  the  yield  is  not  good,  and  the  product  is  much  more  difficult 
to  purify  than  that  obtained  from  the  pure  methylic  salt,  as  previously 
explained  (p.  975). 

CH2-C-C0.    „ 
Dihydrotefrenedicarboxyltc  Anhydride,   I       .M.pn^ 

In  the  first  experiments  made  with  the  object  of  preparing  this 
anhydride,  the  pure  acid  was  digested  with  acetyl  chloride  and  with 
acetic  anhydride  for  one  hour  ;  endeavours  to  purify  the  dark-coloured 
product  by  distillation  under  reduced  pressure  (20  mm.)  were  fruit- 
less, because  as  soon  as  the  excess  of  acetic  anhydride  or  acetyl 
chloride  had  passed  over  and  the  temperature  rose  above  150°,  rapid 
decomposition  set  in,  and  the  whole  mass  became  quite  black.  IVhen, 
however,  the  pure  acid  was  heated  in  a  test  tube  at  190 — 200°,  vigo- 
rous effervescence  took  place,  water  was  eliminated,  and  the  action  was 
complete  in  five  minutes ;  the  product,  which  on  cooling  set  to  a 
hard,  transparent  resin,  was  analysed,  two  distinct  preparations 
giving  the  following  numbers. 


Found. 


C 
H 


'l. 

II. 

Theory. 
C4H4C;03. 

57-47 

57*55  per  cent. 

58-06  per  cent. 

3-29 

3-27       „ 

3-23        „ 

This  substance  is  obviously  the  anhydride  of  dihydrotetrenedicarb- 
oxylic  acid.  It  is  a  resinous  substance,  which  melts  in  the  steam 
oven,  and  could  not  be  obtained  in  a  crystalline  form;  when  boiled 
with  water,  it  melts  and  gradually  dissolves,  forming  a  clear  solution, 
and  this,  if  allowed  to  evaporate  over  sulphuric  acid  in  a  vacuum 
leaves  a  syrupy  residue  which,  on  long  standing,  deposits  crystals. 

In  contact  with  porous  porcelain,  these  crystals  losd  the  adherent, 
syrupy  mother  liquor,  and  become  quiie  colourless,  but  all  attempts 
to  recrystallise  the  substance  failed  ;  two  distinct  preparations  were 
dried  at  100°,  and  analysed  with  the  following  results. 

Found. 


Theory. 


I.  II.  C4H4(COOH)a. 

C 50-63         50-59  per  cent.         50-70  per  cent. 

H 4-10  4-25        „  4-23 

This  acid  is,  therefore,  isomeric  with  dihydrotetrenedicarboxylic 
acid  (m.  p.  178°),  and  it  differs  from  this  in  a  most  marked  manner; 
it  is,  for  example,  excessively  soluble  in  water  and  ether,  and 
cannot  be  recrystallised,  whereas  the  acid  of  melting  point  178° 
is  sparingly  soluble  in  these  solvents,  and  is  remarkable  for  the  great 
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facility  with  which  it  crystallises.  Unfortunately  the  small  quantity 
•of  material  at  my  disposal  made  it  impossible  for  me  to  further 
dnvestigate  this  substance. 

Action  of  Potassium  Iodide  on  Dibromotetramethylenedicarhoxylic  acid. 
ForTnation  of  Bromodihydrotetrenecarboxylic  acid. 

The  formation  of  methylic  dihydrotetrenedicarboxylate  by  the 
action  of  potassium  iodide  on  methylic  dibromotetramethylenedicarb- 
•oxylate  made  it  interesting  to  determine  whether  dihydrotetrenedi- 
carboxylic  acid  itself  might  be  produced  by  treating  the  dibromo- 
acid  with  potassium  iodide. 

The  pure  dibi-omo-acid  (2  grams)  was  mixed  with  a  strong  solu- 
•tion  of  potassium  iodide  (10  grams)  and  allowed  to  stand,  when  it 
was  noticed  that  even  in  the  cold  the  solution  gi'adually  acquired  a 
j^ellow  tint,  due  to  liberation  of  iodine ;  at  100°,  in  a  sealed  tube, 
decomposition  took  place  rapidly,  and  after  two  hours  the  liquid  had 
become  dark  brown.  On  allowing  the  tube  to  remain  over  night  in  a 
cool  place,  crystals  were  deposited,  and  when  the  tube  was  opened  a 
slight  pressure  was  noticeable,  due  to  carbon  dioxide.  The  crystals 
were  collected,  washed  with  water,  and  recrystallised  several  times 
from  this  solvent,  when  they  became  colourless.  The  substance 
melted  at  122°,  and,  on  analysis,  was  found  to  consist  of  bromodi- 
hydrotetrenecarboxylic acid. 

Found.  Theory. 

Br 44*95  per  cent.  4o'18  per  cent. 

It  is  i-emarkable  that  there  should  be  such  a  difference  between  the 
behaviour  of  dibromotetramethylenedicarboxylic  acid  and  that  of 
its  methylic  salt,  when  treated  with  potassium  iodide. 

The  Owens  College, 
Manchester. 


LXXVIII. — 1  :  '1-Pentamethylenedicarboxylic  Acid. 
By  E.  Ha  WORTH,  B.Sc,  and  W.  H.  Perkin,  jun. 

The  anhydride  of  ots-pentamethylenedicarboxylic  acid  behaves 
towards  bromine,  in  the  presence  of  phosphorus,  in  a  manner  similar 
to  the  anhydride  of  cis-tetraraethylenedicarboxylic  acid  (see  preceding 
paper),  the  pi-incipal  product  of  the  action  being  dibromopentamethyl- 
■enedicarhoxylic  acid, 

^„      CH2-CH-C00H       ^^„  ^^_      CH,-CBr-COOH 

^^^^CH,-CH.COOH  +  ^^'''  -  ^^^'"^CH.-CBr-COOH  + 

2HBr. 
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but  the  yield  of  this  acid  is  comparatively  small,  as  much  carbon- 
aceous matter  is  produced  during  the  bromination  and  during  the 
subsequent  purification  of  the  substance  by  recrystallisation  from 
hydrobromic  acid. 

This  tendency  to  decompose  into  carbon  and  hydrogen  bromide, 
when  heated  with  bromine,  has  been  previously  observed  in  the  case 
of  pentamethylenedicarboxylic  acid  (Trans.,  1887,  51,  247),  and  may 
possibly  be  characteristic  of  pentamethylene  derivatives ;  in  the  ex- 
periment referred  to  here,  the  pure  bibasic  acid  was  heated  with 
bromine  water  at  180°  for  four  hours,  at  the  end  of  which  time  it  had 
completely  decomposed  into  carbon  and  hydrogen  bromide. 

Dihromopentamethylenedicarboxylic  acid  is  a  colourless,  crystalline 
substance,  which  melts  at  183 — 184° ;  it  cannot  be  distilled,  and  all 
attempts  to  obtain  an  anhydride  with  the  aid  of  acetyl  chloride,  &c., 
failed,  owing  to  the  instability  of  the  acid ;  when  treated  with  alkalis, 
it  is  readily  decomposed  with  formation  of  bromodihydropentenecarb- 
oxylic  acid,  thus — 

CH.-CBr.COOH  _  CHa-CBr 

^^^<CH,.CBr.COOH  "  ^^^<CH..C.COOH  +  ^^^  +  ^^^' 

just  as  under  similar  conditions  dibromotetramethylenedicarboxylic 
acid  yields  bromodihydrotetrenecarboxylic  acid. 

This  new  acid  crystallises  from  water  in  needles,  melts  at  about 
130°,  and,  in  contact  with  bromine  vapour,  is  rapidly  converted  into 

tribromope7itamethyleneoarboxylic  acid, 

^^^<CH,.C.COOH  +  ^'^  -  ^^^<CH.-CBr.COOH  * 

Dihydropentenedicarboxylic  acid  is  produced  when  methylic  di- 
bromopentamethylenedicarboxylate  is  digested  with  potassium  iodide 
in  alcoholic  solution,  and  the  product  hydrolysed  with  potash. 

CH..CBr.C00CH3      .kI-CH  ^^H.-C-COOCHa 
'^CH^-CBr-COOCHs  "^  '^CH^-C-COOCHa 

-1-  I2  +  2KBr. 

•^CHs-C-COOCHs^       '  '^CH^-C-COOH 

2CH3-OH. 

It  crystallises  in  colourless  prisms,  melts  at  178",  and  is  much  less 
readily  converted  into  an  anhydride  than  the  corresponding  dihydro- 
tetrenedicarboxylic  acid,  from  which  it  also  differs  in  that  it  is 
converted  by  contact  with  bromine  vapour  into  dibromopenta- 
methylenedicarboxylic  acid,  whereas  under  these  circumstances  the 
tetrene  acid  remains  unchanared. 


980  E.   HAWORTH  AND   W.   H.   PERKIN,   JUN.  : 

Experiments  are  also  described  in  this  paper,  made  with  the  object 
of  preparing  the  anhydride  of  iraws-pentaraethylenedicarboxylic  acid  ;; 
as  this  anhydride  should,  according  to  Baeyer's  views  {Aimalen,  257,. 
179),  be  capable  of  existence,  and  should,  indeed,  be  as  readily- 
produced  as  the  anhydride  of  iv-aws-hexahydrophthalic  acid.  As,, 
however,  /?-a?^s-pentamethylenedicarboxylic  acid  is  not  appreciably 
acted  on  by  acetyl  chloride  at  100°  (this  vol.,  587),  and  at  140° 
yields  the  anhydride  of  the  as-acid,  results  which  Baeyer  was  kind 
enough  to  confirm,  it  seemed  unlikely  that  the  ^ra«s-anhydride  could 
be  isolated  even  if  it  existed. 

However,  at  Baeyer's  suggestion,  we  systematically  studied  the 
action  of  aceiic  anhydride  on  the  pure  ^raws-acid,  and  as  the  result  of 
a  large  number  of  experiments  we  find  that  the  almost  pure  trans- 
anhydride  is  formed  when  the  acid  is  digested  with  acetic  anhydride 
for  25  minutes  and  the  excess  of  acetic  anhydride  removed  by 
passing  a  current  of  dry  air  through  the  product  heated  at  120° 
under  20  mm.  pressure  ;  it  is  an  oil  which  contains  traces  of  the- 
anhydride  of  the  cis-acid,  into  which  it  is  completely  converted  by 
distillation. 

The  analogy  between  the  dimethylsuccinic  acids,  the  hexahydro- 
phtbalic  acids,  and  the  pentamethylenedicarboxylic  acids  is  now  com- 
plete, the  only  remarkable  point  being  that  whereas  the  anhydrides 
of  the  ^raws-modifications  of  the  two  first-named  acids  are  so  easily 
formed,  ^r««s-pentamethylenedicarboxylic  acid  can  only  be  converted 
into  its  anhydride  with  considerable  difficulty. 

^  ,      CH.,-CBr-COOH 
UibromojpentamethylenedicarboxyUc  acid,  CHj-^  '       .mnw' 

In  order  to  prepare  this  substance,  a's-pentamethylenedicarboxylie 
anhydride  (10  grams)  was  mixed  with  amorphous  phosphorus  (2 
grams),  dry  bromine  (60  grams)  gradually  added,  with  constant 
cooling,  and  ihe  whole  heated  in  a  reflux  apparatus  for  six  hours  to 
boiling  ;  torrents  of  hydrogen  bromide  were  given  off,  and  the  action 
appeared  to  proceed  in  much  the  same  way  as  in  the  case  of  the 
formation  of  dibromotetramethylenedicarboxylic  acid  (p.  966).  A 
further  quantity  of  bromine  (30  grams)  and  amorphous  phosphorous 
(1  gram)  was  then  added,  and  the  heating  continued  for  six  hours, 
longer  ;  the  product,  after  being  freed  from  excess  of  bromine  by 
blowing  in  air,  was  poured  into  a  large  quantity  of  water,  care  being 
taken  to  keep  the  temperature  below  30°  by  cooling  with  water. 
After  about  an  hour,  the  heavy  oil  was  extracted  with  ether,  the 
ethereal  solution  filtered  from  a  considerable  quantity  of  carbonaceous 
matter,  washed  with  a  little  dilute  sodium  hydrogen  sulphite  solu- 
tion to  remove  the  last  traces  of  bromine,  dried  by  calcium  chloride. 
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•evaporated,  and  the  dark-coloured,  oily  residue  allowed  to  stand  over 
:sulpliuric  acid  in  a  vacuum  for  about  a  week.  At  the  end  of  that 
time,  the  thick,  prismatic  crystals  which  had  separated  were  freed  as 
far  as  possible  from  the  dark,  oily,  mother  liquor  by  decantation, 
allowed  to  remain  in  contact  with  porous  porcelain  until  quite  colour- 
less, ground  up,  and  recrystallised  twice  from  fuming  hydrobromic 
acid. 

In  this  way,  colourless,  glistening  crystals  were  obtained,  which, 
after  drying  al  100°,  gave  the  following  results  on  analysis. 

Found. 

, '' ^  Theory. 

I.  II.  CiHsBi-aCCOOH).,. 

C 26-71         27-24  per  cent.  26-58  per  cent. 

H 2-84  2-95       ,,  2-53 

Br 50-21         49-69       „  50-63 

Dibromopentamethylenedicarboxylic  acid  melts  at  183 — 184°  with 
•evolution  of  gas ;  it  is  readily  soluble  in  warm  water,  alcohol,  and 
■ether,  and  in  hot  concentrated  hydrochloric  or  hydrobromic  acids,  but 
•only  sparingly  in  the  cold  acids.  In  general  properties,  it  resembles 
the  corresponding  dibromotetramethylenedicarboxylic  acid,  except 
that  it  is  less  stable  and  very  readily  carbonises  when  treated  with 
reagents  or  when  heated ;  thus,  for  example,  all  attempts  to  prepare 
its  anhydride  by  distillation  under  diminished  pressure  failed,  owing 
to  the  acid  decomposing  into  a  carbonaceous  mass  with  evolution  of 
hydrogen  bromide  in  abundance.  When  heated  with  acetic  anhydride 
in  a  reflux  apparatus,  the  solution  rapidly  darkened  and  ultimately 
became  almost  black,  hydrogen  bromide  being  evolved  ;  on  distilling 
the  product  under  reduced  pressure  (20  mm.)  decomposition  set  in 
us  soon  as  the  acetic  anhydride  had  passed  over ;  many  other  experi- 
ments were  made  with  the  object  of  preparing  the  anhydride,  bab  in 
no  case  could  a  crystalline  compound  be  isolated. 

CHj-CBr 

Bromodihydropentenecarhoxylic  acid,  CH2'<^„„    •}  p,/-v--.tt* 

This  is  formed  when  alcoholic  potash  acts  on  dibromopenta- 
methylenedicarboxylic  acid.  The  pure  dibromo-acid  (5  grams)  was 
added  in  small  quantities  at  a  time  to  a  strong  boiling  solution  of 
pure  potash  (10  grams)  in  ethylic  alcohol  ;  a  vigorous  action  set  in, 
potassium  bromide  separated,  and  at  the  same  time  the  mass  became 
dark  coloured.  After  boiling  for  a  few  minutes,  using  a  reflux  con- 
denser, water  was  added,  the  dark  brown  solution,  filtered  from  small 
quantities  of  carbonaceous  matter,  was  acidified,  and  extracted  five 
times  with  ether  ;  the  ethereal  solution,  after  being  washed  well  with 
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water,  and  dried  over  calcium  chloride,  "was  evaporated,  and  the  crys- 
talline residue  left  in  contact  w^ith  porous  porcelain  for  some  hoars 
until  free  from  oily  mother  liquor.  The  crude  residual  substance  was 
then  purified  by  repeated  recrystallisation  from  water  with  the  aid  of 
animal  charcoal,  and  the  colourless  crystals  analysed. 

Found. 

f ^ -^  Theory. 

I.                 II.  CaHgBrCOOH. 

C 38-15         3802  per  cent.  37-69  per  cent. 

H 4-08           3-94        „  3-66 

Br 42-13         42-01         „  41-88 

Bromodihydropentenecarboxylic  acid  melts  at  about  130°,  but  softens 
a  few  degrees  lower,  and,  when  strongly  heated,  distils  without 
leaving  any  residue  and  apparently  without  undergoing  decomposi- 
tion ;  it  is  readily  soluble  in  alcohol,  ether,  benzene,  chloroform,, 
formic  acid,  and  hot  water  or  light  petroleum,  but  only  sparingly  in 
the  two  latter  solvents  in  the  cold ;  it  crystallises  best  from  hot 
water. 

The  solution  of  the  acid  in  dilute  sodium  carbonate  decolorises 
permanganate  rapidly, 

Bromodihydropentenecarboxylic  acid  is  apparently  not  the  oxAj 
product  of  the  action  of  alcoholic  potash  on  dibroraopentamethylene- 
dicarboxylic  acid,  but  the  other  substance  or  substances  present  in 
the  mother  liquor  of  this  acid  could  not  be  isolated  in  quantity  suffi- 
cient for  analysis. 

OL^i'Trihromojperda'methylenecarloxylic  acid,  CH2<^  '        nnnxr* 

This  acid  is  formed  quantitatively  when  bromodihydropentene- 
carboxylic acid  is  exposed  to  the  action  of  bromine  vapour. 

PH  /CH3-CBr  ,    -R,   _  pH  ^CH,.CBr3 

^^^<CH,.C-COOH  +  ^''-  -  ^^^<CH,.CBr.COOH- 

0-5546  gram  of  pure  bromodihydropentenecarboxylic  acid  left  in: 
contact  with  dry  bromine  vapour  for  24  hours,  and  then  freed  from 
excess  of  bromine  by  exposure  over  potash  in  a  vacuum,  had  gained 
0-481  gram  in  weight,  whereas,  in  the  formation  of  the  tribromo- 
acid,  according  to  the  above  equation,  theoretically  0-464  gram  of 
bromine  should  have  been  taken  up.  The  product  is  highly  unstable, 
but,  with  care,  it  may  be  recrystallised  from  formic  acid,  and  is  thus 
obtained  in  colourless  nodular  masses,  about  half  of  the  substance 
remaining  in  the  mother  liquor. 

The  pure  substance,  on  analysis,  gave  the  following  i-esult. 
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Tlicorr. 
Found.  CfiH-BraOo. 

Br 68-04  per  cent.         68-37  per  cent. 

Tribromopentamethylenecarboxylic  acid  is  readily  soluble  in  ether 
and  alcohol,  but  only  sparingly  in  water,  formic  acid,  or  light  petro- 
leum ;  it  is  very  readily  decomposed  when  boiled  with  water,  hydrogen 
bromide  being  eliminated. 

The  freshly-prepared  solution  of  the  acid  in  cold  sodium  carbonate 
does  not  decolorise  permanganate  instantaneously,  but  oxidation 
takes  place  slowly  on  standing,  and  very  rapidly  if  the  solution  is 
warmed,  due  doubtless  to  the  gradual  decomposition  of  the  tribromo- 
acid  into  unsaturated  compounds. 

iJinydropenteneaicarboxykc  acid,  0Jl2<^^^    il   ^.^.^tt. 

In  order  to  prepare  this  beautiful  crystalline  substance,  the  following- 
method  was  employed. 

The  crude  product  of  the  action  of  bromine  and  phosphorus  on^ 
pentamethylenedicarboxylic  acid,  after  removal  of  excess  of  bromine 
by  blowing  in  air  (p.  980),  was  treated  with  methylic  alcohol ;  and 
as  soon  as  the  mixture  had  cooled  down  it  was  poured  into  water,, 
and  the  crude  methylic  salt  which  separated  as  a  dark-coloured  heavy 
oil  extracted  with  ether.  The  ethereal  solution  was  washed  with 
dilute  sodium  carbonate  solution,  dried  over  anhydrous  potassium  car- - 
bonate,  filtered,  and  evaporated.  The  dark-coloured,  oily  residue,  con- 
sisting of  crude  methylic  dibromopentamethylenediicarboxylate,  did' 
not  deposit  crystals,  even  after  standing  for  some  days  over  sulphuric 
acid  in  a  vacuum,  and  therefore  no  analysis  was  made. 

This  crude  methylic  salt  was  dissolved  in  alcohol,  a  large  excess  of 
powdered  potassium  iodide  added,  and  the  whole  heated  in  a  reflux 
apparatus  for  two  hours  ;  iodine  was  liberated  in  abundance,  and  the- 
action  appeared  to  proceed  exactly  as  in  the  case  of  the  decomposi- 
tion of  methylic  dibromotetramethylenedicarboxylate  under  similar 
conditions  (p.  974).  To  the  product,  mixed  with  water,  sufficient 
dilute  sodium  hydrogen  sulphite  solution  was  added  to  remove  the  free 
iodine,  and  the  oily  methylic  salt  extracted  twice  with  ether;  the 
ethereal  solution  was  then  dried  over  calcium  chloride,  evaporated,, 
and  the  residual,  oily,  ethereal  salt  at  once  converted  into  the  corre- 
sponding acid  by  hydrolysis  with  potash.  After  boiling  with  excess  of 
alcoholic  potash  for  about  five  minutes,  the  solution  was  diluted  with 
water,  evaporated  on  a  water  bath  till  free  from  alcohol,  acidified, 
and  extracted  15  times  with  ether;  the  dark,  crystalline  mass  which 
remained  after  distilling  ofE  the  ether  was  purified  by  recrystallisation,. 
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first  from  water  with  the  aid  of  animal  chaixoal,  and  then  from  ether. 

Analysis, 

Found. 

( * >,  Theory. 

I.  II.  CsHgCCOOH),. 

C 58-90         53-77  per  cent.         53-84  per  cent. 

H 5-46  583        „  5-18 

Dihydropentenedicarboxylic  acid  crystallises  in  hard,  glistening, 
transparent  crystals,  and  melts  unaltered  at  about  178°;  it  is  readily 
soluble  in  hot  water,  alcohol,  acetic  acid,  and  acetic  anhydride, 
moderately  in  ether,  but  only  sparingly  in  benzene,  light  petroleum, 
and  cold  water.  It  is  a  strong  acid  ;  its  aqueous  solution  is  strongly 
acid  to  litmus,  and  even  thick  crystals  effervesce  vigorously  when 
brought  in  contact  with  sodium  carbonate  solution  ;  a  dilute  solution, 
of  its  sodium  salt  decolorises  permanganate,  although  not  so  instan- 
taneously as  the  sodium  salts  o£  many  other  unsaturated  acids.  In 
its  behaviour  towards  bromine  vapour,  this  acid  appears  to  differ  in 
a  very  marked  manner  from  the  corresponding  dihydrotetrenedicar- 
boxylic  acid  ;  a  small  quantity  of  the  former  was  exposed  to  dry 
bromine  vapour  under  a  bell-jar  during  two  days,  the  reddish- 
coloured  product  was  freed  from  bromine  over  potash  in  a  vacuum 
dessicator,  and  the  residue  recrystallised  from  hydrobromic  acid. 
The  crystals  obtained  melted  and  decomposed  at  180°,  and  as  they  con- 
itained  bromine,  they  probably  consisted  of  dibromopentamethylene- 
dicarboxylic  acid  ;  unfortunately  the  identity  could  not  be  proved  by 
analysis,  owing  to  the  small  quantity  of  material  at  our  disposal ; 
under  similar  conditions,  dihydrotetrenedicarboxylic  acid  remains 
unchanged. 

In  its  behaviour  when  heated,  dihydropentenedicarboxylic  acid 
differs  also  in  a  marked  manner  from  the  corresponding  tetrene 
•derivative ;  the  latter,  on  distillation,  carbonises  and  is  entirely 
•decomposed,  whereas  the  former,  if  rapidly  heated,  distils  without 
•decomposition,  the  solid  distillate  melting  at  175 — 177°.  If,  how- 
*ever,  the  pentene  acid  be  heated  for  10  minutes  in  a  narrow  test- 
Ttube  in  such  a  way  that  the  distillate  constantly  runs  back,  and  the 
product  be  then  distilled,  an  oilj  distillate  will  be  obtained  which,  on 
Jong  standing,  becomes  opaque  from  separation  of  a  small  quantity 
of  a  crystalline  substance,  and,  on  warming  with  water,  it  first  melts 
and  then  gradually  passes  into  solution.  On  standing  over  sulphuric 
:acid  in  a  vacuum,  the  aqueous  solution  deposits  a  small  quantity  of 
•dihydropentenedicai'boxylic  acid,  and  the  filtrate  from  these  crystals, 
•on  evaporation,  dries  up  to  a  gummy  residue,  which  resembles  the 
product  obtained  on  dissolving  the  anhydride  of  dihydrotetrenedi- 
.carboxylic  acid  in  water;  it  could  not  be  analysed,  the  quantity  being 
insufficient. 
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Salts  of  Dihydropentenedicarhoxylic  acid. 

Hydrogen  Silver  Salt,  COOH-CsHe'COOAg.— One  of  the  most 
characteristic  properties  of  dihydrotetrenedicarboxylic  acid  is  the 
tendency  which  it  shows  to  form  a  hydrogen  silver  salt,  and  this 
property  is  even  more  pronounced  in  the  case  of  dihydropentenedi- 
carhoxylic acid. 

The  pure  acid  was  dissolved  in  water,  the  solution  rendered 
slightly  alkaline  with  ammonia,  warmed  to  about  40'',  and  excess  of 
silver  nitrate  added,  when  a  white  precipitate  separated,  which  was 
collected,  washed  with  water,  and  dried  over  sulphuric  acid  in  a 
vacuum. 

When  heated  in  a  crucible,  this  salt  decomposes  suddenly  with 
formation  of  voluminous  threads  of  silver,  and  the  amount  of  silver 
contained  in  the  salt  was  found  to  be  only  443  per  cent.,  whereas  the 
neutral  salt,  C7H604Ag2,  would  contain  5838  per  cent. ;  indeed,  this 
analysis  agrees  very  much  better  with  the  composition  of  the 
hydrogen  silver  salt,  C7H704Ag,  which  contains  41 '08  per  cent,  of 
silver. 

The   mother  liquors  from  this  salt,   on  standing,  deposited  long, 

colourless  needles  which  in  appearance  closely  resemble  the  crystals 

of  the  hydrogen  silver  salt  of  dihydrotetrenedicarboxylic  acid.     They 

were  collected,  washed  with  water,  and  analysed  with  the  following 

result. 

Theory. 
Found.  C7 11704  Ag. 

Ag 41  "41  per  cent.  41 '08  per  cent. 

This  salt  is,  therefore,  evidently  the  hydrogen  silver  salt. 

A  neutral  solution  of  the  ammonium  salt  of  dihydropentenedi- 
carhoxylic acid  shows  the  following  behaviour  with  reagents. 

Lead  acetate  ;  a  white,  gelatinous  precipitate. 

Copper  sulphate  and  barium  nitrate  ;  no  precipitate. 

Calcium  chloride;  no  precipitate  at  first,  but,  on  standing,  the 
calcium  salt  separates  slowly  in  magnificent  four-sided,  glistening, 
tabular  crystals. 

Anhydride  of  Trans-pentamethylenedicarboxylic  acid. 

As  explained  in  the  introduction  to  this  paper,  considerable  in- 
terest attaches  to  the  preparation  of  an  anhydride  of  ^raw.?-penta- 
methylenedicarboxylic  acid,  and  many  experiments  were  made  with 
the  object  of  obtaining  this  substance,  of  which  only  one  or  two  can 
be  described  here. 

,   The  tra7is-a,c\d  used  in  these  experiments  was  very  carefully  puri- 
fied by  repeated  recrystallisation ;  it  was  theiii  heated  in  sealed  tubes 

VOL.   LXV.  4  A 
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at  200°  with  concentrated  hydrochloric  acid,  in  order  to  free  it  from 
traces  of  the  cis-acid  which  might  possibly  be  present  ("compare 
this  vol.,  590),  and  then  quantities  of  about  1  gram  were  heated  with 
pure  acetic  anhydride  to  boiling  on  a  reflux  apparatus  for  5,  10,  15, 
20,  and  25  minutes  respectively.  After  standing  for  several  days  over 
potash  in  a  vacuum,  and  until  free  from  acetic  anhydride,  a  very 
thick,  oily  residue  was,  in  all  cases,  obtained,  which,  even  when  the 
heating  had  been  continued  for  25  minutes,  gradually  deposited 
varying  quantities  of  unchanged  acid,  and  all  the  samples,  on  stand- 
ing, exposed  to  the  air  completely  solidified  to  a  cake  of  the  pure 
acid  in  a  few  days. 

Ultimately,  a  substance  consisting  evidently  of  nearly  pure  trans- 
pentamethylenedicarboxylic  anhydride  was  obtained  as  follows. 

The  pure  acid  was  heated  with  10  times  its  weight  of  pure  acetic 
anhydride  on  a  reflux  apparatus  for  25  minutes,  so  that  the  liquid 
just  boiled  ;  the  product  was  then  transferred  to  a  sraall  Wiirtz  flask, 
heated  at  120"  under  a  pressure  of  20  mm.,  and  a  slow  stream  of 
carefully  dried  air  allowed  to  pass  through  the  liquid  until  the  excess 
of  acetic  anhydride  had  been  completely  removed. 

The  slightly  brownish  residue  gave,  on  analysis,  the  following  num- 
bers, which  agree  with  those  required  for  the  anhydride  of  trans- 
pentamethylenedicarboxylic  acid. 

Found. 

Theory. 


c 

H 


I. 

II. 

CoHfjC^Os. 

59-73 

69'81  per  cent. 

60-00  per  cent. 

5-90 

5-87       „ 

5-71        „ 

This  substance  is,  however,  not  quite  pure,  and  contains  traces  of  the 
as-anhydride,  as  was  shown  by  the  fact  that  when  it  was  dissolved  in 
hot  water,  and  the  solution  allowed  to  cool,  crystals  were  obtained 
which  did  not  melt  quite  sharply  at  160°  (the  m.  p.  of  the  trans- 
acid),  and  the  mother  liquor  was  found  to  contain  traces  of  the 
CIS-acid ;  nevertheless,  there  can  be  no  doubt  that  the  greater  por- 
tion of  the  substance  must  have  consisted  of  the  anhydride  of  the 
^raws-acid. 

In  its  properties,  this  anhydride  differs  in  many  ways  from  the 
beautifully  crystalline  anhydride  of  the  m-acid  ;  it  dissolves,  for 
example,  in  sodium  carbonate  very  rapidly  with  efl^ervescence,  and 
when  exposed  to  the  air  on  a  watch-glass,  it  gradually  solidifies  to  a 
solid  cake  consisting  principally  of  the  ^rans-acid;  the  as-anhydride, 
on  the  other  hand,  is  stable  in  the  air,  and  dissolves  only  very  slowly 
in  sodium  carbonate. 

Possibly  this  tendency  to  combine  with  water  may  account  for  the 
gradual  deposition  of  ^rans-acid  from  the  products  of  the  time  ex- 
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periments  described  above,  as  it  is  difficult  to  be  certain  that  potash  is 
dry,  and,  moreover,  water  would  be  produced  by  the  absorption  of 
the  acetic  acid. 

The  remainder  of  the  ^ra»s-anhydride  was  distilled  under  reduced 
pressure,  when  a  colourless  distillate  was  obtained,  which  solidified 
in  the  manner  so  highly  characteristic  of  the  cw-anhydride  ;  the  dis- 
tillate was  dissolved  in  acetic  anhydride  and  allowed  to  slowly  eva- 
porate over  potash  in  a  vacuum,  when  crystals  gradually  separated 
which  melted  at  70 — 71°  (the  as-anhydride  melts  at  73°),  and  gave 
on  analysis  the  following  result. 

Tlieorj. 
Found.  C5HSC2O3. 

C 59'68  per  cent.         60'00  per  cent. 

H 5-89        „  571 

It  is,  therefore,  obvious  that  fra?^5-pentamethylenedicarboxylic 
anhydride,  on  distillation,  is  converted  into  the  anhydride  of  the  as- 
acid. 

Chemical  Laboratory, 

Owens  College,  Manchester, 


LXXIX. — Substituted  Pimelic  Acids. 

By  A.  W.  Cbosslet,  B.Sc,  Ph.D.,  Berkeley  Fellow  of  the  Owens 

College,  and  W.  H.  Peekin,  Jun. 

Some  time  since  (Trans.,  1891,  59,  818)  one  of  us,  in  conjunction 
with  Mr.  Bertram  Prentice,  described  a  method  of  preparing  aa^-Ai- 
substituted  pimelic  acids,  which,  briefly  stated,  is  as  follows.  The 
disodium  derivative  of  ethylic  pentanetetracarboxylate  is  digested 
with  the  iodide  of  a  radicle  (RI),  and  thus  converted  into  a  di-deriva- 
tive  of  this  ethereal  salt. 

(COOC2H5)2CNa-[CH2].,-CNa(COOC2H,)2  +  2RI  = 

(COOC2H5),CR-[CH2]3-CR(COOC2H5)2  +  2N'aI. 

On  hydrolysis,  this  salt  yields  the  corresponding  tetrabasic  acid, 
which,  when  heated  at  about  200°,  loses  2  mols.  of  carbon  dioxide, 
forming  an  aai-disubstituted-pimelic  acid. 

(COOH)2CR-[CH2]3-CR(COOH)2  = 

COOH-CHR-CCHjVCHR-COOH  -I-  2CO2. 

"With  the  object  of  preparing  mono- substituted  pimelic  acids,  ex- 
periments were  made  on  the  action  of  alkyl  haloids  on  ethylic 
pentanetetracarboxylate  in  the  presence  of  only  1  mol.  of  sodium 

4  A  2 
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ethylate;  but  these  were  not  successful,  as,  in  such  cases,  half  of  the 
ethylic  pentanetetracarboxylate  remained  unacted  on,  the  other  half 
having  been  converted  into  a  disubstitution  product  (loc.  cit.,  p.  819). 

In  continuing  the  study  of  this  subject,  various  modifications  of 
the  above  synthetical  method  were  tried,  in  the  hope  of  discovering 
some  means  by  which  not  only  mono-substituted  pimelic  acids,  but 
also  aai-disabstituted  pimelic  acids,  containing  two  different  radicles 
of  the  type  C00H-CHR-[CH2]:,-CHR'-C00H,  might  be  prepared; 
this  was  ultimately  accomplished  in  several  ways. 

When  trimethylene  chlorobromide  (wwi-chlorobromopropane, 
CHjCl'CHj'CHaBr)  acts  on  the  sodium  derivative  of  ethylic  ethyl- 
malonate,  ethylic  w-chloropropylethyl  malonate  is  produced,  thus. 

(COOC2H5)2CJ^a-C2H5  +  CH2Br-CH,-CH2Cl  = 

(COOC3H5)o.C(aH5)-CH,-CH,-CH,Cl  +  I^aBr, 
and  this  substance,  when  digested  in  alcoholic  solution  with  the 
sodium  derivative  of  ethylic  malonate,  yields  ethylic  ethylpentane- 
tetracarboxylate, 

(COOC2H5)2C(ail5)-CH2-CHj-CH,Cl  +  CHNa(COOC,H5)2  = 

(COOC2H5)2C(C2H5)-CH2-CH2-CH2-CH(COOC2H5)3  +  NaCl. 
On  hydrolysis,  this  ethereal  salt  yields  an  acid,  which  at  200°  loses 
carbon  dioxide,  forming  ethylpimelic  acid. 
(COOH),C(C,H5)-[CH,]3-CH(COOH),  = 

C00H-CH(a.H3)-[CH.],  CHj-COGH  +  200^. 

The  new  acid  was  purified  by  first  convertinir  it  into  its. ethylic  salt, 
and  then,  after  fractionation,  reconverting  this  into  the  acid  by  hydro- 
lysis ;  the  oily  product  was  subsequently  distilled  under  reduced 
pressure,  when  it  boiled  constantly  at  260 — 265°  (82  ram.),  but  did 
not  solidify,  even  after  many  weeks ;  it  gave  a  crystalline  dianilide, 
C91H21N2O2  (m.  p.  145°),  however,  which,  although  not  a  very  charac- 
teristic compound,  might  possibly  serve  for  the  identification  of  the 
acid. 

The  next  acid  which  was  prepared  was  ethylmethybiimelic  acid, 
^OOOH-CH(C2H5)-rCH2]3-CH(CH3)-COOH.  The  method  used  in 
synthesising  it,  and  which  worked  very  well,  differs  in  some  respects 
from  that  described  above,  and  is  briefly  as  follows. 

In  the  first  place,  the  sodium  derivative  of  ethylic  ethylmalonate 
was  digested  in  alcoholic  solution  with  chloromethoxypropane  (Trans., 
1894,  65,  596),  when  the  following  interaction  took  place. 
-(COOaH6)2CNa(C2H5)  +  CHjCl-CHo/CH^-OCHa  = 

(COOC2H5)2C(aH5)'CH2-CH2-CIl2-OCH3  +  NaCl. 
The  methylic*  methoxypropylethylmalonate  obtained  was  con- 
*  By  mistake,  methylic  alcohol  was  used  as  the  solvent  instead  of  ethylic  alcohol 
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verted  into  the  corresponding  acid  by  hydrolysis  ;  this,  on  distilla- 
tion, is  decomposed,  evolving  carbon  dioxide  and  forming  methoxy- 
propylethylacetic  acid. 

(COOH)3C(a,H5)-[CH2]3-OCH3  = 

COOH-CII(aH5)-[CH2]3-OCH3  -|-  CO,. 

On  treatment  with,  hydrobromic  acid,  this  metboxy-acid  yields 
bromopropylethylacetic  acid,  the  ethereal  salt  of  which  readily 
interacts  with  the  sodium  derivative  of  ethylic  methylmalonate,  yield- 
ing ethylic  ethylraethylpentanetricarboxylate,  thus. 

(COOC2H5)2CNa-CH3  +  CH2Br-CH,-CH2'CH(C8Hs)-COOC2H5  = 
(COOC2H5).C(CH3)-CH,-CH,-CH,-CH(C2H5)-COOC,H5  +  NaBr. 

Lastly,  this  ethereal  salt,  on  hydrolysis,  is  converted  into  the 
corresponding  tricai-boxylic  acid,  from  which,  by  heating  at  200°  and 
subsequent  distillation,  ethylmethylpimelic  acid, 

COOH-CHCC^Hs)  ■  [CH,]3'CH(CH3)^COOH, 
is  obtained  in  the  usual  manner. 

This  acid  boiled  constantly  at  265 — 270°,  under  a  pressure  of  80  mm. 
It  remained  as  an  oil  during  several  weeks,  but  was  put  aside,  and  at 
the  end  of  about  four  months  was  found  to  have  deposited  crystals ; 
these,  after  repeated  recrystallisation,  melted  at  78°. 

It  seems  probable  that  this  acid  exists  in  two  stereoisomeric  forms  ;. 
this  would  account  for  the  extreme  slowness  with  which  the  oily  acid 
crystallises,  a.nd  also  for  the  great  diflSculty  experienced  in  purifying 
it  by  recrystallisation ;  we  propose  to  further  investigate  this  subject, 
and  also -to  prepare  several  other  substituted  pimelic  acids,  some  of 
which  it  is  expected  will  hav«  interesting  properties. 

Ethylpimelic  acid,  COOH-CH(C2H5)-[CH2]3-CH2-COOH. 

The  first  experiments  made  with  the  object  of  preparing  this  acid 
were  carried  out  as  follows. 

Sodium  (23  grams)  was  dissolved  in  absolute  alcohol  (25  grams), 
the  well-cooled  solution  mixed  with  carefully  purified  ethylic  ethyl- 
malonate  (18'8  grams)  and  trimethylene  bromide  (21  grams),  and 
the  whole  heated  in  a  reflux  apparatus  for  one  hour,  when  the  mix>. 
ture  was  found  to  be  neutral. 

The  product  contains  a  bromo-derivative,  which  was  not  analysed, 
but  obviously  consists  of  ethylic  bromopropylethylmalonate, 

(COOC,H6)2C(C2H5)-CH,-CH2-CH,Br; 

this  was  mixed  with  sodium  (2*7  grams),  previously  dissolved  in  ab- 

in  these  experiments.  The  product,  therefore,  consisted  of  the  methylic  salt,  an 
interchange  of  an  alkyl  radicle  having  taken  place  (compare  Purdie  and  Marshall, 
Trans.,  1888,  63,  391). 
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solute  alcohol  (25  grams),  ethylic  malonate  (16  grams)  added,  and 
the  mixture  heated  in  a  reflux  apparatus  for  three  hours,  when  it  was 
found  to  be  almost  neutral.  Water  was  now  added,  and  the  precipi- 
tated oil  extracted  by  agitating  thrice  with  ether ;  the  ethereal  solu- 
tion was  then,  washed  with  water,  dried  over  calcium  chloride,  the 
ether  distilled  ofi,  and  the  residual  light  yellow  oil  submitted  to 
careful  fractionation  under  reduced  pressure.  In  this  way,  a  colour- 
less oil  was  obtained,  boiling  constantly  at  275"^  under  a  pressure  of 
75  mm.,  and  giving,  on  analysis,  numbers  agreeing  with  those  re- 
quired for  ethylic  ethylpentanetetracarboxylate, 

(COOC2H5)2C(C2H5)-[CHj8-CH(COOC^5)2. 

Found.  S^ieory.  CigHsjOg. 

C 58'73  per  (Cent.  58"76  per  cent. 

H 8-46        .„  8-24 

This  oil  was  hydrolysed  by.boiliijtg  with  excess  of  alcoholic  potash 
for  three  hours;  the  :alkaline  product  was  then  diluted  with  water^ 
evaporated  till  .free  .from  alcohol,  acidified,  and  extracted  ten  times 
with  ether.  'On  drying  over  calcium  chloride,  and  evaporating  the 
ether,  a  thick, (Colourless  oil  was  left;  this  was  heated  at  200°  until 
no  further  evolution  of  carbon  dioxide  took  place,  and  then  rapidly 
distilled  under  reduced  pressure ;  nearly  the  whole  passed  over 
between:260°  and.260°  (70  mm.),  and;  on  analysis,  gave  the  following 

■results. 

Found.  Theory.  C9Hi604. 

vC 57"82  per  cent.  57-44  per  cent. 

H 8-75        .„  8-51 

These  numbers  agree  fairly  well  with  those  required  for  ethylpimelic 
acid,  COOH-CH(C2H5)-[CH2]3vCH2-COOH,  and  judging  from  the 
results  of  subsequent  experiments,  there  can  be  no  doubt  that  it  con- 
-sisted  of  this  acid  iu  a  nearly  pure  state. 

As  this  acid,  even  after  long  standing,  showed  no  signs  of  erystai- 
lising  (which  is  remarkable  in  consideration  of  the  fact  that  pimelic 
acid  and  all  its  alky  1- derivatives  which  have  hitherto  been  prepared, 
are  solids),  it  wiis  assumed  that  this  behaviour  was  due  to  impurity,  a 
supposition  borne  out  by  the  above  analyses,  the  rather  high  values 
for  carbon  and  hydrogen  found  indicating  the  presence  of  traces  of 
diethylpimelic  acid,  COOH-CH(C2H5)-[CH,]3-CH(C2H5),COOH. 

The  preparation. of  the  acid  was  therefore  modified  in  the  following 
way. 

Solium  (3",6  grams^,  dissolved  iu  alcohol  (50  grams),  .was  mixed 
jv'ith  ethylic  ethylmalonate  (29  grams)  and  trimethylene  chlorobro- 
midje  (24  grams)^  and  lieated  as  before  until  neutral.  Water  was  then 
added,  the  oily  product  of   the    reaction  extracted  with  ether,  the 
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ethereal  solution  well  washed  with  water,  dried  over  calcium  chloride 
evapoi'ated,  and  the  residual  oil  allowed  to  remain  for  some  days 
over  sulphuric  acid  in  a  vacuum. 

The  analyses  of  this  preparation  gave  the  following  results,  which 
agree  only  approximately  with  those  for  ethylic  chloropropylethyl- 
malonate(COOC3H5)2C(C2H5)-CH2-CH2-CH2Ci. 

Found. 

( ^ ^  Theory. 

I.  II.  C12H21O4CI. 

CI 11-43         11-52  per  cent.  13-42  per  cent. 

This  oily  substance  was  then  digested  with  sodium  ethoxide 
(3-6  grams  sodium  dissolved  in  50  grams  of  alcohol)  and  ethylic 
malonate  (24  grams)  until  the  product  was  quite  neutral ;  water  was 
added,  the  oily  ethereal  salt  extracted  as  before,  and  purified  by  frac- 
tional distillation  under  reduced  pressure.  The  greater  part  distilled 
at  270 — 275°  (75  mm.  pressure),  and  consisted  of  ethylic  ethylpen- 
tanetetracarboxy  late. 

This  was  hydrolysed  with  alcoholic  potash  as  before,  and  the 
resulting  crude  ethylpimelic  acid,  which,  again,  did  not  crystallise, 
purified  by  conversion  into  its  ethylic  salt  in  the  following  way. 

The  crude  acid  was  dissolved  in  about  five  times  its  balk  of 
absolute  ethylic  alcohol,  mixed  gradually  with  one-third  of  its  volume 
of  concentrated  sulphuric  acid,  and  the  mixture  allowed  to  stand  for 
48  hours  ;  at  the  eud  of  this  time  it  was  diluted  with  water,  the  oily 
ethereal  salt  extracted  with  ether,  the  ethereal  solution  washed  with 
dilate  sodium  carbonate  solution,  dried  over  potassium  carbonate, 
evaporated,  aud  the  brownish,  oily  residue  purified  by  fractionation 
under  reduced  pressure. 

mhylm  ethyliAmelate,  COOC2H5-CH(C2H5)-[CH2]4-COOC2H5,  is  a 
colourless,  oily  liquid,  possessing  a  faint  smell,  and  boiling  at 
lb'8 — 2U0°  under  a  pressure  of  83  mm. 

Found.  Theory.  Ci3H2404. 

C 64*17  per  cent.  63-93  per  cent. 

H 10-27         „  9-83 

This  ethylic  salt  was  hydrolysed  by  boiling  with  alcoholic  potash, 
and  the  ethylpimelic  acid  formed  was  exti^acted  with  ether,  dried  with 
calcium  chloride,  and  fractioned ;  almost  the  whole  passed  over  as  a 
colourless  oil  between  260°  and  265°  under  a  pressure  of  82  mm.  It 
gave  the  following  results  on  analysis. 

Found.  Theory.  CjHieO^. 

C 57-76  per  cent.  57*44  per  cent. 

H 8-73         „  8-51 

In  this  case,  also,  the  acid  could  not  be  made  to  crystallise,  so  that 
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we  raust  conclude  either  that  ethylpimelic  acid  is  an  oil,  or,  thatwlien 
prepared  by  the  above  methods,  small  quantities  of  impurities  are 
present  which  prevent  it  from  crystallising. 

Anilide  of  ethylpimelic  acid, 
C6H5-NH-CO-CH(C2H5)-[CH2]4-CO-NH-C6H5. 

In  order,  if  possible,  to  obtain  a  crystalline  anilide  of  this  acid,  by 
means  of  which  the  acid  might  be  identified,  a  portion  of  the  sub- 
stance was  digested  for  20  hours  in  a  reflux  apparatus  with  about 
four  times  its  volume  of  pure  aniline.  The  dark  colourei  product 
was  dissolved  in  ether,  the  ethei^eal  solution  well  washed  with  dilute 
hydrochloric  acid  to  remove  excess  of  aniline,  dried  over  calcium 
chloride  and  evaporated  ;  the  thick,  oily  residue,  after  standing  over 
sulphuric  acid  in  a  vacuum  for  a  time,  partially  solidified.  This 
crude  substance,  after  being  washed  with  ether  and  crystallised 
several  times  from  benzene,  was  obtained  as  a  colourless,  indistinctly 
crystalline  powder,  melting  at  145°  ;  on  analysis  it  gave  the  following 

numbers. 

Found.  Theory.  C2iH<.4No0.j. 

C 74-39  per  cent.  74-56  per  cent. 

H 8-10         „  7-69 

N 8-29         „  8-25 

It  is  readily  soluble  in  hot  benzene,  alcohol,  and  chloroform,  but 
only  sparingly  in  light  petroleum. 

Ethylmethylpimelic  acid,  COOH-CH(aH5)-[CH2]3-CH(CH3)-COOH. 

The  method  employed  in  the  synthesis  of  this  disubstituted  pimelic 
acid,  containing  two  different  radicles,  was  somewhat  different  from 
that  tised  for  ethylpimelic  acid,  and  is  probably  applicable  in  the  case 
©f  all  similarly  constituted  acids. 

Sodium  (2-3  grams)  was  dissolved  in  absolute  methylic  alcohol 
(30  grams),  ethylic  ethylmalonate  (18-8  grams)  added,  and  then 
chloromethoxypropane  (10-8  grams),  when  a  vigorous  action  set  in  ; 
as  soon  as  this  had  subsided,  the  mixture  was  heated  in  a  reflux 
apparatus  for  about  an  hour  and  a  half,  and  after  diluting  with 
water,  extracting  with  ether,  &c.,  as  in  the  case  of  ethylic  ethyl- 
pentanetetracarboxylate  (p.  990),  was  submitted  to  fractionation 
under  reduced  pressure,  when  the  greater  part  distilled  at  180° 
(43  mm.).     On  analysis  it  gave  the  following  results. 

Found.  Theory. 

f ' >,  f " ^ 

I.                 II.  CnHsnOj.     C.sHj^Oj. 

C 55-17         55-97  per  cent.  50-89         59-77  per  cent. 

H....       8-34          8-64        „  8-62          9-23      „ 
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These  nnrabers  agree  best  with  the  formula  diHooOj,  that  of 
methylic  methoxypropylethylmalonate, 

CH30-[CH3]3-C(aH5)(COOCH3)2, 
the  formation  of  which   is  explained  in  the  introduction,  the  slight 
deficiency  m  carbon  and  hydrogen  being  due  to  the  fact  that  the  oil 
contains  traces  of  chlorine. 

This  methylic  salt  yielded  the  acid  on  hydrolysis,  which  was 
purified  by  fractionation  under  ordinary  pressure.  The  whole  passed 
over  between  240  and  265°,  and  a  portion  boiling  at  250°  gave  the 
following  results  on  analysis. 

Found.  Theory.  CglTKiOs. 

C 69-82  per  cent.  60-00  per  cent. 

H 10-47         „  10-00 

MethoxiiproinjlethylaceHc  acid,  COOH-CH(C,,H5)-[CH2]3-OCH3,  is  a 
thick,  colourless  oil,  which  did  not  solidify  after  standing  for  two 
days;  when  heated  with  hjdrobromic  acid  it  is  readily  converted  into 
hromopropylethylacetic  acid,  COOH-CH(C2H5)-CH2-CH2-CH2Br. 

In  order  to  prepare  this  substance  the  methoxy-acid  was  dissolved 
in  twice  its  volume  of  fuming  hydrobromic  acid,  and  the  solution 
heated  in  a  sealed  tube  at  150°  for  two  hours.  On  cooling,  it  was 
observed  that  two  distinct  layers  had  formed,  and  on  pouring  the 
product  into  water  a  heavy  oil  was  deposited  ;  this  was  extracted  by 
agitation  with  ether,  the  ethereal  solution  washed  with  water,  dried 
over  calcium  chloride,  and  evaporated.  The  dark  brown,  oily  acid 
thus  obtained  did  not  solidify,  and  as  it  could  not  be  purified  by  frac- 
tional distillation,  was  directly  submitted  to  analysis.  The  numbers 
obtained  agree  only  approximately  with  those  required  for  hromo- 
propylethylacetic acid. 

Found.  Theory.  C-HijOaBr. 

Br 35-27  per  cent.  38-27' per  cent. 

The  acid  was  converted  into  the  ethylic  salt  by  dissolving  it  in 
ethylic  alcohol,  saturating  the  solution  with  hydrogen  chloride,  and, 
after  24  hours,  pouring  the  product  into  water ;  the  oily  layer  was 
extracted  with  ether,  and  the  ethereal  solution  washed  with  sodium 
carbonate  solution,  dried  over  calcium  chloride,  and  evaporated. 

In  order  to  obtain  ethylic  ethylmethylpentanetricarboxylate, 
COOC.,H5-CH(C2H5)-[CH2]3-C(CH3)(COOC2H5)2,  the  sodium  com- 
pound of  ethylic  methylmalonate  was  prepared  by  adding  ethylic 
methylmalonate  (17  grams)  to  a  solution  of  Fodium  (2  grams)  in 
ethylic  alcohol  (25  grams),  ethylic  bromopropylethylacetate  (20 
grams)  was  then  added,  and  the  mixture  heated  for  2h  hours  in  a 
reflux  apparatus.  On  adding  water,  extracting  with  ether,  &c.,  in 
the  usual  manntr,  and  purifying  the  product  by  fractionation  under 
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reduced  pressure,  almost  the  whole  distilled  at  227 — 230°  (60  mm. 
pressure).     It  gave  the  following  results  on  analysis. 

Found. 

( * .J  Tlieorv. 

I.                  II.  Ci^HjoOe. 

C 6205         61-92  per  cent.  61-81  per  cent. 

H 9-86          9-31        „  909 

The  fraction  of  this  substance  boiling  at  227 — 230°  (60  mm.)  was 
then  hydrolysed  by  boiling  with  alcoholic  potash,  and  the  free  acid 
obtained  by  extracting  with  ether,  &c.,  in  the  usual  manner.  On  heat- 
ing it  at  200°  until  no  further  evolution  of  carbon  dioxide  was  notice- 
able, and  purifying  the  residual  dark  brown,  oily  acid  by  distillation 
under  reduced  pressure  almost  the  whole  passed  over  at  265 — 270° 
(80  mm.).     It  gave  the  following  results  on  analysis. 

Theory. 
Found.  COOH-CH(CH3)[CH2j3-CH(C2H5)-COOH. 

C 59-28  per  cent.  59-40  per  cent. 

H 9-43         „  8-91 

These  numbers  agree  well  with  those  required  for  ethylmethyl- 
pimelic  acid,  and  the  formula  of  the  acid  was  further  corroborated 
by  preparing  and  analyjiing  the  silver  salt. 

A  small  quantity  of  the  acid  was  neutralised  with  ammonia  solu- 
tion, and  a  few  drops  of  dilute  silver  nitrate  added ;  after  filtration 
from  the  slight  precipitate,  the  clear  liquid  was  heated  to  boiling  and 
precipitated  by  adding  a  large  excess  of  silver  nitrate.  The  white, 
insoluble  silver  salt  was  collected,  well  washed  with  water,  and 
analysed  with  the  following  results. 

Found. 
^ ^ ^  Theory. 

X.  II.  CioHl604Ag2. 

Ag 51-68         61-72  per  cent.  51-92  per  cent. 

The  acid  remained  liquid  for  a  long  time,  but  after  standing  for 
four  months  it  gradually  deposited  crystals,  and  became  semi-solid  ; 
the  oil  was  gradually  absorbed  when  the  crystals  were  left  in  contact 
with  porous  porcelain,  leaving  a  mass  of  almost  colourless  crystals, 
which  melted  approximately  at  58°. 

By  repeated  recrystallisation  from  water,  with  the  aid  of  animal 
charcoal,  the  crude  product  yielded  a  magniticent  crystalline  acid, 
which  melted  at  78°  and  gave  the  following  results  on  analysis. 

Found.  Theory.    CioHjs04. 

C 59-51  per  cent.  5945  per  cent. 

H 9-10         „  8  91 

Ethylmethylpimelic  acid  crystallises  from  water  in  lai'ge,  trans- 
parent, glistening  prisms ;  it  is  sparingly  soluble  in  cold  water,  and 
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is  deposited  from  the  hot,  concentrated  aqueous  solution,  on  cooling, 
ns  an  oil,  which  crystallises  rapidly  if  stirred  with  a  glass  rod. 

The  aqueous  mother-liquors  of  the  acid,  on  concentration,  yield 
different  fractions  of  crystalline  acids,  which  melt  roughly  between 
60°  and  75°,  and  presumably  contain  a  second  isomeride  of  ethyl- 
methylpimelic  acid.  Owintr,  however,  to  the  very  small  quantity  of 
material  at  our  disposal,  this  second  acid,  if  present,  could  not  be 
isolated,  and  for  this  reason  we  could  not  recrystallise  the  ethyl- 
pimelic  acid  (m.  p.  78°)  as  often  as  we  could  have  wished,  and  give, 
therefore,  the  melting-point  of  this  acid  only  as  a  close  approxima- 
tion. 

Chemical  Laboratory, 

Oicens  College,  Manchester. 


LXXX. — Homologues  of  Biitanetetracarhoxylic  acid  and 

of  Adijpic  acid.^ 

By  Bevan  Lean,  D.Sc,  B.A.,  Bishop  Berkeley  Fellow  of  Owens 

College. 

Introduction. 

When  ethylene  dibromide  is  treated  with  the  monosodium  derivative 
ot  ethylic  malonate,  the  chief  product  is  ethylic  1 : 1-trimethylene- 
dicarboxylate  (Perkin,  Trans.,  1887,  51,  1). 

CHzBr  CH, 

CH^Br  "^  2CHN-a(C00Et)j  =  ^^'>C(COOEt), 

+  CH2(COOEt)2  +  2]S"aBr; 

but,  at  the  same  time,  an  oil  of  high  boiling-point  is  formed,  v/hich, 
however,  constitutes  only  about  3  per  cent,  of  the  whole ;  this,  on 
investigation,  was  found  to  be  ethylic  butanetetracarboxylate,  and 
ii8  formation  may  be  represented  by  the  equation — 

The  fact  that  this  substance  is  produced  in  such  small  quantities 
maae  its  further  investigation  a  matter  of  very  great  difficulty ; 
more  recently,  however.  Professor  W.  H.  Perkin,  jun.,  has  found 
tliat  the  substitution  of  ethylenic  chloride  for  the  bromide  greatly 
ir  creases  the  yield  of  ethylic  butanetetracarboxylate.     The  method 

*  Part  of  a  thesis  accepted  for  the  degree  of  Doctor  of  Science  of  the  University 
cf  London. 
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which  is  now  adopted  for  the  preparation  of  this  substance  is 
described  in  a  paper  published  in  this  Journal  (this  vol.,  578). 

Ethylic  butanetetracarboxylate,  in  constitution  and  properties,  is 
very  closely  allied  to  the  ethereal  salts  of  ethane-,  propane-,  and 
pen  tane-tetracarboxylic  acids,  all  of  which  have  been  investigated  in 
detail. 

The.«e  ethereal  salts  interact  with  sodium  ethylate,  forming 
disodium  derivatives,  the  sodium  displacing  the  hydrogen  atoms  of 
the  two  CH  groups,  and  giving  compounds,  which,  if  X  denote  the 
group  COOEt,  may  bo  represented  thus — 

CNaX^  CNaX2  ^^  ^.CH.-CNaX^ 

CNaX;  ^^^^CXaX, '  ^^^"^CHo/CNaX^ ' 

When  these  sodium  derivatives  are  treated  with  alkylic  haloids 
disubstitation  derivatives  are  formed  of  the  general  formulse — 

CR^a  PTT  ^CRX^  ^„    .CH,-CRX2 

CRX^'  ^^^^CRXo'  ^^^^CH^-CRX,' 

in  which  R  represents  an  alkylic  group,  the  action  taking  place 
readily,  except  in  the  case  of  the  disodium  derivative  of  ethylic  ethane- 
tetracarboxylate,  w^hen  it  is  necessary  to  heat  the  mixture  at  150' 
(Guthzeit  and  Dressel,  Jnnalen,  256,  181  ;  Perkin,  Trans.,  1891,  59, 
818  ;  Baeyer  and  Perkin,  Ber.,  17,  449). 

On  hydrolysis,  these  ethereal  salts  yield  the  corresponding  tetra- 
carboxylic  acids,  which  lose  2  mols.  of  carbonic  aidiydride  when 
heated  at  about  200°,  and  are  converted  into  derivatives  of  succinic, 
glutaric  and  pimelic  acids,  of  the  general  formuliB — 

CHRY  CI^RY.  p„    .CH,-CHRY 

CHRY'  '^^^^CHRY'  ^    -^CIL.-CHRY ' 

where  Y  represents  the  group  COOH,  just  as  ethylic  ethane-, 
propane-,  and  pentane-tetracarbox^dates,  under  similar  circumstances, 
are  converted  into  succinic,  glutaric  and  pimelic  acids  respectively. 

It  has  already  been  shown  by  Perkin  (loc.  cit.)  that  ethylic  butane- 
tetracarboxylate is  capable  of  forming  a  disodium  derivative 
(COOEt)2CNa-CH2-CH2-CNa(COOEt)j,  and  that  this  disodium  de- 
rivative is  converted  by  iodine  into  the  ethereal  salt  of  tetramethyl- 
enetetracarboxylic  acid,  thus — 

CH,.-CNa(C00Et)2  _  CtT2-C(COOEf)3 

CH2-CN'a(COOEt)2  "^    '  ~  CH^-CCCOOEt)^  "^       ^  ' 

but  no  further  experiments  could  be  instituted  at  that  time  with  the 
disodium  derivative,  owing  to  the  difficulty  of  obtaining  sufficient 
of  the  ethereal  salt.  When,  however,  the  method  of  preparation  had 
been  so  improved  as  to  make  it  possible  to  continue,  in  a  satisfactory 
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manner,  the  investigation  of  the  substance,  it  was  thought  that 
interesting  results  would  be  obtained  by  studying  the  action  of 
alkylic  haloids  on  the  disodium  derivacive. 

In  caiTying  out  this  investigation,  it  was  found  that  the  disodium 
derivative  of  ethylic  batanetetracarboxylate  is  readily  acted  on  by 
alkylic  iodides  or  chlorides,  forming  «a-dialkyl-substituted  butane- 
tetracarboxylic  acid  derivatives,  thus — 

CH,.CNa(COOEt),  ^  CH,.CR(COOEt.), 

CH2-CNa(COOEt)2  CH2-CR(C00Et>. 

The  action  takes  place  as  soon  as  the  substances  are  brought 
together,  generally  with  considerable  development  of  heat. 

On  the  other  hand,  it  has  not  been  found  possible  to  prepare  mon- 
alkylic  derivatives  of  butatietetracarboxylic  acid  by  the  action  on 
ethylic  batanetetracarboxylate  of  1  mol.  of  sodium  ethylate  and  1  mol. 
of  an  alkylic  haloid.  On  attempting  to  prepare  ethjlic  monethyl- 
butanetetracarboxylate  in  this  way,  the  product  was  found  to  consist 
of  ethylic  diethylbutanetetracarboxylate,  one  half  of  the  ethylic 
butanetetracarboxylate  being  recovered  as  such.  In  explanation  of 
this  remarkable  action,  one  must  either  suppose  that  ethylic  butane- 
tetracarboxylate is  incapable  of  forming  a  raonosodium  derivative 
under  such  conditions,  or  that  the  decomposition  of  the  monosodium 
derivative  takes  place  thus — 

(1.)  CH2-CNa(COOEt)2  ^  CH^-CEtCCOOEt)^ 

CH,-CH(C00Et)2     "^  CH,-CH(C00Et)2 

(2.)  CH2-CEt(COOEt)2        CH2-CNa(COOEt)2  _ 
CH2-CB(COOEt)2    "^   CHvCH(C00Et)2    ~ 

CH2-CEt(COOEt)2         CH2-CH(C00Et)2 
AH2'CN"a(C00Et)2  "^   CH^-CHCCOOEt)/ 
(3.)  CHj-CEt(C00Efc)2  _   CH2-CEt(COOEt)2 

CH,'CNa(C00Et)2  "^  ~   CH2-CEt(COOEt)3  "^ 

Similarly,  ethylic  propanetetracarboxylate  (Guthzeit  and  Dressel, 
Annalen,  256,  180,  188),  and  ethylic  pentanetetracarboxylate  (Perkin, 
Trans.,  1891,  59,  847),  when  treated  with  1  mol.  of  sodium  ethylate 
and  an  alkylic  haloid,  yield,  itistead  of  a  monalkylic  derivative,  a 
mixture  of  the  dialkylic  derivative  with  unchanged  ethereal  salt. 

In  the  course  of  this  investigation,  a  detailed  study  has  been  made 
of  the  dimethyl,  diethyl,  dicetyl,  and  dibenzyl  derivatives  of  ethylic 
butanetetracarboxylate.  They  are  all  solids,  and  crystallise  with 
(considerable  facility. 

On  hydrolysis,  these  ethereal  salts  yield  the  corresponding  quadri-, 
carboxylic  acids,  which   possess   some   very  remarkable   properties; 
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for,  altliough  they  contain  four  carboxyl  groups,  they  do  not  in  ail 
cases  behave  as  quadribasic  acids.  When  their  basicity  is  determined 
by  titration  with  standard  solution  of  potassium  hydrate,  some  of 
them  act  as  bibasic  acids ;  notably  is  this  the  case  with  dibenzyl- 
butanetefcracarboxylic  acid,  the  result  being  the  same  whether  phenol- 
phthale'in  or  litmus  is  used  as  the  indicator.  In  tliis  connection,  it  is 
to  be  noied  that  the  silver  and  calcium  salts  of  dibenzylbutanetetra- 
carboxylic  acid,  which  were  obtained,  were  found  to  have  the  formulse 
C22H2n08Ag3  and  C22H2„08Ca  +  2H2O  respectively.  On  the  other 
hand,  dimethyl-,  diethyl-,  and  dicetyl-butanetetracarboxylic  acids,  on 
being  titrated  with  potassium  hydrate,  give  different  results,  accord- 
ing as  phenolphthalein  or  litmus  is  employed  as  indicator.  They 
behave  as  quadribasic  acids  when  phenolphthalein  is  used.  If,  how- 
ever, one  or  two  drops  of  litmus  solution  be  added  to  the  solution 
of  these  acids  in  potassium  hydroxide,  which  has  been  rendered  neutral 
to  phenolphthalein  by  hydrochloric  acid,  a  distinctly  blue  coloration 
is  produced.  On  adding  more  hydrochloric  acid,  the  blue  coloration 
changes  gradually  to  red,  and  the  solution  appears  to  become  neutral 
to  litmus  only  when  suflBcient  hydrochloric  acid  is  added  to  neutralise 
one  half  of  the  potassium  hydroxide,  which  was  equivalent,  as  shown 
by  phenolphthalein,  to  the  tetracarboxylic  acid  present.  While  the 
salts  of  dimethyl-  and  diethyl-butanetetracarboxylic  acid  were  quadri- 
basic, those  prepared  in  the  same  way  from  dicetylbutanetetra- 
carboxylic  acid,  like  those  of  dibenzylbutanetetracarboxylic  acid, 
were  found  to  be  bibasic* 


*  As  regards  the  action  of  indicators,  it  has  been  shown  that  the  quadribasic  potas- 
sium saltsof  dimethyl-,  diethyl- ,  and  dicetyl-butanetetracarboxylic  acid  are  neutral  to 
phenolphthalein  but  alkaline  to  litmus,  and  that,  on  titrating  these  acids,  when  using 
litmne  as  the  indicator,  the  points  of  neutralisation  are  found  to  be  very  indefinite. 
Dibenzylbutanetetracarboxylic  acid,  on  the  other  hand,  acts  as  a  bibasic  acid,  both 
towards  litmus  and  phenolphthalein.  To  illustrate  further  the  difPerence  in 
behaviour  of  indicators,  reference  may  be  made  to  a  systematic  investigation  of  the 
use  of  litmus,  methyl-orange,  and  phenolphthalein  as  indicators,  which  was  carried 
out  by  Smith  in  1883  {Ckem.  News,  1883,  47,  136).  The  following  table  is  com- 
piled from  his  results. 


Methyl-orange. . 

Litmus 

Phenolphthalein 


Oxalic. 


low  results 
sharp 
sharp 


Acetic. 


very  low  results 

indefinite 

sharp 


Tartaric. 


very  low  results 

indefinite 

sharp 


Citric. 


very  low  results 

indefinite 

sharp 


Engel  {Compt.  rend.,  1886,  102,  262),  too,  has  shown  that  when  a  solution  of 
phosphoric  acid  is  tritrated,  it  appears  to  be  monobasic  if  methyl-orange  is  used  ns 
the  indicator,  but  bibasic  with  phenolphthalein,  and  tribasic  with  Poirier'a  soluble 
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When  heated  at  200 — 210°,  the  disabstituted  bntanetefracarboxylic 
acids  I'eadily  lose  2  mols.  of  carbonic  anhydride,  yielding  disab- 
stituted adipic  acids. 

The  study  of  these  disubstitu^ed  adipic  acids  is  especially  interest- 
ins:  i^  view  of  the  recen*;  work  of  Bischoff,  Auwers  and  Victor  Meyer, 
Zelinsky,  Perkin,  and  others,  on  the  isomerism  of  aa-disubstituted 
acids  in  the  succinic,  glutaric,  and  pimelic  series. 

The  symmetrical  disubstituted  succinic  acids  (Leuchart,  Ber.,  18, 
2348;  Zelinsky,  Ber.,  21,  3170;  Bischoff  and  Voit,  Ber.,  20,  298H ; 
Hell  and  Rothberg,  Ber.,  22,  66;  Bischoff  and  Voit,  Ber.,  22,  389: 
Bischoff  and  Hjelt,  Ber.,  21.  2089,  2097,  2102  ;  Bischoff,  Ber.,  20, 
2988 ;  Hjelt,  Ber.,  20,  3078  ;  Bischoff  and  Mintz,  Ber.,  23,  650 :  Buit- 
chichin  and  Zelinsky,  Abstr.,  1889,377;  1890,  740)  are  found  to  exist 
in  two  well  marked  isomeric  forms  ;  for  instance,  two  dimethylsuccinic 
acids  are  known,  melting  at  123 — 124°  and  192°,  and  two  diethylsuc- 
cinic  acids,  melting  at  129°  and  192°.  The  isomerism  of  the  disub- 
stituted glutaric  acids  is,  apparently,  not  so  pronounced  as  that  of  the 
disubstituted  succinic  acids;  of  the  dialkyl-glutaric  acids  (Zelinsky, 
Ber.,  22,  2823  ;  Bischoff,  Ber.,  23,  146.5  •  Bischoff  iind  Mintz,  Ber., 
23,  649  ;  Auwers  and  Kobner,  Ber.,  24,  1933  ;  Guthzeit  and  Dressel, 
Annalen,  258,  171),  the  dimethyl  derivatives  alone  have  been  sepa- 
rated into  two  distinct  modifications,  melting  at  102 — 104°  and  128° 
respectively.  A  number  of  disubstituted  pimelic  acids  (Perkin  and 
Prentice,  Trans.,  1891,  59,  818)  have  been  prepared,  but  in  no  case 
could  a  separation  into  two  isomerides  be  satisfactorily  accomplished  ; 
it  was,  however,  frequently  noticed  that  the  melting-points  of  the 
acids  were  not  so  sharp  as  could  be  desired,  and  there  is  reason  to 
believe  that  these  acids  also  occur  in  two  isomeric  forms,  which  are 
so  similar  in  properties  that  separation  is  a  matter  of  great  difficulty. 
Considerable  interest,  therefore,  attaches  to  the  question  of  isomerism 
in  the  disubstituted  adipic  acids,  as  these  are  intermediate  between 
the  glutaric  and  pimelic  acids.  It  has  been  found  in  the  course  of 
the  present  research  that  these  disubstituted  adipic  acids  invariably 
exist  in  two  modifications,  which  usually  differ  from  one  another  in  a 

blue.  He  also  showed  that  boric  acid  is  neutral  to  methyl-orange,  feebly  acid  to 
litmus  or  phenolphthalem,  and  acid  to  soluble  blue.  From  these  instances,  it 
appears  that  litmus  is  liable  to  give  lower  results  than  phenolphthalei'n,  and  in  the 
case  of  litmus  the  final  colour  change  is  usually  very  indefinite. 

It  also  is  evident  that  any  knowledge  of  the  basicity  of  an  acid  obtained  by 
titration  is  only  relative  to  the  nature  of  the  indicator  employed,  and,  further,  when 
a  polybasic  acid  has  been  only  partially  neutralised,  its  acid  function  may  be 
enfeebled  altogether  out  of  proportion  to  the  amount  of  base  which  has  been  added 
to  it.  This  raises  the  wider  question  of  the  basicity  of  polybasic  acids,  and  of 
their  affinity  as  a  function  of  the  affinities  of  the  groups  wh'ch  they  contain. 
(See  "  Note  on  the  AflBnities  of  Polybasic  Acids,"  this  vol.,  p.  1024.) 
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very  marked  manner  in  melting-point,  solubility,  and  other  physical 
properties. 

For  instance,  the  dirnethyladipic  acids  melt  at  70 — 72°  and 
.142^  the  diethyl  at  51—53°  and  136°,  the  dibenzyl  at  152° 
and  211 — 213°.  It  is  remarkable  that  the  isomerism  of  these 
disubstituted  acids  is  as  pronounced  in  the  adipic  series  as  in  the  ■suc- 
cinic, whilst  in  the  intermediate  glutaric  series  it  is  much,  less  noticeable, 
Of  these  derivatives  of  adipic  acid,  the  dimethyl  alone  have  pre- 
viously been  obtained  (Zelinsky,  Ber.,  24,  3997),  th.roufyh  the 
hydrolysis  of  ethylic  dicyanodimethyladipate  with  sulphuric  acid,  as 
represented  by  the  equation — 

CK3  CH3  CH3  CH3 

CN-C-CH.-CH,-C-CJ^      +  6H2O  =  HC-CH,-CH2-CH       +  2EtOH 
COOEt        COOEt  COOH         COOH 

+  2NH3  -f  2CO2. 

It  is  a  well-known  fact  that  whilst  oxalic  acid,  or  malonic  acid  and 
its  alkylic  dei^ivatives,  do  not  form  internal  anhydi'ides,  the  formation 
of  an  anhydride  occurs  readily  in  the  case  of  succinic  acid,  and  it  is 
exceedingly  interesting  that  the  introduction  of  alkylic  groups  much 
increases  the  tendency  to  form  anhydrides  (Bischoff  and  Mintz,  Ber., 
23,  620  and  656  ;  Auwers  and  Jackson,  Ber.,  23,  1614)  ;  for  instance, 
dimethylsuccinic  acid  yields  an  anhydride  niuch  more  readily 
than  succinic  acid,  and  again  anhydride  formation  takes  place 
more  readily  in  the  alkylic  derivatives  of  glutaric  acid  than  in  the 
case  of  the  acid  itself.  Now  adipic  acid  does  not  form  an  anhydride, 
but  the  introduction  of  methyl  or  other  groups  appears  to  increase 
the  tendency  to  form  an  anhydride,  and  Manasse  and  Rape  (Ber., 
27,  1818 ;  1894)  have  very  recently  succeeded  in  obtaining  the 
anhydride  of  /3-methjladipic  acid  ;  it  is  noteworthy  that  it  is 
very  unstable,  and  reverts  to  the  acid  on  long  exposure  to 
the  air.  The  disubstituted  adipic  acids,  described  in  the  following- 
pages,  when  heated  with  acetyl  chloride  in  sealed  tubes,  in  no  case 
gave  an  anhydride;  in  view,  however,  of  the  work  of  Manasse  and 
Rupe  (loc.  fit.),  it  is  possible  that  sufficient  precautions  were  not  taken 
to  prevent  the  access  of  moisture  from  the  air  during  the  working  up 
of  the  product ;  further  experiments  are  in  progress  to  decide  this 
point. 

Whilst,  however,  no  anhydride  was  formed  on  heating  the  disubsti- 
tuted adipic  acids  in  sealed  tubes  with  acetyl  chloride,  it  was  found 
that,  whether  the  higher-melting  or  lower-melting  modification  was 
employed,  a  partial  coaversion  of  the  one  into  the  other  was  effected, 
the  product  consisting  of  a  mixture  of  the  two.  Similarly, 
when   the    symmetrical    disubstituted   succinic   acids   (BischoJf   and 
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Mintz,  Ber.,  23,  656)  are  heated  in  sealed  tubes  at  200°,  in  each  case 
a  mixture  of  the  two  modifications  of  the  acid  is  formed.  A  similar 
conversion  can  be  effected  in  the  case  of  the  dimethylglutaric  acids 
(Zelinsky  and  Besredka,  Ber.,  24,  465  ;  Auwers  and  Kobner,  Ber., 
24,  1933). 

It  remains  to  refer  to  the  theories  which  have  been  advanced  to 
account  for  the  two  modifications  of  these  sjmmeti'ical  aa-disubsti- 
tuted  dicarboxylic  acids.  From  the  close  analogy  between  the  con- 
stitution  of  a  symmetrical  aa-dialkylsuccinic  acid  and  that  of  a 
tartaric  acid,  each  containing  a  pair  of  asymmetric  carbon  atoms, 
according  to  one  view  (Bischoff  and  Walden,  Ber.,  22,  1819),  it  has 
been  held  that  any  two  isomeric  symmetrical  disubstituted  succinic 
acids  correspond  to  the  two  inactive  tartaric  acids,  the  one  being 
inactive  through  intramolecular  compensation  of  right-  and  left- 
handed  groups,  whilst  the  other  consists  of  a  mixture  of  equal 
quantities  of  the  active  right-  and  left-handed  acids.  If  this  is  so,  it 
should  be  possible  to  resolve  one  or  other  of  the  two  substituted 
succinic  acids  into  two  active  constituents.  The  chief  objection  which 
this  theory  has  to  meet  is  that  hitherto  in  no  case  has  this  resolution 
into  active  forms  been  accomplished,  although  repeated  attempts 
have  been  made  in  the  case  of  the  substituted  succinic  acids  (Bischoff 
and  Walden,  loc.  cit.). 

As  a  result  of  this  failure,  a  theory  has  been  widely  entertained  of 

late,  which  draws  an  analogy  between  the  saturated  molecules  of  two 

isomeric  symmetrical  disubstituted  succinic  acids  and  the  unsaturated 

molecules  of  fumaric  and  male'ic  acids.     According  to  this  view,  it  is 

held  that  whilst,  in  general,  a  singly-bound  atom  or  group  can  freely 

rotate,    yet,    under  some  circumstances,  certain  saturated  molecules 

can  be  fixed  in  different  phases.     Thus,  it  is  held  that  the  disubsti- 

.,     CHR-COOH  .      . 

tuted  succinic  acids    ' -^_„  ^^^tt  ^^J  exist  m  two  so-called  stereo- 

chemical  isomerides,  of  which  the  acid  of  lower-melting  point  usually 
gives  an  anhydride,  and  is  therefore  called  the  maleino'id  or  cis 
modification,  whilst  the  acid  of  higher-melting  point  is  incapable  of 
forming  an  anhydride,  and  is  named,  on  that  account,  the  fumaroid 
or  trans-modification.  These  two  modifications  may  be  represented 
thus. 

H  H 

R-^-COOH  R-C-COOH 

R-C-COOH  COOH-C-R 

I  I 

H  H 

Maleinoid  or  cis.  Fumarokl  or  trans. 

The   isomerism   in   question,    therefore,    according   to   this  view, 
VOL.  LXV.  4  B 


1002      LEAN:   HOMOLOGUES   OF   BLJTANETETRACARBOXYLIC   ACID 

depends  on  the  fixation  of  carbon  atoms  united  by  single  bonds^ 
and  tbe  acceptance  of  this  view  involves  the  removal  of  one  of  the 
fundamental  ideas  of  van't  HofF's  theory, 

A  third  theory — known  as  the  theory  of  dynamical  isomerism — has 
been  advanced  by  Bischoif  (Ber.,  23,  624),  bat  as  the  compounds, 
which  led  him  to  adopt  it  have  since  been  found  not  to  exist 
(Auwers  and  Jackson,  Ber.,  23,  1606),  it  has  not  met  with  general 
acceptance. 

It  only  remains  to  add,  before  proceeding  to  describe  these- 
derivatives  in  detail,  that  no  attempt  has  jet  been  made  to  resolve- 
any  of  the  dialkyladipic  acids  into  active  forms. 

Exp  E  R  IM  Els  TA  L. 

,       ,.       .,  CHo.-CH(C00H)2 
ButanetetracarboxyLic  acid,   '        riTT/n/^/-kTT\  ' 

011a*Lll(uU(Jrl)2 

As  it  appeared  interesting  to  endeavour  to  obtain  this  acid  for 
comparison  with  the  other  tetracarboxylic  acids  described  in  this 
paper,  pare  ethylic  butanetetracarboxylate  (1  mol.)  was  hydrolysed 
by  boiling  it  for  six  hours  with  a  solution  of  barium  hydroxide 
(8  mols.),  and  the  crystalline  precipitate  of  the  barium  salt  collected 
upon  a  filter,  washed  with  water,  and  decomposed  with  salphuric 
acid.  After  the  slight  excess  of  sulphuric  acid  had  been  carefully 
precipitated  with  barium  hydroxide,  the  clear  aqueous  solution  of  the 
carboxylic  acid  was  evaporated  first  on  the  water-bath,  and  then  over 
sulphuric  acid ;  in  two  days,  it  had  crystallised  in  part  in  a  mass  of 
prismatic  needles.  These  were  separated  from  the  mother-liquor, 
spread  on  a  porous  tile,  and  after  drying  further  over  sulphuric- 
acid,  were  found  to  melt  gradually  between  140"  and  160°. 

0-1618  gave  0-2520  CO^,  and  0-0712  H^O ;  C  =  42-47 ;  H  =  4-88. 
CgHjoOa  requires  C  -=  41-03;  H  =  4-27  per  cent. 
C7H10O6       „         C  =  44-21;  H  =  5-26 

As  tbe  analysis  appeared  to  indicate  that  a  mixture  of  the  tetra- 
carboxylic and  tricarboxylic  acids  had  been  formed,  an  attempt  was 
made  to  isolate  the  tetracarboxylic  acid  from  the  mother  liquor  re- 
ferred to  above.  The  aqueous  solution  was  evaporated  further  until 
a  second  crop  of  crystals  had  been  deposited;  the  small  quantity  of 
mother  liquor  still  remaining  was  poured  oif  from  this,  and  evapor- 
ated over  sulphuric  acid  until  it  had  completely  solidified  to  a  porce- 
lain-like mass ;  this  product  was  found  to  melt  gradually,  and 
evolved  carbonic  anhydride  between  115°  and  148° ;  at  the  latter 
temperature  adipic  acid  melts,  being  formed  from  the  carboxylic  acids. 
by  elimination  of  carbonic  anhydride. 
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0-1567  gave  0-2471  CO^,  and  0-0734  H^O  ;  C  =  43  '00;  H  =  5-20 
per  cent. 

A  silver  salt  was  prepared  by  pouring  a  neutral  solution  o£  the  am- 
monium salt  into  a  large  excess  of  silver  nitrate  solution  and  shaking 
well ;  the  white  precipitate  was  collected  on  a  filter,  well  washed,  and 
dried  first  on  a  porous  tile,  and  then  over  sulphuric  acid. 

0-3022  gave  0-1921  silver ;  Ag  =t  63-06. 

0-1074    „      0-0953  CO^  and  0*0211  H^O  ;  C  =  15-15  ;  H  =  1-36. 

CsHeOsAgi  requires  A^  =  65-23;  C  =  14-50;  H  =  0-91. 

CTH^OeAga        „        Ag  =  63-40 ;  C  =  16-44 ;  H  =  1-36. 

It  appears,  therefore,  that  the  butanetetracarboxylic  acid,  obtained 
by  the  hydrolysis  of  its  ethylic  salt  with  excess  of  barium  hydroxide,  is 
somewhat  unstable,  and  tends  to  part  with  one  molecule  of  carbonic 
anhydride,  with  formation  of  butanetricarboxylic  acid.  This 
instability  of  butanetetracarboxylic  acid  is  in  accordance  with  the 
character  of  its  homologues.  Conrad  and  Bischoff  {Annalen,  214, 
71)  have  shown  that  ethanetetracarboxylic  acid  on  hydrolysis  with 
potassium  hydroxide  gives  ethanetricarboxylic  acid ;  Buchner  {Ber., 
25,  1157),  however,  found  that  the  stability  of  the  acid  depends 
much  on  the  concentration  of  the  alkali,  and  if  dilute  sodium 
hydroxide  be  used,  ethanetetracarboxylic  acid  may  be  isolated. 
Propanetetracarboxylic  acid  has  been  obtained  by  Kleber  (Annalen, 
246,  107),  who  found  that  on  slightly  warming  the  aqueous  solution 
of  the  acid,  it  is  decomposed  with  evolution  of  carbonic  anhydride. 
The  hydrolysis  of  ethylic  butanetetracarboxylate  with  alcoholic  potash 
has  been  carried  out  by  Perkin  (Trans.,  1887,  51,  19),  and  there 
was  evidence  of  a  partial  conversion  of  the  tetracarboxylic  acid  into 
the  tricarboxylic  acid  ;  Perkin  and  Prentice  (Trans.,  1891,  59,  824), 
when  hydrolysing  ethylic  pentanetetracarboxylate  with  alcoholic 
potash,  obtained  a  similar  result. 

This  mixture  of  butanetetracarboxylic  acid  and  butanetricarboxylic 
acid  is  extremely  soluble  in  water,  giving  a  solution  of  intensely  acid 
character.  It  is  also  very  readily  soluble  in  ether,  and  in  methylic 
or  ethylic  alcohol,  but  insoluble  in  benzene,  toluene,  or  light 
petroleum. 

A  neutral  solution  of  the  ammonium  salts  gives  but  a  slight  precipi- 
tate iu  the  cold  with  barium  chloride :  on  boiling,  however,  a 
copious  white  crystalline  precipitate  of  the  monobarium  salts  is 
thrown  down.  Calcium  chloride  gives  no  precipitate  in  the  cold, 
but  the  calcium  salts  are  precipitated  on  boiling,  and  dissolve  again 
partially  on  cooling.  Ferric  chloride  and  copper  acetate  give  no 
precipitate. 

4  B  2 
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,.    ^.       ,   „  ,  ,       ,       CH^-CMerCOOEt), 

A.  Ethylic  Dimethylbutanetetracarboxylate,  '  rnnnt?     ' 

The  quantities  used  in  the  preparation  of  this  substance  wei^e — 

Ethylic  hutanetetracarboxylate 35'0  grams 

Sodium  dissolved  in  60  c.c.  alcohol. . . .        4*6      ,, 
Methylic  iodide 28-4      „ 

The  ethylic  hutanetetracarboxylate  was  dissolved  in  the  sodium 
ethoxide,  and  the  methylic  iodide  added  slowly,  since  much  heat  is 
developed ;  it  was  then  heated  on  the  water-bath,  using  a  reflux  con- 
denser, for  about  two  hours,  until  it  no  longer  gave  an  alkaline 
reaction.  Water  was  then  added,  the  product  evaporated,  extracted 
with  ether,  and  the  ethereal  solution  dried  with  calcium  chloride. 
On  distilling  off  the  ether,  and  allowing  the  residual  oil  to  stand 
some  days,  ethylic  dimethylbutanetetracarboxylate  crystallised  out  in 
beautiful  prisms.  It  was  collected  on  a  filter,  and  washed  with  a 
little  ether.  For  analysis,  a  portion  was  dried  at  100°,  and  allowed 
to  solidify. 

0-1553  gave  03290  CO^  and  01184  H^O.     C  =  5775 ;  H  =  804. 
CisHboOs  requires  C  =  57*75 ;  H  =  8*02  per  cent. 

The  mother  liquors  from  this  substance,  on  standing,  deposited  a 
less  pure  product,  which  was  used  in  the  subsequent  preparation  of 
the  dimethyladipic  acids. 

Ethylic  dimethylbutanetetracarboxylate  crystallises  in  beautiful, 
thick,  four-sided  prisms,  melts  at  54°,  and  is  readily  soluble  in  ether, 
methylic  and  ethylic  alcohols,  benzene,  and  toluene.  It  dissolves 
readily  in  warm  light  petroleum,  and  crystallises  out  again  ou 
cooling. 

Ti-     /I.7A.      ..         7,      7-       .,  CH,-CMe(C00H)2 
Dimethylbutanetetracarboxylic  acid,   i  ^  ^  . 

CH2'CMe(COOH)2* 
Ethylic  dimethylbutanetetracarboxylate  is  not  readily  hydrolysed 
by  barium  hydroxide ;  in  order  to  prepare  the  acid,  the  pure  ethereal 
salt  (1  mol.)  was  digested  for  three  hours  with  an  excess  of  a  solution 
of  pure  potassium  hydroxide  (6  mols.)  in  methylic  alcohol,  in  a  flask 
connected  with  a  reflux  condenser.  The  product  was  evaporated 
nearly  to  dryness,  mixed  with  water,  the  solution  again  evapoi-ated  to 
a  small  bulk  to  remove  the  last  traces  of  alcohol,  acidified  with  hydro- 
chloric acid,  and  extracted  four  times  with  pure  ether.  On  distilling 
off  the  ether,  the  dimethylbutanetetracarboxylic  acid  was  left  as  a 
yellowish  crystalline  mass ;  this  was  purified  by  dissolving  it  in  a 
little  water,  and  allowing  the  solution  to  evaporate  slowly  over 
sulphuric  acid  in  a  vacuum,  whea  the  pure  acid  gradually  crystallised 
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oat  as  a  mass  of  minute  white  needles.  These  were  collected,  dried 
on  a  porous  tile,  and  over  sulphuric  acid  in  a  vacuum,  and  analysed 
with  the  following  result. 

0-1014  gave  0-1698  COj  and  0-0528  H^O  ;  C  =  45-67  ;  H  =  5-78. 
CioHuOg  requires  C  =  45-80;  H  =  5-35  per  cent. 

Diraethylbutanetetracarboxylic  acid  is  deposited  as  a  felted  mass 
of  minute  needles  on  slowly  evaporating  its  concentrated  aqueous 
solution.  It  decomposes  at  200°  with  evolution  of  carbonic  an- 
hydride, is  readily  soluble  in  ether  and  in  methylic  or  ethylic 
alcohol,  but  insoluble  in  benzene,  toluene,  and  light  petroleum. 

The  basicity  of  the  acid  was  determined  by  titration  with  deci- 
normal  solutions  of  potassium  hydroxide  and  hydrochloric  acid. 

0-1763  gram  of  substance  required  0-1480  gram  of  KOH  for  neutra- 
lisation, phenolphthalein  being  used  as  the  indicator :  the  final  colour 
change  was  sharp.  Aquadribasic  acid  of  the  formula C6Hio(COOH)4  re- 
quires 0*1507  gram  of  KOH  to  form  a  saltof  theformulaC6H]o(COOK)4. 
On  adding  one  or  two  drops  of  litmus  solution  to  the  solution  of  the 
quadribasic  salt,  which  was  neutral  as  indicated  by  phenolphthalein, 
there  was  a  very  distinct  blue  coloration,  which  only  gradually 
became  red  on  running  in  hydrochloric  acid.  It  appears,  therefore, 
that  dimethylbutanetetracarboxylic  acid  forms  quadribasic  salts,  which 
are  neutral  to  phenolphthalein,  but  alkaline  to  litmus. 

Silver  Salt,  CloHioOgAgi. — The  acid  was  dissolved  in  dilute 
ammonia,  and  the  solution  placed  over  sulphuric  acid  in  a  vacuum. 
As  soon  as  it  was  only  slightly  alkaline  to  litmus  it  was  poured  into 
a  large  excess  of  silver  nitrate  solution  in  a  flask,  and  the  mixture 
well  shaken.  The  white  precipitate  was  collected  on  a  filter,  well 
washed  with  water,  and  dried  on  a  porous  tile  and  over  sulphuric 
acid  in  a  vacuum. 

Analysis  proved  the  salt  to  be  quadribasic. 

0-1048  gave  0-0650  Ag;  Ag  =  62-02. 

CioHio08Ag4  requires  Ag  =  62-60  per  cent. 

If  a  solution  of  calcium  chloride  is  added  to  a  cold  neutral  solution 
of  the  ammonium  salt  no  precipitate  is  formed,  but  on  heating  a 
crj'stalline  precipitate  of  the  calcium  salt  is  thrown  down, 

^.     ,,   ,  ^.   .       .^    CHo-CHMe-COOH 
^^^''^^y^-<^^P^<^'  <^'^^'^  6H..CHMe.C00H- 

When  heated  with  sulphuric  acid,  ethylic  dimethylbutanetetra- 
carboxylate  is  readily  hydrolysed,  but  at  the  same  time  it  loses  2  mols. 
of  carbonic  anhydride  and  yields  a  mixture  of  dimethyladipic  acids. 
The  ethereal  salt  was  therefore  heated  on  a  sand-bath  in  a  reflux 
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apparatus  with  equal  parts  of  sulphuric  acid  and  water  for  about 
three  hours.  On  allowing  the  mixture  to  cool,  a  considerable  quantity 
of  dimethyladipic  acid  ci'jstallised  out. 

Isolation  of  the  modification  of  higher-melting  point. — The  acid  which 
had  crystallised  on  cooling  was  washed  Avith  a  little  water,  dis- 
solved in  a  solution  of  sodium  carbonate,  boiled  with  animal  charcoal, 
and  filtered;  the  filtrate  was  then  acidified  with  hydrochloric  acid, 
and  the  dimethyladipic  acid  which  separated,  collected  on  a  filter, 
washed  with  a  little  water,  and  recrystallised  from  water.  This  acid 
melted  at  130 — 135°,  and  as  it  was  found  to  be  only  sparingly 
soluble  in  boiling  benzene,  it  was  digested  two  or  three  times  with 
small  quantities  of  boiling  benzene,  and  the  benzene  solution  in  each 
case  poured  off  as  completely  as  possible.  The  acid  which  still 
remained  undissolved  was  recrystallised  from  water,  and  di-ied  at 
100°.     It  was  then  found  to  melt  sharply  at  142°. 

Analysis  showed  it  to  consist  of  pure  dimethyladipic  acid. 

0-1504  gave  0-1129  H^O  and  0-3053  CO^ ;  C  =  55-36 ;  H  =  8-34. 
C8H14O4  requires  C  =  55"  18  ;  H  =  8-04  per  cent. 

This  acid  has  already  been  prepared  by  Zelinsky  (Beo:,  24,  3997), 
by  the  hydrolysis  of  ethylic  dicyanodimethyladipate. 

Isolation  of  the  'modification  of  lower-melting  point.- — The  hot  benzene 
solutions  obtained  in  the  isolation  of  the  modification  of  dimethyl- 
adipic acid  of  higher-melting  point,  on  cooling,  deposited  crystals  which 
consisted  chiefly  of  this  modification.  When  these  were  removed, 
and  the  benzene  evaporated  on  the  water-bath,  a  yellowish,  viscid 
oil  was  obtained,  which  crystallised  completely  on  cooling,  and  melted 
at  80 — 90°.  It  was  digested  with  a  small  quantity  of  cold  benzene, 
the  solution  filtered  from  undissolved  matter,  and  the  benzene 
evaporated ;  the  crystalline  residue,  on  being  again  submitted  twice 
to  the  same  treatment,  left  a  nearly  colourless  crystalline  mass 
which  melted  at  70 — 72°,  and  was  found  by  analysis  to  consist  of 
pure  dimethyladipic  acid. 

0-1383  gave  0-2805  CO2  and  0-1028  H2O  ;  C  =  55-31 ;  H  =  8-26. 
CsH-uOi  i-equires  C  =  55-18;  H  =  804  per  cent. 

Zelinsky  (loc.  cit.),  who  separated  the  two  isomeric  dimethyl- 
adipic acids  by  recrystallisation  from  water,  gives  the  melting-point 
of  this  dimethyladipic  acid  as  74 — 76°.* 


*  Since  the  printing  of  the  thesis,  Zitzing  {Ber.,  27,  1578  ;  1894)  has  described 
the  preparation  of  ethylic  dimcthylbutanetetracarboxy late  by  the  action  of  ethylenic 
dibromide  on  the  monosodium  derivatireof  ethylic  methylmalonate,  and  he  has  pre- 
pared from  it  dimethylbutanetetracarboxylic  acid  and  two  dimethyladipic  acids. 
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ii.  J^Jthylic  JJiethylbufanef  etracar  boxy  late,   i       r\rj^j./nr\r\T:yj\- 

OM2'C/rjt(COOJiii)o 

The  following  quantities  were  employed  in  the  preparation  of  this 
substance : 

Ethylic  butanetetracarboxylate 70-0  grams 

Sodium  dissolved  in  120  c.e.  alcohol  .       9"2       „ 
Ethylic  iodide 70-0      „ 

The  ethylic  butanetetracarboxylate  was  dissolved  in  the  sodium 
ethoxide,  and  the  ethylic  iodide  added  cautiously  with  constant 
cooling,  as  much  heat  is  evolved ;  the  mixture  was  then  heated  for 
two  hours  on  the  water-bath,  using  a  reflux  condenser,  and  to  ensure 
the  completion  of  the  action  a  little  more  ethylic  iodide  was  added, 
and  the  digestion  continued  for  two  hours  longer. 

The  product,  mixed  with  water  and  evaporated  to  remove  alcohol, 
gave  a  beautifully  crystalline  cake  on  cooling ;  this  was  separated 
from  the  mother  liquor,  dissolved  in  ether,  and  the  ethereal  solution, 
after  being  well  washed  with  water,  was  dried  with  calcium  chloride. 
On  slowly  evaporating  the  ethereal  solution,  the  ethylic  diethyl- 
butanetetracarboxylate  separated  in  fine  silky  needles. 

Eor  analysis,  the  ethereal  salt  was  recrystallised  from  ether,  heated 
in  a  stearu-oven  to  fusion,  and  allowed  to  solidify. 

0-1307  gave  0-2865  CO^  and  0-1030  H3O ;  C  =  59-78;  H  =  8-76. 
C20H34O8  requires  C  =  59'70;  H  =  8*45  per  cent. 

Ethylic  diethylbutanetetracarboxylate  crystallises  from  ether  in  fine 
silky  needles,  which  melt  at  about  93 — 94°.  It  is  readily  soluble  in 
hot  methylic  or  ethylic  alcohol,  and  cr3^stallises  out,  on  cooling,  in 
fine  needles.  It  is  also  readily  soluble  in  cold  benzene  and  toluene, 
and  crystallises  well  from  hot  light  petroleum. 

T..    7   „  ,       7.        .7   CHo.-CEt(C00H)3 

DiethylbutanetetracarboxyUc  acid,    1        /-"!?<■ /mnTI^  ' 

Diethylbutanetetracarboxylic  acid  was  obtained  by  the  hydrolysis 
of  its  ethereal  salt  with  barium  hydroxide.  As  this  takes  place  with 
some  difficulty,  the  ethylic  salt  was  heated  with  twice  the  theoretical 
amount  of  barium  hydroxide,  for  two  days  on  the  sand-bath,  using  a 
reflux  condenser ;  during  the  action,  a  strong  menthol-like  odour  was 
oljserved.  When  the  hydrolysis  was  complete,  the  heavy  crystalline 
precipitate  of  barium  diethylbutanetetracarboxylate  was  collected, 
and,  after  being  washed  with  a  little  water,  was  ground  up,  suspended 
in  water,  and  boiled  for  two  houi*s  with  a  slight  excess  of  sulphuric 
acid  so  as  to  set  free   the  diethylbutanetetracarboxylic  acid.      T)ie 
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excess  of  salphnric  acid  was  exactly  precipitated  with  barium  hydr- 
oxide, and  the  aqueous  solution  evaporated  to  a  small  bulk  on  the 
water-bath ;  as  the  concentration  proceeded,  the  acid  crystallised  in 
beautiful  slender  needles ;  these  were  collected  on  a  filter,  washed 
with  a  little  water,  and  spread  on  a  porous  plate.  On  determining* 
their  melting-point,  the  acid  frothed  up  in  the  capillary  tube,  and 
decomposed  at  207 — 209°.  After  recrystallisation  from  water,  the 
decomposing-point  was  unchanged.  For  analysis,  the  crystals  were 
dried  at  100°. 

0-1442  gave  0-2619  CO2  and  0-0850  H,0  ;  C  =  49-53  ;  H  =  6-54. 
CizHisOg  requires  C  =  49-66 ;  H  =  6-20. 

It  is  remarkable  that  diethylbutanetetracarboxylic  acid  is  only 
sparingly  soluble  in  water,  whej'eas  the  corresponding  dimethyl- 
butanetetracarboxylic  acid  is  so  very  readily  soluble.  It  crystallises 
from  its  hot  aqueous  solution  in  needles,  which  decompose  at 
207 — 209°,  with  evolution  of  carbonic  anhydride  ;  it  is  soluble  in  ether, 
benzene,  toluene,  and  light  petroleum,  and  readily  in  methylic  or 
ethylic  alcohol. 

The  basicity  of  the  acid  was  determined  by  titration  with  deci- 
normal  solutions  of  potassium  hydroxide  and  hydrochloric  acid. 

0-2139  gram  of  acid  required  0-0850  gram  of  KOH  for  neutralisa- 
tion, using  litmus  ;  litmus  proved,  however,  a  very  unsatisfactory 
indicator,  as,  after  dissolving  the  acid  in  excess  of  alkali,  on  titrating 
back  with  hydrochloric  acid,  the  blue  tint  changed  only  gradually 
to  red.  An  acid  of  the  formula  C8Hi4(COOH)i  would  require  0-0826 
gram  of  KOH  to  form  the  bibasic  salt,  C8Hu(COOH)2(COOK)2. 

A  determination  was  also  made  in  which  phenolphthalein  was  used 
as  the  indicator. 

0-2114  gi^am  of  acid  required  0-1656  gram  of  KOH  for  neutralisa- 
tion. An  acid  of  the  formula  C8Hu(COOH)4,  would  require  0-1632 
gram  of  KOH  to  form  the  quadribasic  salt,  C8Hi4(COOK)4.  The  solu- 
tion of  the  acid  in  potassium  hydroxide,  after  it  had  been  neutralised 
with  hydrochloric  acid  as  shown  by  phenolphthalein,  was  coloured 
distinctly  blue  on  the  addition  of  one  or  two  drops  of  litmus  solution. 

It  appears,  therefore,  that  diethylbutanetetracarboxylic  acid,  like 
dimethylbutanetetracarboxylic  acid,  forms  quadribasic  salts,  which 
are  neutral  to  phenolphthalein,  but  alkaline  to  litmus,  the  bibasio 
salt  being  neutral  to  litmus. 

Silver  salt,  Ci2Hi408Agi. — This  was  prepared  exactly  in  the  manner 
described  on  p.  1005,  but  it  was  found  impossible  to  analyse  it  by 
ignition  in  a  combustion  furnace  or  in  a  crucible,  as  it  decomposes 
with  a  rapidity  which  is  almost  explosive.  The  silver  was  therefore 
estimated  as  silver  chloride.  Analysis  proved  the  salt  to  be  quadri- 
basic. 
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0-1180  gave  0-0935  AgCl ;  Ag  =  69-57. 
CioHieOsAgz  requires  Ag  =   42-86  per  cent. 
CiiHuOgAgi          „         Ag  =  60-17  per  cent. 

The  silver  salt  decomposes  slowly  oa  exposure  to  light. 

Calcium  salt,  Ci2Hi408Ca2  +  SHgO  (?). — If  calcium  chloride  is 
added  to  a  cold  neutral  solution  of  ammonium  diethylbutanetetra- 
carboxylate  there  is  no  precipitate,  but,  on  boiling,  a  white  micro- 
crystalline  precipitate  of  the  calcium  salt  is  at  once  thrown  down ; 
this  was  collected  on  a  filter,  and  dried  on  a  porous  plate.  For 
analysis,  the  salt  was  dried  by  exposure  to  the  air  for  four  days. 

As  the  quantity  available  for  analysis  was  very  small,  it  was  impos- 
sible to  determine  the  water  of  crystallisation  accurately.  An  estima- 
tion of  the  calcium  proved  the  salt  to  be  tetrabasic,  and  indicated 
that  it  probably  contains  5  mols.  of  water  of  crystallisation.  Heated 
at  150",  the  calcium  salt  lost  more  than  15  per  cent,  in  weighty 
through  the  elimination  of  a  portion  of  its  water  of  crystallisation. 
It  did  not  decompose  when  heated  to  160°. 

0-1083  gave  0-0630  CaSOi ;  Ca  =  1.7-11. 
CijHieOsCa  requires  Ca  =  12-19. 
CijHuOgCas  +  5  H2O  requires  Ca  =  17-54  ;  HjO  =  19-53  per  cent. 

^.    ,   ,    ,.   .        .,    CH^-CHEt-COOH 
I)^eaylad^^^c  ac^ds,  (J^H.-CHEfCOOH- 

In  order  to  prepare  these  acids,  the  pure  diethylbutanetetracarb- 
oxylic  acid  was  heated  in  an  oil-bath  at  210°  until  the  evolution  of 
carbonic  anhydride  had  completely  ceased.  On  cooling,  the  product 
solidified  to  a  brownish  crystalline  cake. 

Isolation  of  the  modification  of  higher-melting  point. — This  brownish 
product  was  digested  with  boiling  water,  filtered  while  hot,  and 
allowed  to  cool,  when  a  considerable  quantity  of  diethyladipic  acid 
ci-ystallised  out  in  fine  white  needles  ;  this,  when  separated  from  the 
mother-liquor,  and  dried  on  a  porous  plate,  was  found  to  melt  at 
122 — 129° ;  after  three  more  crystallisations  the  crystals  melted 
sharply  at  136°,  and  the  melting-point  was  not  altered  by  further 
crystallisation.     An  analysis  proved  it  to  be  pure  diethyladipic  acid. 

0-1503  gave  0-3257  CO2  and  01178  HjO  ;  C  =  5910  ;  H  =  870. 
CioHisOi  requires  C  =  59-40 ;  H  =  892  per  cent. 

Isolation  of  the  modification  of  lower-m,elting  "point. — This  proved  to 
be  a  matter  of  greater  difficulty.  The  aqueous  mother-liquors,  ob- 
tained in  the  isolation  of  the  acid  melting  at  136°,  were  extracted 
three  times  with  ether,  and  the  ethereal  solution  evaporated ;  the 
yellowish  oily  residue  after  a  time  deposited  a  few  stellate  groups  of 
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■crystals,  and  at  the  end  of  two  days  the  oil  had  completely  solidi- 
fied. A  small  portion,  after  drying  on  a  porous  plate,  was  found  to 
imelt  at  55 — 105°.  The  solubilities  of  this  crude  product,  and  of  the 
pure  acid  melting  at  136°,  in  various  solvents,  were  then  carefully 
compared,  and  it  was  found  that  the  former  was  readily  soluble  in 
•cold  benzene,  whilst  the  acid  melting  at  136°  was  only  spai'ingly 
soluble  in  boiling  benzene.  Accordingly,  the  crude  acid  melting  at 
55 — 105°  was  ground  up  and  digested  with  cold  benzene,  and  the 
?solution  filtered  from  a  small  quantity  of  undissolved  acid,  which, 
after  drying,  melted  at  130 — 132°.  The  benzene  solution  evaporated 
on  the  water- bath,  yielded  a  yellowish  viscid  mass,  which  crystallised 
when  exposed  over  sulphuric  acid  in  a  vacuum;  it  melted  at 
45 — 60°  after  it  had  been  left  on  a  porous  plate  for  a  time.  The 
product  was  again  digested  with  cold  benzene,  and  the  solution 
worked  up  in  the  same  manner;  on  lepeating  the  process,  using  little 
more  than  its  own  volume  of  benzene,  a  crystalline  mass  was  finally 
■obtained  which  melted  at  45 — 46°.  As  the  acid  had  still  a  yellowish 
tint,  an  attempt  was  made  to  purify  it  by  means  of  the  calcium  salt. 
'The  acid  was  therefore  digested  with  a  large  volume  of  lime  water, 
and  after  carbonic  anhydride  had  been  passed  through  the  solution, 
the  filtrate  was  concentrated  until  the  greater  portion  of  the  calcium 
:salt  had  crystallised,  and  only  about  2  c.c.  of  yellowish  mother- 
liquor  were  left.  The  crystalline  salt  was  collected  on  a  filter,  and 
washed  with  a  little  cold  water.  To  obtain  the  pure  diethyladipic 
aci4,  the  calcium  salt  was  dissolved  in  water,  decomposed  with  hydro- 
chloi'ic  acid,  and  extracted  with  ether ;  the  ethereal  solution  when 
dried  over  anhydrous  calcium  chloride,  evaporated,  and  exposed  in  a 
vacuum  over  sulphuric  acid,  left  a  colourless  oil  which  gradually 
solidified  to  a  mass  of  chai'acteristic  stellate  groups  of  acicular  cry- 
stals melting  at  51 — 53°.  For  analysis,  the  acid  was  heated  to 
fusion  in  a  steam-oven,  and  allowed  to  solidify. 

0-1218  gave  0-2631  CO^  and  0-0987  H.O  ;  C  =  58-91  ;  H  =  900. 
CioHisOi  requires  C  =  59-40  ;  H  =  8-92  per  cent. 

Properties  of   the  Diethyladipic  acid   melting   at    136°. — This  acid 
crystallises  in  six-sided  prisms  of  the  following  form. 
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The  silver  salt,  CioHi604Ag2,  was  formed  by  dissolving  tlie  acid  in 
sliglit  excess  of  ammonia,  and,  after  removing  this  excess  by  eva- 
(poration  ovei'  sulpnuric  acid,  adding  excess  of  silver  nitrate  solution, 
when  the  silver  salt  was  thrown  down  as  a  voluminous  white  precipi- 
tate. This  was  collected  on  a  filter,  washed  with  water,  and  dried 
■first  on  a  porous  plate,  and  then  over  sulphuric  acid  in  a  vacuum. 

0-1644  gave  0-0848  Ag;  Ag  =  61-58. 

CioHieOiAgo  requires  Ag  =  51-92  per  cent. 

The  calcium  salt,  CioHi604Ca  +  'iHjO,  was  also  prepared  by  dissolv- 
ing the  acid  in  a  large  quantity  of  water,  adding  excess  of  calcium 
hydroxide,  and  boiling  the  solution  ;  the  excess  of  calcium  hydroxide 
was  removed  by  passing  carbonic  anhydride  through  the  solution, 
■which  was  again  boiled,  filtered,  and  evaporated  on  the  water-bath  ; 
as  the  concentration  proceeded,  calcium  diethyladipate  crystallised 
•out  in  beautiful  white  prisms.  It  was  dried  by  exposure  to  the  air 
for  five  days. 

0-8155,  on  drying  at  150°,  lost  0-0398  H2O ;    the  anhydrous  salt 

so  obtained  gave  0-1613  CaSOi ;  H^O  =  12-61 ;  Ca  =  15-03. 
CoHieOiCa  +  2H2O  requires  H^O  =  13-04 ;  Ga  =  14-49  per  cent. 

Unfortunately  too  little  of  the  salt  was  left  to  allow  of  a  second 
•analysis.     The  calcium  salt  is  very  sparingly  soluble  in  water. 

Properties  of  the  JDielhyladipic  acid  melting  about  51 — 53°. — This 
.acid  crystallises  after  fusion  in  large  sub-octahedral  masses,  com- 
posed of  interlacing  needles,  of  the  following  form. 


The  formation  of  the  calcium  salt  has  already  been  described.  It  is 
more  soluble  in  water  than  the  calcium  salt  of  the  isomeric  acid, 
which  melts  at  136°. 

The  silver  salt,  CioHi604Ag2,  was  formed  by  the  double  decomposition 
of  the  aqueous  solution  of  the  calcium  salt  with  silver  nitrate  solution  ; 
the  precipitate,  after  being  well  washed,  was  dried  on  a  poi-ous  plate 
and  in  a  vacuum  over  sulphuric  acid. 

0-2450  gave  02535  CO,,  00852  H^O,  and  0-1276  Ag ;  C  =  2822 ; 
H  =  3-86 ;  Ag.  =  5207. 

CoHieOiAgj  requires  C  - .  28-84;  H  =  384;  Ag  =  5192  per  cent. 
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The   solubility  of  the  two  modifications   of  adipic  acid  in  various- 
solvents  may  be  conveniently  recoi*ded  in  tabular  form. 


Solubilities  of  the  two 

diethyladipic  acids. 

Solvent. 

Diethyladipic  acid  melting 
at  136°. 

Diethyladipic  acid  melting 
at  51—53°. 

Ether 

Readily  soluble  in  the  cold. 

Readily  soluble  in  the  cold. 

Readily  soluble  in  the  cold. 

Very  sparingly  soluble ;  solu- 
ble  in  a  large  quantity  of 
boiling  benzene,  and  preci- 
pitated   in   minute   needles 
on  cooling. 

Sparingly  soluble  in  the  cold  ; 
readily      soluble      in      hot 
toluene,   and  partially  pre- 
cipitated in  crystals  on  cool- 
ing. 

Insoluble  even  on  boiling. 

Soluble  in  much  cold  water; 
crystallises  from  a  little  hot 
water  on  cooling. 

Readily  soluble  in  the  cold. 
Readily  soluble  in  the  cold. 
Readily  soluble  in  the  cold. 
Readily  soluble  in  the  cold. 

Readily  soluble  in  the  cold. 

Soluble  with  difficulty  on, 
boiling,  and  partially  pre- 
cipitated in  very  minute 
needles  on  cooling. 

Readily  soluble  in  the  cold. 

Methylic  alcohol . . . 
Ethylic  alcohol  .... 
Benzene 

Toluene 

Light  petroleum  .  . . 
'W'ater 

Attempt  to  prepare  Ethylic  Monethylbutanetetracarhoxylate, 
CH2-CH(COOEt)3 
CH2-CEt(COOEt)2 

In  this  communication,  the  preparation  of  several  disubstituted 
derivatives  of  ethylic  butanetetracarboxylate  is  described,  and  it 
appeared  of  intei'est  to  ascertain  whether  monosubstituted  deriva- 
tives would  be  obtained  if  the  monosodium  derivative  of  this  sub- 
stance were  employed. 

The  following  quantities  were  taken — 

Ethylic  butanetetracarboxylate 35 "0  grams. 

Sodium  dissolved  in  30  c.c.  alcohol  .  . ,        2"3       „ 
Ethylic  iodide 156       „ 

The  ethylic  butanetetracarboxylate  was  dissolved  in  the  sodium 
ethoxide,  and  the  ethylic  iodide  added  gradually ;  at  first  there  was- 
little  evolution  of  heat,  but,  on  shaking,  the  mixture  became  quite 
hot.  It  was  heated  on  the  water-bath  for  2^  hours,  using  a  reflux 
condenser,  the  product  evaporated  on  the  water-bath,  water  added, 
and    the    evaporation   repeated.      The   residue   was   then  extracted. 
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three  times  with  ether,  the  ethereal  solution  washed  with  water,  de- 
hydrated with  calcium  chloride,  and  the  ether  evaporated  first  on 
the  water-bath,  and  finally  by  exposure  in  a  vacuum.  In  this  way, 
about  35  grams  of  a  yellowish  oil  were  obtained,  which  deposited 
about  10  grams  of  crystals ;  these  were  separated  from  the  mother- 
liquor  by  filtration  with  the  pump,  and  freed  from  oil  by  spreading 
upon  a  porous  plate.  The  product  melted  at  92 — 93°,  and  after 
repeated  crystallisation  from  methylic  alcohol  the  melting  point  re- 
mained constant  at  93 — 94°.  On  analysis,  it  proved  to  be  ethylic 
<liethylbutanetetracarboxy]ate,  corresponding  with  it  in  melting-point, 
•crystalline  form,  and  every  other  respect. 

0-1641  gave  03601  COj  and  01246  H^O  ;  C  =  5984 ;  H  =  8-43. 
CsHaoOg  requires  C  =  5775;  H  =  8-02. 
C20H34OS        „         C  =  5970;  H  =  8-45  per  cent. 

It  is  evident,  therefore,  that  the  main  product  of  the  action  was 
the  diethyl-,  and  not  the  monethyl-derivative  of  ethylic  butanetetra- 
carboxylate. 

To  determine  the  nature  of  the  25  grams  of  yellowish  oil  from  which 
the  ethylic  diethylbutaneteti-acarboxylate  had  crystallised,  and  which 
should  consist,  if  the  above  conclusion  is  correct,  of  unchanged  ethylic 
butanetetracarboxylate,  together  with  a  certain  amount  of  its  diethyl 
•derivative  in  solution,  the  oil  was  hydrolysei  with  barium  hydroxide. 

The  25  grams  of  oil  were  boiled  with  a  concentrated  solution  of 
.75  grams  of  barium  hydroxide  for  two  days  ;  a  slight  excess  of  sulph- 
Tiric  acid  Avas  then  added  to  liberate  the  organic  acids,  and  the 
■filtered  solution  extracted  20  times  with  ether.  The  last  15  extracts 
were  worked  up  together,  and,  after  evaporating  the  ether,  gave  a 
nearly-colourless  oil,  which  crystallised  on  standing.  This  product 
was  heated  at  210°  in  an  oil-bath  until  the  evolution  of  carbonic 
anhydride  had  ceased,  and  the  residual  dark-coloured  oil,  which 
solidified  on  cooling,  after  being  spread  on  a  porous  plate,  was  dis- 
solved in  a  little  hot  water,  and  allowed  to  evaporate  slowly  over 
sulphuric  acid;  the  colourless  crystalline  deposit  which  formed  was 
collected,  and  dried  over  sulphuric  acid.  It  melted  at  148"",  and 
■consisted  of  pure  adipic  acid,  as  is  shown  by  the  following  analysis. 

01441  gave  02613  COj  and  0-0901  H^O  ;  C  =  49-45 ;  H  =  6-94. 
C0H10O4  requires  C  =  4931 ;  H  =  6"86  per  cent. 

It  appears,  therefore,  that,  under  the  conditions  employed,  ethylic 
monethylbutanetetracarboxylate  is  not  formed,  the  interaction,  on  the 
•contrary,  giving  rise  to  ethylic  diethylbutanctetracarboxylate,  one 
half  of  the  ethylic  butanetetracarboxylate  remaining  unchanged. 
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C.  Ethylic  Dicetylhutanetetracarboxylate,   \J '"  ^"^ 

^  ^  -^      'CH-2C(C,6H33)(COOEtV 

The   following  quantities  were  used  in   the   preparation   of   this 
substance, 

Ethylic  butanetetracarboxylate 35'0  grams. 

Sodium  dissolved  in  120  c.c.  alcohol  . .        46       ,, 
Cetylic  iodide 76-0       „ 

The  ethylic  butanetetracarboxylate  was  dissolved  in  the  cold  solu- 
tion of  sodium  ethoxide,  the  cetylic  iodide  added  cautiously,  and  the 
mixture  well  shaken  ;  no  appreciable  rise  of  temperature  occurred ; 
the  mixture  was  then  heated  for  six  hours  on  the  water-bath,  using  a 
reflux  condenser.  After  cooling  and  standing  over  night,  a  consider- 
able quantity  of  a  crystalline  powder  had  separated.  The  contents  of 
the  flask  were  mixed  with  water,  gently  heated  on  the  water-bath  to- 
remove  alcohol,  and  then  extracted  four  times  with  ether.  The 
ethereal  extract  was  washed  with  water,  dried  with  calcium  chloride,, 
and  the  ether  distilled  off,  when  about  60  grams  of  a  dark  oily  liquid 
remained  ;  this,  after  some  days,  deposited  a  considerable  quantity  of 
a  yellowish,  soap-like  mass,  which  was  separated  from  the  oil  by  aid 
of  the  pump,  spread  upon  a  porous  plate,  and  crystallised  once  or 
twice  from  light  peti^oleum.  The  ethylic  dicetylbutanetetracarb- 
oxylate  was  thus  obtained  pure  in  glistening  white  crystals. 

For  analysis,  the  crystals  were  heated  to  100°. 

0-1092  gave  02908  CO2  and  0-1117  HjO;  C  =  72-62;  H  =  11-86. 
CisHcKiOg  requires  C  =  72-54;  H  =  11-33  per  cent. 

Ethylic  dicetylbutanetetracarboxylate  crystallises  from  light  pe- 
troleum in  small,  four-sided  plates,  which  melt  at  69-5°.  It  is  readily 
soluble  in  ether,  benzene,  and  toluene,  and  in  hot  light  petroleum, 
glacial  acetic  acid,  and  methylic  or  ethylic  alcohol ;  on  cooling,  it 
crystallises  again  from  all  these  solvents. 

Bzcetylbutanetetracarboxyhc  and,   1  \/r^n.r^Ty\  ■ 

To  prepare  this  acid,  pure  ethylic  dicetylbutanetetracarboxylate 
(1  mol.)  was  digested  for  about  four  hours  with  an  excess  of  a  solution 
of  pure  potassium  hydroxide  (6  mols.)  in  methylic  alcohol,  in  a  flask 
connected  with  a  reflux  condenser.  After  standing  over  night, 
a  quantity  of  potassium  dicetylbutanetetracarboxylate  had  crystal- 
lised out;  this  was  collected,  dissolved  in  hot  water,  and  acidified 
with  hydrochloric  acid,  when  dicetylbutanetetracarboxylic  acid  sepa- 
rated as  an  oil,  which,  on  cooling,  solidified  to  a  hard,  white,  non- 
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crystalline  cake.  To  free  the  acid  from  traces  of  potassium  chloride,, 
the  cake  was  kneaded  with  a  little  water,  extracted  with  ether,  and 
the  ethereal  solution  washed  with  water.  After  removal  of  the- 
ether  by  evaporation,  and  drying  by  exposure  in  a  vacuum  over 
sulphuric  acid,  pure  dicetylbutaneteti-acarboxylic  acid  Avas  obtained' 
as  a  beautiful,  white,  non-crystalline  mass.  It  was  found  necessary 
to  follow  the  above  method,  starting  with  pure  material  and  utilising 
only  the  purest  products,  in  order  to  prepare  pure  dicetjdbutanetetra- 
carboxylic  acid,  as  no  solvent  was  found  by  means  of  which  the  crude- 
acid  could  be  purified  by  crystallisation. 
On  analysis — 

0-0990  gave  0-2552  CO.  and  0  1007  H2O ;  C  =  70-30 ;  H  =  11-17.. 
C40H74O3  requires  C  =  70*38 ;  H  =  10'85  per  cent. 

A  further  quantity  of  dicetylbutanetetracarboxylic  acid,  sufficiently 
pure  for  subseqiient  operations,  was  obtained  from  the  crude  dark- 
coloured  oily  product,  referred  to  as  being  obtained  in  the  course  of 
the  preparation  of  pure  ethylic  dicetylbutanetetracarboxylate.  After 
hydrolysis  of  the  oil  with  alcoholic  potash,  water  was  added,  and  the 
alcohol  removed  by  evaporation  on  the  water-bath.  On  cooling,, 
almost  the  whole  of  the  potassium  dicetylbutanetetracarboxylate 
separated  as  a  yellow  saponaceous  mass,  which  was  freed  from  cetylic 
iodide,  cetylic  alcohol,  cetene,  and  other  impurities,  by  repeatedly 
digesting  it  with  ether  until  it  became  almost  colourless.  The  free 
acid  obtained  from  this  potassium  salt  was  an  almost  colourless, 
mass. 

Dicetylbutanetetracarboxylic  acid  is  a  white  soap-like  body,  which 
has  not  been  obtained  in  a  crystalline  form.  It  does  not  possess  a. 
sharp  melting-point,  melting  gradually  between  80°  and  90°,  and 
when  heated  to  150°,  decomposes  with  rapid  evolution  of  cai'bonic 
anhydride.  It  is  readily  soluble  in  benzene,  toluene,  light  petroleum,, 
ether,  and  glacial  acetic  acid,  insoluble  in  water,  and  concentrated 
hydrochloric  and  hydrobromic  acids.  It  is  readily  soluble  in  cold 
ethylic  alcohol,  but  in  methylic  alcohol  its  solubility  varies  extra- 
ordinarily within  a  very  small  range  of  temperature.  Thus,  whereas 
at  23°,  100  grams  of  methylic  alcohol  will  dissolve  4*2  grams  of  the 
acid,  at  19°  only  1-9  grams  of  the  acid  are  retained  in  solution. 

The  hasicity  of  the  acid  was  determined  by  titration  with  deci- 
normal  solutions  of  potassium  hydroxide  and  hydrochloric  acid. 

0-2141  gi-am  of  substance  required  0-0701  gram  of  KOH  for- 
neutralisation,  phenolphthalein  being  used  as  the  indicator.  A 
quadribasic  acid  of  the  formula  C40H71O8  would  take  00703  gram  of 
KOH  to  form  the  quadribasic  salt  C3oH7o(COOK)4.  On  adding  1 
or   2  drops  of  litmus  solution    to   the  solution  of   the  quadribasic- 
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salt,  which,  was  neutral  as  indicated  by  phenol ph thai e'in,  a  very 
distinct  blue  coloration  appeared,  which  only  gradually  became  red  as 
hydrochloric  acid  was  run  in. 

It  appears,  therefore,  that  dicetylbutanetetracarboxylic  acid,  like 
diethyl-  and  dimethyl-butanetetracarboxylic  acids,  forms  quadribasic 
salts,  which  are  neutral  to  phenolphthale'in,  but  alkaline  to  litmus. 

Salts  of  Dicetylbutanetefracarhoxylic  acid.— In  connection  with  the 
results  obtained  when  determining  the  basicity  of  the  acid,  it  appeared 
of  interest  to  exaruine  some  of  its  salts. 

Calcium  salt,  C4oH7208Ca. — The  acid  was  dissolved  in  dilute 
ammonia,  and  the  excess  of  ammonia  removed  by  evaporation,  until 
the  solution  was  but  very  slightly  alkaline  to  litmus  ;  excess  of 
calcium  chloride  was  then  added,  and  the  mixture  well  shaken. 
The  white  precipitate,  collected  on  a  filter,  washed  with  water,  and 
dried  on  a  porous  plate,  was  freed  from  a  trace  of  colouring  matter  bv 
crystallising  it  from  boiling  ethylic  alcohol,  from  which  it  separated 
in  needles. 

For  analysis,  the  salt  was  dried  in  the  air  for  six  days. 

(1.)  0-3176  gave  00462  CaSO^ ;  Ca  =  4-31. 

(2.)  0-2887     „      00424     „  „      4-32. 

"(3.)  When  heated  at  100"^,  the  calcium  salt  slowly  loses  weight, 
becoming  slightly  viscid,  and  undergoes  slow  decomposition, 
so  that  it  may  possibly  contain  water  or  alcohol  of  crystallisa- 
tion. 

CwHvaOsCa  requires^Ca  =  4-83  per  cent. 

It  thus  appears  that  the  calcium  salt  which  is  formed  under  the 
above  conditions  is  bibasic.  It  is  insoluble  in  water,  somewhat 
readily  soluble  in  ether,  but  only  sparingly  in  ethylic  alcohol. 

Silver  salt,  C4oH7208Ag2. — The  solution  of  the  ammonium  salt, 
wJiich  was  neutral  as  indicated  by  litmus,  was  poured  into  excess  of 
silver  nitrate  solution,  and  the  mixture  well  shaken.  The  insoluble 
silver  salt  which  was  thrown  down  was  collected  on  a  filter,  well 
washed,  and  dried  on  a  porous  plate  and  over  sulphuric  acid. 

0-1068  gave  00260  silver;  Ag  =  24-34. 

C4oH7208Ag2  requires  Ag  =  24-11  per  cent. 

The  silver  salt  formed  under  the  above  conditions  appears,  there- 
fore, to  be  bibasic.  It  is  unstable,  and  quickly  blackens  on  exposure 
to  light. 

7V    .  7  ^-   •         .7     9Ho.-CH(C,6H33)-COOH 
^^'^^-d^^^c  acds,  (^H,.CH(C.H3.)-C00H- 

Pure  dicetylbutanetetracarboxylic  acid  was  heated  in  an  oil-bath  at 
:205°  until  carbonic  anhydride  was  no  longer  evolved ;  on  cooling,  a 
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rather  brown,  non-crystalline  cake  was  formed.  With  the  exception 
of  ether  and  methylic  and  ethylic  alcohols,  it  is  sparingly  soluble  in  the 
usual  solvents  ;  in  rnethylic  or  ethylic  alcohol  it  is  readily  soluble 
on  warming,  separating  again  in  an  amorphous  form  on  cooling ; 
consequently  the  purification  and  isolation  of  the  two  isomeric 
dicetyladipic  acids  is  a  matter  of  some  difficulty.  It  was  found 
advantageous  to  purify  the  mixture  of  the  isomeric  acids  by  digestion 
with  ethylic  alcohol  and  animal  charcoal ;  after  filtration,  an  almost 
colourless  product  separated  on  cooling,  which  melted  gradually 
between  30°  and  40°. 

Isolation  of  the  modification  of  higher  melting-point. — The  product 
melting  at  30 — 40°  was  dissolved  in  hot  ethylic  alcohol,  and  the  mass 
which  separated  on  cooling,  after  drying  on  a  porous  plate  and  by 
exposure  over  sulphuric  acid  in  a  vacuum,  was  found  to  melt  at 
38 — 42°  ;  on  repeating  this  treatment,  a  substance  was  obtained 
which  melted  at  41 — 43°,  and  subsequent  recrystallisation  did  not 
raise  the  melting-point. 

I.  0-1208  gave  0-3420  CO2  and  0-1355  H^O  ;  C  =  77-21;  H  =  12-46. 

II.  0-1227     „     0-3490        „        0-1380  H^O  ;  C  =  77-54;  H  =  12-49. 

C42H82O4  requires  C  =  77-53  ;  H  =  12-62  per  cent. 

From  the  results  of  the  analysis,  it  appeared  that  the  substance 
melting  at  41 — 43°  was  not  a  dicetyladipic  acid,  but  its  ethylic  salt, 
formed  by  the  repeated  solution  of  the  acid  in  hot  ethylic  alcohol,  and 
this  was  rendered  the  more  probable  by  its  behaviour  on  hydrolysis. 
To  obtain  the  acid  itself,  the  ethereal  salt  was  hydrolysed  with 
alcoholic  potash;  the  alcohol  was  evaporated  on  the  water-bath, 
hydrochloric  acid  added,  and  the  product  extracted  with  ether ;  after 
washing  the  ethereal  solution  with  water,  the  ether  was  evaporated 
on  the  water-bath,  and  the  white  mass  obtained  was  dried  by  ex- 
posure over  sulphuric  acid  in  a  vacuum  ;  the  melting-point,  namely, 
40 — 43°,  was  scarcely  altered,  but  analysis  proved  it  to  be  dicetyl- 
adipic acid. 

0-1138  gave  03203  CO2  and  01267  H2O  ;  C  =  7676;  H  =  1237. 
CJiuO^  requires  C  =  76-77 ;  H  =  12-46  per  cent. 

Isolation  of  the  modification  of  lower  melting -point. — In  the  isola- 
tion of  the  modification  of  higher  melting-point,  the  substance 
melting  at  30 — 4<0°,  obtained  by  heating  dicetylbutanetetracarboxylic 
acid  at  210°,  was  dissolved  in  hot  ethylic  alcohol ;  the  mass  which 
separated  on  cooling  melted  at  38 — 42°,  but  the  mother  liquor,  on 
standing  a  day  or  two,  deposited  a  second  crop,  which  was  found  to 
melt  at  33 — 38°.  The  mother  liquor  from  this  was  concentrated,  and 
on  standing  deposited  a  third  crop,  melting  at  29 — 34° ;  this  was 
VOL.  LXV.  4    0 
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dissolved  in  a  small  quantity  of  alcohol,  and  the  solution,  after  a  time^ 
deposited  a  pui-e  white    amorphous  substance,   which,   when   dried, 
melted  at  32—34°. 
On  analysis — 

0-1491  save  04188  CO2  and  0-1675  H3O ;  C  =  76-65;  H  =  12-48. 
C38H74O4  requires  C  =  76-77  ;  H  =  12-46  per  cent. 

It  is  noteworthy  that  the  lower-melting  dicetyladipic  acid,  unlike 
the  modification  of  higher  melting-point,  does  not  appear  to  form  an 
ethereal  salt  when  repeatedly  dissolved  in  ethylic  alcohol,  though  it  is 
more  readily  soluble  in  the  latter. 

^    ^,,    ,.  ^.^        „    ,      ,  ,         ,       ,  ,     CH,-C(aH0(COOEt)2 

CHa'C  (C7H7)  (C00Et)2 
The  quantities  used  in  the  preparation  of  this  substance  were, 

Ethylic  butanetetracarboxylate    35-0  grams. 

Sodium  dissolved  in  60  c.c.  alcohol  . . .        46       „ 
Benzylic  chloride 30-0       ,, 

The  ethylic  butanetetracarboxylate  was  dissolved  in  the  cold  solu- 
tion of  the  sodium  ethoxide  ;  the  benzylic  chloride  was  then  cautiously 
added,  and  the  mixture  after  shaking  became  perceptibly  warm. 
The  whole  was  then  heated  on  the  water-bath  for  about  two  hours,, 
using  a  reflux  condenser  to  complete  the  action.  The  contents  of  the 
flask  were  mixed  with  water,  and  distilled  with  steam  until  the 
alcohol  and  excess  of  benzylic  chloride  were  removed ;  on  cooling, 
the  crystals  which  gradually  separated  were  collected,  washed  with 
a  little  water,  and  dried  on  a  porous  plate.  They  were  then  dissolved 
in  ether,  the  ethereal  solution  washed  with  water,  dehydrated  with 
anhydrous  potassium  carljonate,  and  the  ether  evaporated  until  the 
dibenzyl-derivative  began  to  separate.  On  standing,  a  plentiful  crop 
of  small  white  crystals  of  pure  ethylic  dibenzylbutanetetracarboxylate 
was  obtained ;  on  analysis, 

0-1934  gave  0-4830  CO2  and  0-1282  H3O  ;  C  =  68-09 ;  H  =  7-34. 
CsoHsgOg  requires  C  =  68-44;  H  =  722  per  cent. 

Ethylic  dibenzylbutanetetracarboxylate  crystallises  in  small  four- 
sided  tabular  crystals.  It  is  readily  soluble  in  boiling  methylic  or 
ethylic  alcohol,  from  which  it  crystallises  on  cooling.  It  is  somewhat 
more  sparingly  soluble  in  ether  and  in  light  petroleum,  from  both  of 
which  it  crystallises  on  cooling.  It  dissolves  in  warm  benzene,  but 
does  not  separate  out  on  cooling.  When  crystallised  from  ethylic- 
alcohol,  it  melts  at  126 — 127°. 
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Dibenzylbiitanetetracarhoxylic  acid,   |     ^     "^    ''     '^'^  ^'^. 

^  -^  CH2-C(aH0(COOH)2 

This  acid  is  formed  by  tlie  hydrolysis  of  ethylic  dibenzylbatane- 
tetracarboxylate  with  alcoholic  potash.  About  36  grams  of  the 
pure  ethereal  salt  (1  mol.)  were  heated  for  two  hoars  on  the  water- 
bath  with  a  solution  of  24  grams  of  potassium  hydroxide  (6  mols.) 
in  methylic  alcohol,  in  a  flask  connected  with  a  reflux  con- 
denser. After  cooling,  and  standing  over  night,  a  considerable 
quantity  of  potassium  dibenzylbutanetetracarboxylate  separated  in 
the  crystalline  form;  the  alcoholic  solution  was  filtered  off,  and 
worked  up  independently.  The  crystalline  potassium  salt  was 
dissolved  in  water,  and  concentrated  hydrochloric  acid  added,  when 
the  dibenzylbutanetetracarboxylic  acid  separated  in  a  semi-solid 
state,  and  after  standing  for  a  short  time  solidified  to  a  hard  white 
crystalline  cake.  This  was  separated  from  the  mother-liquor, 
washed  with  water,  dried  on  a  porous  plate,  and  purified  by  repeated 
crystallisation  from  75  per  cent,  acetic  acid,  until  the  melting-point 
was  constant.  It  was  found  necessary  to  crystallise  the  acid  six  or 
seven  times. 

For  analysis,  the  acid  was  dried  on  a  porous  plate,  heated  at  100" 
in  an  air-bath,  and  finally  placed  over  potassium  hydroxide  in  a 
vacuum,  to  ensure  the  removal  of  traces  of  acetic  acid,  which  were 
retained  somewhat  persistently. 

I.  0-1491  gave  0-3477  CO^  and  00763  H^O  ;  C  =  63-59;  H  =  5-68. 
11.0-1483     „     0-3450        „        0-0754  HoO ;  C  =  63-44;  H  =  5-64. 
III.  0-1591     „     0-3727       „        0-0773  H^O  ;  C  =  63-88  ;  H  =  5-39. 
C22H22O8  requires  C  =  63-77;  H  =  5-31  per  cent. 

A  further  quantity  of  less  pure  acid  was  obtained  from  the  alco- 
holic mother-liquors  previously  referred  to  above ;  these  were  mixed 
with  water,  and  after  evaporating  on  a  water-bath  until  free  from 
alcohol,  concentrated  hydrochloric  acid  was  added,  when  the  di- 
benzylbutanetetracarboxylic acid  separated  as  a  heavy  oil ;  this, 
when  extracted  with  ether,  &c.,  in  the  usual  way,  left  the  acid  as  a 
thick  brownish  oil,  which  did  not  solidify,  even  after  standing  for 
days  over  sulphuric  acid  in  a  vacuum.  This  crude  acid  was,  however, 
sufiiciently  pure  for  conversion  into  dibenzyladipic  acids  as  described 
in  the  next  section. 

Dibenzylbutanetetracarboxylic  acid  crystallises  from  dilute  acetic 
acid  in  beautiful  white  plates,  which,  on  exposure  over  potassium 
hydroxide  in  a  vacuum,  slowly  lose  weight,  apparently  from  loss  of 
acetic  acid  of  crystallisation  ;  after  heating  for  a  few  minutes  at  100°, 
the  acid  melts  at  166 — 167°,  with  evolution  of  carbonic  anhydride. 

4  c  2 
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Heated  at  100^105°,  it  is  very  slowly  converted  into  dibenzyladipic 
acids.  It  is  readily  soluble  in  cold  ether,  and  in  methylic  or  ethylic 
alcohol,  also  in  hot  benzene  or  toluene,  and  more  sparingly  in  light 
petroleum,  from  which  it  crystallises  on  cooling.  It  is  soluble  in 
hot  acetic  acid,  and  crystallises  out  partially  on  cooling,  but  much 
more  completely  on  the  addition  of  water,  as  it  is  very  sparingly 
soluble  in  water. 

The  basicity  of  the  acid  was  determined  by  titration  wath  decinor- 
mal  solutions  of  potassium  hydroxide  and  hydrochloric  acid. 

O'ISOO  gram  of  the  acid  required  0'0486  gram  of  KOH  for  neutral- 
isation, as  indicated  by  litmus.  An  acid  of  the  formula  Ci8Hi8(COOH)4 
would  take  0'0974  gram  of  KOH  to  form  the  quadribasic  salt,  or 
0*0487  gram  of  KOH  to  form  the  bibasic  salt. 

A  determination  was  also  made  in  which  phenolphthale'in  was  used 
as  the  indicator.  0"2389  gram  of  the  acid  required  0"0678  gram  of 
XOH  for  neutralisation,  as  indicated  by  phenolphthale'in  ;  on  adding 
a  drop  or  t^ro  of  litmus  to  the  colourless  solution,  it  was  coloured, 
distinctly  blue,  and  two  or  three  drops  of  N/IO  hydrochloric  acid 
vpere  necessary  to  render  the  solution  neutral  to  litmus.  An  acid 
of  the  formula  CigHisCCOOH)!  would  require  0'0646  gram  of  KOH  to 
form  the  bibasic  salt  CsHjsCCOOH^aCCOOK)^. 

Whilst,  therefore,  phenolphthale'in  and  litmus  did  not  give  abso- 
lutely identical  results,  it  appears  that  dibenzylbutanetetracarboxylic 
acid  tends  to  form  neutral  bibasic  salts. 

Salts  of  Dibenzylbutanetetracarboxylic  acid. — In  view  of  the  result 
obtained  on  titrating  the  acid,  it  was  thought  advisable  to  examine 
some  of  its  salts,  in  order  to  determine  whether  these  were  bibasic  or 
quadribasic. 

Calcium  Salt,  C22H2o08Ca  +  2H2O. — About  2  grams  of  the  acid 
■were  boiled  with  excess  of  calcium  hydroxide,  and  the  excess  of  lime 
precipitated  by  passing  a  stream  of  carbonic  anhydride  through  the 
solution  ;  the  product  was  boiled  and  filtered,  and  the  filtrate  evapo- 
rated to  a  small  bulk.  The  calcium  salt  which  crystallised  out  was 
collected  in  a  filter,  and  dried  on  a  porous  plate. 

For  analysis,  the  salt  was  dried  by  exposure  to  the  air  for  six  days. 

0-3689,  on  heating  at  110°  till  constant,  lost  0-0286  H2O  ;  HjO  =  7-75. 
0-2838  salt  gave  0-0788  CaSO*;  Ca  =  8-17. 

C22H2o08Ca  +  2H2O  requires  Ca  =  8-23 ;  HjO  =  7-37  per  cent. 

The  calcium  salt,  which  is  formed  in  the  above  manner,  appears 
therefore  to  be  bibasic,  crystallising  probably  with  2H2O.     It  loses  its 
water  of  crystallisation  very  slowly  over  sulphuric  acid  in  a  vacuum; 
when  heated  at  150°,  it  gradually  decomposes. 
.    Silver  Salt,  C22H2o08Ag2. — Excess   of   silver   nitrate   solution  was 
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added  to  a  neutral  solution  of  the  calcium  salt,     The  white  pre- 
cipitate was  collected  on  a  filter,  Avell  washed  with  wate;',  and  dried 
on  a  porous  plate  and  finally  over  sulphuric  acid. 
Analysis  proved  the  salt  to  be  bibasic. 

0-4038  gave,  on  ignition,  0-1389  silver;  Ag  =  34-40. 
C22H2o08Ag.3  requires  Ag  =  34-55  per  cent. 

The  same  silver  salt  is  obtained  oh  precipitating  a  neutral  solution 
of  the  ammonium  salt  with  silver  nitrate  solution ;  it  is  somewhat 
soluble  in  water,  and  decomposes  readily  when  exposed  to  the  light. 

^'^'^'y^'i-'  ""*•  6h,.CH(0,H,)-COOH 

The  impure  oily  dibenzylbutanetetracarboxylic  acid  (p.  1019)  was 
heated  in  an  oil-bath  at  200°  till  all  evolution  of  carbonic  anhydride 
had  ceased ;  on  cooling,  the  impure  dibenzyladipic  acid  solidified  to 
a  crystalline  cake.  The  purification  of  this  crude  product,  and  the 
separation  of  the  isomeric  acids,  is  a  somewhat  difficult  matter,  and  is 
best  effected  by  means  of  their  barium  salts.  About  1|  times  the 
theoretical  quantity  of  barium  hydroxide  was  dissolved  in  a  con- 
siderable quantity  of  water,  and  boiled  with  the  crude  dibenzyl- 
adipic acids  for  2^  hours.  As  the  barium  salts  thus  formed  remain 
dissolved  if  the  solution  is  sufficiently  dilute,  the  hot  liquid  was 
filtered,  and  a  current  of  carbonic  anhydride  passed  through  the 
solution  to  remove  the  excess  of  barium  hydroxide.  The  solution 
was  filtered,  the  precipitated  barium  carbonate  washed  repeatedly 
with  water,  and  the  colourless  filtrates  concentrated  on  the  water-bath 
until  about  one-half  of  the  barium  salts  present  had  crystallised 
out.  The  glistening  white  plates  thus  obtained  were  rapidly  filtered 
from  the  mother-liquor  (the  barium  salts  are  less  soluble  in  hot 
water  than  in  cold),  dissolved  in  water,  and  concentrated  hydrochloric 
acid  added,  when  the  dibenzyladipic  acids  were  thrown  down  as  a 
white,  microcrystalline  precipitate ;  this  was  collected  on  a  filter, 
washed  with  a  little  water,  and  dried  on  a  porous  plate  ;  the  melting- 
point  was  found  to  be  190 — 210°.  After  recrj'stallising  three  times 
from  glacial  acetic  acid,  a  crop  was  obtained  which  melted  at 
207 — 211° ;  the  mother-liquors  were  concentrated  to  a  small  bulk, 
and  the  acid  which  crystallised  out  again  removed ;  the  filtrate  was 
then  heated  to  boiling,  and  diluted  with  hot  water  until  a  cloudiness 
began  to  appear ;  on  cooling,  crystals  were  formed,  which  melted  at 
153—165°.  The  solubilities  of  the  two  crops  melting  at  207—211'* 
and  153 — 165°  respectively  were  then  compared  in  several  solvents, 
and  it  was  found  that  the  one  melting  at  207 — 211°  was  practically 
insoluble  in  boiling  toluene,  whilst  that  melting  at  153 — 165°  dig- 
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solved   readily,  and   in    large   measure    crystallised   out    again    on 
cooling. 

To  isolate  the  modification  of  dibenzyladipic  acid  of  higher  melting- 
point,  tlie  crop  melting  at  207 — 211°  was  digested  with  boiling 
toluene,  and  the  undissolved  acid  collected  on  a  filter,  washed,  and 
dried ;  on  repeating  this  process  several  times,  the  final  product 
melted  constantly  at  211 — 213°.  Analysis  proved  it  to  consist  of 
pure  dibenzyladipic  acid. 

0-1440  gave  0-3893  COzand  0-0892  H2O ;  C  =  73-73;  H  =  6-88. 
C20H22O4  requires  C  =  73-62 ;  H  =  6-75  per  cent. 

To  isolate  the  modification  of  lower  melting-point,  the  product 
melting  at  153 — 165°  was  recrystallised  twice  from  toluene  and  then 
once  from  dilute  acetic  acid,  when  the  acid  was  obtained  in  beautiful, 
colourless  prisms  melting  sharply  at  152°.  It  gave  the  following 
numbers  on  analysis. 

0-1494  gave  0-4028  CO2  and  0-0913  H2O ;  C  =  73-53  ;  H  =  6-79. 
C20H22O4  requires  C  =  73-62  ;  H  =  6-75  per  cent. 

The  mother  liquor  from  the  barium  salts  of  the  two  acids  gave  a 
much  larger  quantity  of  the  modification  of  lower  melting-point. 

Properties  of  the  dibenzyladipic  acid  melting  at  211 — 213°. — This 
acid  is  deposited  from  its  glacial  acetic  acid  solution  in  clusters  of 
diamond-shaped  crystals  of  the  following  form. 


The  sUver  salt,  C2oH2o04Ag2,  which  is  very  stable,  was  prepared 
from  the  ammonium  salt  in  the  same  way  as  the  other  silver  salts 
(p.  1011).     It  gave  the  following  numbers  on  analysis. 

0-2056  gave  0-0821  silver ;  Ag  =  39-93. 

C20H20O4A  g2  requires  Ag  =  40-00  per  cent. 

Properties  of  the  dihenzyladipic  acid  melting  at  152°. — This  acid 
crystallises  from  dilute  acetic  acid  in  six-sided  prisms  of  the  follow- 
ing form. 


AND   OF   ADIPIC   ACID. 
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The  silver  salt,  C2oH2o04Ag2,  was  prepared  in  the  same  way  as  the 
other  silver  salts,  and  analysed  with  the  following  result. 
0-2620  gave  0-1049  Ag  on  ignition.     Ag  =  40-03. 
C2oH2o04Ag2  requires  Ag  =  40"00. 

It  is  somewhat  soluble  in  hot  water,  and  blackens  rapidly  on  ex- 
posure to  light. 

The  soluhility  of  the  two  dibenzyladipic  acids  in  various  solvents 
may  be  conveniently  recorded  in  tabular  form. 


Solubilities  of  the  two  dibenzyladipic  acids. 

Solvents, 

Dibenzyladipic  acid 
melting  at  211—213°. 

Dibenzyladipic  acid 
melting  at  152°. 

Ether 

Soluble  in  the  cold. 
Soluble  in  the  cold. 
Soluble  in  the  cold. 
Insoluble. 

Only  slightly  soluble  on  boil- 
ing. 

Insoluble. 

Insoluble. 

Very  sparingly  soluble  in  the 
cold ;     on    boiling   it   dis- 
soItcs  readily,  and  on  cool- 
ing crystallises  out  again. 

Readily  soluble  in  the  cold. 
Eeadily  soluble  in  the  cold. 
Eeadily  soluble  in  the  cold. 

Methylic  alcohol    . . 
Ethylic  alcohol 

Toluene 

is  not  precipitated  on  cooling. 

Readily  soluble  on  warming; 
on  cooling  tlie  acid  crystal- 
lises out  again. 

Insoluble. 

Insoluble. 

Light  petroleum  . . . 
Water 

Glacial  acetic  acid. . 

Readily  soluble  in  cold  acetic 
acid;  it  is  precipitated   in  a 
crystalline   form   on   adding 
water. 

It  will  be  seen  from  the  above  table  that  the  two  dibenzyladipic 
acids  differ  markedly  in  their  degree  of  solubility  in  benzene,  toluene, 
and  glacial  acetic  acid ;  the  acid  melting  at  152°  being  much  the  more 
.soluble  of  the  two. 

The  author  desires  particularly  to  thank  Professor  W.  H,  Perkin, 
jun.,  for  the  fruitful  suggestion  which  led  to  this  research,  and  for 
the  encouragement  which  was  given  whilst  it  was  in  progress. 

Organic  Laboratory, 

Oivens  College,  Manchester. 
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LXXXI. — Note  on  the  Affinities  of  Polyhasic  Acids, 
By  Be  VAN  Lean,  D.Sc,  B.A. 

LiEBiG,  in  1838,  after  a  study  of  a  number  of  organic  acids,  laid 
down  as  the  criterion  of  polybasicity  the  capabihty  of  forming  salts 
with  difEerent  metalh'c  oxides.  The  theory  of  polybasic  acids  was 
further  developed  by  Laurent  and  Gerhardt,  and  later  by  Wurtz  and 
Kekule,  and,  as  a  result  of  their  labours,  the  basicity  of  an  acid  has 
been  regarded  as  determined  by  the  number  of  stages  in  which  the 
hydrogen  can  be  displaced,  or,  in  other  words,  by  the  number  of  salts 
it  can  form  with  a  specified  monad  metal.  More  recently  the 
researches  of  Thomson  and  Ostwald  have  furnished  other  methods 
by  which  the  basicity  of  acids  can  be  determined,  and  in  other  ways 
have  enlarged  our  knowledge  of  this  class  of  compounds. 

It  is  here  desired  to  call  attention  to  facts  which  show  that  the 
affinity  of  a  polybasic  acid  is  a  complex  function  of  the  several 
affinities  of  all  the  groups  contained  within  its  molecule. 

In  the  first  place,  it  is  to  be  observed  that  the  thermal  effects  of 
the  interaction  of  the  first,  second,  &c.,  equivalents  of  a  base  with  an 
acid,  are  not  necessarily  the  same — on  the  contrary,  they  are,  in 
general,  different.  The  following  instances  may  be  quoted  from 
Thomsen's  work. 


Heat  produced  on  neutralisation  of  acids. 


Sulphuric. 


Oxalic. 


Succinic. 


Phosphoric. 


1st  NaOH I        14,750 

2ndNaOH \        16,650 

3rd  NaOH '  — 


13,850 
14,450 


12,400 
11,750 


14,850 

12,250 

6,950 


Although  these  numbers  sufficiently  indicate  the  basicity  of  the 
acids,  it  is  now  recognised  that  the  heats  of  neutralisation  of  the 
aqueous  solutions  of  the  acids  do  not  represent  exactly  the  quantities 
of  heat  liberated  by  the  interaction  of  the  acid  with  the  base. 
Secondary  actions  often  occur,  such  as  the  dissociation  of  the  salts 
and  formation  of  hydrates,  so  that  the  thermal  effect  is  only  the  final 
resultant.  To  avoid  these  sources  of  error,  Berthollet  {Ann.  Chim. 
Phys.  [5],  4, 122  and  130)  showed,  several  years  ago,  that  it  is  sufficient 
to  refer  all  the  compounds  to  the  solid  state.  Some  determinations, 
which  Massol  (Compt.  rend.,  112,  1062)  made  in  this  direction 
in  1891,  are   particularly  worthy  of  attention.     He   measured   the 
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heats  of  neutralisation  o£  the  first  and  second  molecules  of  a  base^ 
with  the  molecules  of  bibasic  acids  of  the  oxalic  acid  series,  the  pro- 
duct being  the  solid  salts.     He  obtained  the  following  results. 


Oxalic. 

Malonio. 

Succinic. 

Sulphuric. 

1st  KOH 

34,280 
24,690 

27,870 
20,700 

25,260 
21,150 

47,800 
33,600 

2nd  KOH 

The  particular  point  of  importance  in  these  observations  is  that  in 
every  case  the  second  molecule  of  the  base  liberates  less  heat  than  the 
first,  whilst  in  measurements  of  the  heat  of  neutralisation  in  aqueons^ 
solution  the  reverse  was  frequently  observed  by  Thomsen.  Massol 
pointed  out  that  whilst  the  heat  developed  on  neutralising  formie 
acid  by  potassium  hydroxide  is  25,800  units  when  the  solid  salt  ia 
formed,  oxalic  acid,  which  may  be  regarded  as  a  carboxylic  derivative- 
of  formic  acid,  has  more  than  twice  as  great  a  heat  of  neutralisation, 
as  though  the  two  carboxyl  groups  effect  a  mutual  strengthening  of 
one  another.  It  is  seen  from  the  above  table  that,  when  one  of  these 
carboxyls  is  neutralised,  the  acid  salt  acts  like  formic  acid,  and  has. 
almost  the  same  heat  of  neutralisation.  The  results,  then,  at  which 
he  arrived,  Massol  attributed  to  a  reciprocal  action  between  the  acid 
groups — an  action  which  is  less  in  degree  in  malonic  and  succinic- 
acids,  in  which  the  carboxyl  groups  are  farther  apart  from  one 
another. 

Berthelot,  in  a  note  to  Massol's  paper,  pointed  out  that  the  greater- 
developmeut  of  heat  by  the  first  molecule  of  base  is  a  necessary  con- 
sequence of  the  fact  (Ann.  Chim.  Phys.  [5],  4,  130)  that  a  bibasic 
acid  interacts  with  its  own  normal  salt  forming  an  acid  salt  with 
development  of  heat. 

Reverting  now  to  the  researches  of  Ostwald  and  his  collaborateurs 
on  the  electrolytic  conductivity  of  carboxylic  acids,  many  facts  are 


Monobasic  acids.* 


Bibasic  acids. f 


Formic  acid 0  '0214 

Acetic      „    0  -00180 

Propionic  acid 0  -00134 

Butyric        „     0  '00149 

Valeric        „     0  -00161 

Hexjlic       „     0  -00145 


Oxalic  acid   10  • 

Malonic  acid 0  -171^ 

Succinic    ,,     0  -00665 

Glutaric    „     0-00475 

Adipic       „     0  -00371 

Pimelie     „     0*00357 


*  Ostwald,  Zeit.  j)hy.sika/.  Chem.  (1889),  3,  174. 
t  Ostwald,  ibid.  (1889),  3,  271. 
X  Betlimann,  ibid.  (1890),  5,  402. 
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found  which  have  significance  in  the  present  connection.  The 
-table  (p.  1025)  has  been  drawn  up  to  show  the  relations  between  the 
"  dissociation  constants  "  of  organic  acids  of  the  acetic  and  oxalic  acid 
series. 

Assuming  that  the  "  dissociation  constants  "  of  acids  are  a  measure 
of  their  affinities,  it  is  seen  afc  once  that  as  the  homologous  series  are 
ascended  the  affinity  of  the  acid  decreases,  and  that  by  introducing 
a  second  carboxyl  group  into  a  monobasic  acid  the  affinity  of  the  acid 
is  in  every  case  more  than  doubled,  indicating  a  mutual  strengthening- 
influence  of  the  two  carboxyls  on  one  another,  and  it  is  also  seen  that 
this  influence  decreases  in  extent  as  the  distance  between  the  two 
groups  is  increased.  Such  an  increase  in  the  affinity  of  one  carboxyl 
group  by  the  introduction  of  another  is  parallel  to  the  increase  which 
is  effected  in  phenol  by  the  introduction  of  chlorine  atoms  or  nitro- 
groups. 

The  influence  of  the  introduction  of  alkyl  groups  into  bibasic  acids 
of  the  oxalic  acid  series  has  been  studied  by  Bethmann  {Zeit.  physikal 
Chem.,  1890,  5,  403),  Walden  (ihid.,  1892,  8,  433),  and  Walker 
'(Trans.,  1892,  61,  696).  The  following  tables  of  "dissociation  con- 
stants "  have  been  compiled  from  their  papers. 


Malonic  acid,  0  -171. 


Methyl- 
Ethyl-.. 
Propyl- . 
Benzyl- 


0-086 
0-127 
0-113 
0-151 


Dimethyl- 
Diethyl-  . 
Dipropyl- 
Dibenzyl- 


0-076 
0-74 

4-1 


Succinic  acid,  0-00665. 


Anti. 

Para. 

Methyl- 

0  -0086 
0  -0085 
0  -0089 
0  -0091 

0  -0122 
0  -0245 

0  -0204 

Ethyl 

Diethyl- 

0  -0343 

Propvl-    

Methylbenzyl 

Ethylbenzyl- 

0  -0219 

Benzyl-    , 

0  -0261 

Glutaric  acid,  0  -00475. 


Anti. 

Para. 

Methyl- 

0-0052 

Dimethyl- 

0-0053 
0  -0055 

0  -O055 

Ethyl- 

Diethyl- 

Metbylpropyl- 

0  -0055 

0 -0059 
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Pimelic  acid,  0  '00357. 


Dimethyl-* 
Diethyl-. .  . 
Dipropyl-  . 
Dibenzyl-  . 


0-00339 
0  -OOS-IS 
0  -0032 
0  -0048 


Altliongh  there  are  some  irregularities  which  require  explanation, 
the  figures  in  the  above  tables  bring  out  clearly  the  fact  that  an  in- 
crease in  the  conductivity  of  a  bibasic  acid  is  effected  by  the  introduc- 
tion of  alkyl  groups,  and  the  heavier  the  group  the  greater  is  its 
influence.  The  benzyl  group  on  account  of  its  mass,  but  probably 
more  by  reason  of  its  acid  character,  appears  to  have  an  especial  in- 
fluence on  the  conductivity.  Further,  as  the  distance  between  the 
two  carboxyls  is  increased,  the  efiect  of  the  introduction  of  alkyl 
groups  is  diminished. 

In  view  of  the  relations  which  have  already  been  brought  out,  it  is 
of  great  interest  to  compare  the  constants  of  tetracarboxylic  acids 
with  those  of  the  corresponding  dicarboxylic  acids.  The  only  cases 
which  appear  to  have  been  investigated  hitherto  are  the  dimethyl- 
•and  diethyl- derivatives  of  pentanetetracarboxylic  acid ;  in  each  case, 
as  Walker  has  found,  the  affinity  of  the  acid  is  enormously  increased 
by  the  close  proximity  of  the  two  carboxylic  groups  at  either  end  of 
the  molecular  chain. 


Pimelic  acid. 


Pentanetetracarboxylic 
acid. 


Dimethyl- 

Diethyl-  . 


0  -00339 
0  -00345 


0-37 
2-1 


Eatio. 


1  :  109 
1  :608 


The  new  dialkyl-derivatives  of  adipic  acid  and  of  butanetetra- 
carboxylic  acid,  described  in  the  preceding  paper,  are  now  in  the 
Jhands  of  Dr.  J.  Walker. 

Other  facts  recorded  in  the  preceding  paper  also  have  a  bearing  on 
the  present  subject.  It  was  found  that  the  quadribasic  potassium 
.salts  of  dimethyl-,  diethyl-,  and  dicetyl-butanetetracarboxylic  acids 
are  alkaline  to  litmus,  and  the  indefinite  character  of  the  final  colour 
Kjhange  showed  that  long  before  the  theoretical  quantity  of  alkali 
had  been  added,  the  acids  had  been  almost  completely  neutralised ; 
■and,  farther,  the  neutral  silver  and  calcium  salts  of  dicetyl-  and 
•dibenzyl-butanetetracarboxylic  acids  were  found  to  be  bibasic. 
This  fact,    apparently  so  anomalous,   is  in    measure  understood   on 


*  The  dialkylpimelic  acids  have  not  been  separated  into  two  modifications. 
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recalling  that  in  the  tetracarboxylic  acids  there  are  two  carboxyl 
groups  attached  to  one  carbon-atom  at  either  end  of  the  molecular 
structure,  thus 

Such  a  juxtaposition  of  negative  groups  we  have  seen  enormously 
increases  the  affinity  of  the  acid,  but  so  soon  as  a  bibasic  salt  is 
formed,  for  instance 

the  strengthening  influence  of  one  carboxyl  on  another  no  longer 
exists,  and  instead  we  have  the  influence  of  the  group  COOK  on  the- 
group  COOH,  with  the  result  that  the  salt  although  dicarboxylic 
has  little  or  no  acid  action.  When  R  is  the  alkyl  group  methyl  or 
ethyl,  the  bibasic  salts  have  a  slight  acid  action,  and  quadribasic  salts 
were  obtained;  whereas  when  R  is  the  heavier  group,  benzyl  or 
cetyl,  it  was  not  found  possible  to  prepare  quadribasic  salts. 

The  facts  which  have  been  adduced  show  clearly  that  the  chemical 
activity  of  a  polybasic  acid  is  a  complex  function  of  the  affinities  of 
the  several  groups  which  it  contains,  and  that  the  influence  of  one  or 
more  groups  cannot  be  removed  without  affecting  those  of  the  rest. 
The  chemical  character  in  fact  of  an  element  or  group  of  elements- 
within  a  molecule  depends  not  alone  on  itself,  but  also  on  the  nature- 
and  position  of  those  in  the  vicinity  of  which  it  is  found. 

The  Owens  College, 
Manchester. 


LXXXII. — CMorination  of  Aniline. 
By  J.  J.  SoDBOKOUGH,  B.Sc,  Ph.D. 

For  the  continuation  of  the  work  on  the  "esterification  "  of  aromatic- 
acids,  which  Professor  Victor  Meyer  and  I  have  been  carrying  on 
during  the  past  year  (Ber.,  27,  510  and  1580),  it  was  of  importance 
to  obtain  the  symmetrical  2:4:  6-trichlorbenzoic  acid  [COOH  =  1], 
and  it  seemed  probable  that  this  acid  might  be  prepared  from 
sj^mmetrical  trichloraniline  in  the  same  way  as  2  :  4  :  6-tribromobenzoic 
acid  is  from  symmetrical  ti'ibromaniline. 

Trichloraniline. — According  to  Beilstein,  2:4:  6- trichloraniline- 
has  only  been  obtained  in  small  quantities,  first  by  A.  W.  v.  Hofmann 
(Annalen,  53,  35),  by  the  action  of  chlorine  on  aniline — the  amount 
obtained  was  so  small  that  it  merely  sufficed  for  one  analysis — and 
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afterwards  by  Wenghoffer  (/.  pr.  Chem.   [2],  16,  449),  by  the  action 
-of  sulphuryl  chloride  on  aniline. 

Attempts  to  obtain  substitution  products  of  aniline  by  the  action 
■of  chlorine  in  the  presence  of  water  proved  fruitless,  as,  in  all  cases, 
even  with  chlorine  water  at  0°,  the  aniline  was  oxidised,  with  pro- 
duction of  green  colouring  matters.  By  acting  on  a  solution  of 
nniline  in  carbon  bisulphide,  a  fair  amount  of  the  trichlorinated 
derivative  was  obtained,  but  usually  coloured  green. 

The  best  method  appears  to  be  to  work  with  a  solution  of  aniline 
in  chloroform.  50  grams  of  aniline  were  dissolved  in  500  grams  of 
chloroform,  and  the  solution,  without  any  external  cooling,  was  satu- 
rated with  dry  chlorine.  After  several  hours,  the  liquid  became 
•semi-solid,  from  separation  of  the  hydrochlorides  of  aniline  and  of  its 
chlorinated  derivatives,  and  as  soon  as  the  solution  smelt  strongly  of 
•chlorine  the  solid  product  was  collected  and  rapidly  dried  on  porous 
plates ;  about  90  grams  of  the  mixed  hydrochlorides  were  thus  ob- 
tained, from  which  the  trichloraniline  was  separated  by  extracting  the 
mass  with  cold  water  ;  the  hydrochlorides  of  aniline,  monochloraniline 
and  dichloraniliue  are  dissolved,  whilst  the  trichloraniline  hydro- 
chloride is  decomposed  and  the  base  set  free.  The  crystalline  residue 
was  a  little  discoloured  and  melted  at  75° ;  when  purified  by  sublima- 
tion on  the  water-bath,  it  formed  long,  colourless,  silky  needles, 
melting  at  77"5°.     On  analysis,  the  following  result  was  obtained. 

Tlieory,  Found. 

CI 54*19  per  cent.  54*18  per  cent. 

In  order  to  see  what  other  substitution  products  were  formed,  the 
aqueous  filtrate  from  the  trichloraniline  was  distilled  in  a  current  of 
steam,  and  the  distillate  rendei^ed  alkaline  by  caustic  potash.  By 
this  means,  a  small  quantity  of  colourless  needles  was  obtained. 
These  melted  at  63°,  and  proved  to  be  2  :  4-dichloraniline. 

Theory.  Found. 

CI 43*82  per  cent.  43*46  per  cent. 

The  residue  was  then  rendered  alkaline  and  again  submitted  to 
steam  distillation,  the  oil  which  passed  over  being  extracted  with 
■ether  and  then  fractionated.  The  portion  which  passed  over  above 
200°,  on  cooling,  deposited  large,  prismatic  crystals,  which,  after 
sublimation,  melted  at  69 — 70°,  and,  on  analysis,  proved  to  be  para- 
chloraniline. 

Theory.  Found. 

CI 27*84  per  cent.  27*46  per  cent. 
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From  50  grams  of  aniline  I  have  thus  obtained — 

30  „  2:4:  6-trichloraniline. 

2  ,,  2  :  4-dichloraniline. 

5  .,  parachloraniline. 

and        20-30  „  aniline  recovered. 

In  other  experiments,  as  much  as  50  per  cent,  of  the  theoretical 
yield  of  trichloraniline  vv^as  obtained,  and,  no  doubt,  the  yield  can  be- 
made  much  greater. 

2:4:  6-Trichlorohenzoic  acid,  C6H2CVCOOH. 

To  prepare  this  acid,  symmetrical  trichloraniline  was  (w^ithout 
purification)  diazotised,  and  then  slow^ly  added  to  a  hot  solution  of 
cuprous  potassium  cyanide  to  convert  it  into  the  nitrile  ;  the  product,, 
which  was  very  dark  coloured,  and  mixed  with  unaltered  trichlor- 
aniline, was  hydrolysed  by  heating  with  excess  of  concentrated 
hydrochloric  acid  at  200°. 

The  acid,  isolated  in  the  same  manner  as  the  corresponding  brom- 
inated  acid  (Ber.,  27,  512),  was  purified  by  recrystallisation  from 
boiling  water.  It  forms  long,  prismatic  needles,  melts  at  160°,  and 
is  readily  soluble  in  alcohol,  ether,  chloi*oform,  and,  to  some  extent,, 
in  boiling  water. 

0-2000  gave  0-3798  AgCl;  CI  =  46-98. 

CH^Cls-COOH  requires  CI  =  47-22  per  cent. 

This  acid,  like  all  the  other  symmetrically  tri-substituted  benzoic- 
acids,  yields  no  "  ester  "  when  dissolved  in  alcohol  and  saturated  with 
dry  hydrogen  chloride. 

2 -A  :  6-Trichlorohenzoyl  chloride,  CeHgCls-COCl  [COCl  :  CI3  = 
1:2:4:6]. 

This  is  readily  obtained  by  the  action  of  phosphorus  pentachloride- 
(1  mol.)  on  the  trichlorinated  acid  (1  mol.).  It  is  a  colourless  oil, 
which  boils  at  275°  and  has  a  pungent  odour,  resembling  that  of 
benzoyl  chloride. 

0-3060  gave  0'7090  AgCl;  CI  =  57-33. 

CeHaCVCOCl  requires  CI  =  68'19  per  cent. 

This  chloride  is  characterised  by  its  remarkable  stability ;  when 
boiled  with  a  large  excess  of  water  for  10  minutes,  a  trace  only  of 
hydrochloric  acid  was  found  in  the  solution,  showing  that  practically 
no  decomposition  had  taken  place.  The  acid  chloride  was  also  heated 
on  the  water-bath  with  methylic  alcohol,  and,  on  evaporating  the 
alcohol,  an  oil  was  left  which,  on  analysis,  proved  to  be  the  original 
chloride,  and  not  methylic  trichlorobenzoate. 
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Tlie  extraordinary  stability  of  this  acid  chloride  sug-gests  the  pos- 
sibility that  all  acid  chlorides  of  the  general  formula  R  :  COCl :  R  = 
6:1:2  are  extremely  stable  substances,  and  not  readily  decomposed 
by  water  or  alcohol,  just  as  the  corresponding  acids  do  not  form 
"  esters  "  under  the  usual  treatment. 

The  Oxvens  College, 
AJa7ichester. 


LXXXTII. — TJie  Electromotive  Force  of  Alloys  in  a 

Voltaic  Cell. 

By  A.  P.  Laukie,  M.A. 

Ox  former  occasions,  I  have  brought  before  the  Society  (Trans.,  1889, 
65,  677)  the  results  obtained  in  testing  theE.M.F.  of  alloys  in  voltaic- 
cells  with  the  view  of  throwing  further  light   on  their   constitution. 
Briefly,  the  method  can  best  be  explained  by  taking  an  example. 

If  we  place  a  plate  of  copper  and  a  plate  of  zinc  in  a  solution,  we 
shall  get  an  E.M.F.  between  the  zinc  and  copper  which  can  be  mea- 
sured on  a  Thomson  electrometer;  if,  on  the  other  hand,  we  sub- 
stitute a  copper  plate  for  the  zinc  there  will  be  practically  no  E.M.F. 
between  copper  and  copper.  If  we  now  attach  a  small  piece  of  zinc 
to  the  surface  of  one  of  the  copper  plates  beneath  the  liquid  we  shall 
again  get  approximately  the  E.M.F.  between  zinc  and  copper,  and  if  we 
suppose  that  the  zinc,  even  if  present  in  minute  quantities,  was  mixed 
with  the  copper  throughout  its  mass,  it  would  polarise  the  copper  • 
plate,  and  the  compound  plate  would  give  an  E.M.F.  approximately 
the  same  if  it  consisted  of  zinc  alone.  If,  however,  the  zinc  had 
entered  into  combination  with  the  copper,  it  would  no  longer  be 
able  to  polarise  the  copper  plate,  and  we  should  be  dealing  with  a 
new  metal  instead  of  a  mixture  of  two  metals.  Furthermore,  if  zinc 
forms  such  a  compound  with  copper,  it  may  be  expected  to  have  a 
definite  composition,  and  consequently,  if  the  proportion  of  zinc  • 
present  in  this  plate  is  gradually  increased,  we  should  expect  to  ■ 
reach  a  point  at  which  the  copper  was  saturated  with  zinc,  and  any 
additional  zinc  being  merely  mixed  with  the  metallic  compound  would 
cause  an  abrupt  rise  in  the  E.M.F. 

1  have  shown  informer  papers  that  such  an  abrupt  rise  takes 
place  in  the  case  of  the  zinc-copper  alloys,  the   discontinuity  in   the 
curve  representing  the  E.M.F.  occurring  at  a  point  corresponding  to  • 
an  alloy  of  the  formula  CuZuz. 

In  the  case  of  the  copper-tin  alloys,  the  discontinuity  occurs  at 
CuaSn.      On  comparing   this   result  with    the   measurement  of  the 
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•electrical  resistances  of  the  copper-tin  alloys  by  Professor  Lodge  and 
Professor  Roberts-Austen,  a  confirmation  of  the  view  that  CugSn  is  a 
compound  is  obtained. 

As  is  well  known,  Matthiessen  obtained  four  types  of  curves  as 
the  result  of  his  measurements  of  the  electrical  resistance  of  alloys. 
First  he  found  that  in  certain  alloys  the  conductivity  was  propor- 
tional to  the  amount  of  each  metal  present,  the  curve  being  a  straight 
line  joining  the  conductivity  of  the  two  metals. 

In  the  second  type  of  curve,  the  conductivity  rapidly  diminished 
■on  the  addition  of  only  a  small  quantity  of  the  metal  having  the 
lower  conductivity,  and  then  became  practically  a  straight  line  join- 
ing the  curve  representing  the  metal  of  lower  conductivity. 

In  the  third  type  of  curve,  the  electrical  conductivity  diminished 
rapidly  on  the  addition  of  a  small  quantity  of  either  metal  to  the 
other,  thus  producing  a  (J -shaped  curve.  In  all  these  cases  there 
is,  as  Matthiessen  truly  points  out,  no  indication  of  the  formation  of 
a  compound,  the  changes  in  conductivity  being  brought  about  by 
such  small  traces  of  the  metals  that  we  must  regard  it  rather  as  a 
case  of  allotropic  modification.  There  was,  however,  another  form  of 
curve  which  he  obtained  in  the  case  of  the  gold-tin  alloys  in  which 
discontinuities  occurred  in  the  case  of  intermediate  mixtures  of  the 
metals,  the  curve  having  the  form  of  a  \/\/,  and  he  suggested  that 
the  two  minimum  points  and  the  maximum  point  represented  three 
different  compounds  between  gold  and  tin.  It  is,  however,  I  think, 
equally  open  to  us  to  regard  these  results  as  being  due  to  the  forma- 
tion of  a  single  compound  of  the  percentage  composition  correspond- 
ing to  the  maximum  point  of  the  curve,  and  to  suppose  that  the  two 
portions  of  the  curve  on  each  side  of  the  maximum  point  are  similar 
to  the  \J  curves  obtained  in  other  cases,  the  compound  behaving 
like  a  new  metal.  In  the  case  of  the  copper-tin  alloys  referred  to 
above,  Lodge  and  Roberts- Austen  have  found  a  maximum  point 
■corresponding  to  the  alloy  CusSn. 

In  the  case  of  the  gold-tin  alloys,  I  have  already  shown  that  a 
•discontinuity  occurs  in  the  curve  of  E.M.F.  at  the  percentage  com- 
position AuSn  which  corresponds  with  the  maximum  point  in 
Matthiessen's  curve  of  electric  conductivity,  and  that  in  the  case  of 
the  tin-lead,  tin-cadmium,  zinc-lead,  tin-zinc,  and  lead-cadmium 
alloys  which  Matthiessen  regards  merely  as  mixtures,  there  is  no 
indication  of  the  existence  of  a  compound,  the  E.M.F.  rising  in  each 
case  on  the  addition  of  a  small  quantity  of  the  more  positive  metal. 

As,  therefore,  the  results  obtained  by  this  new  method  have  so  far 
agreed  with  those  obtained  by  measuring  the  electrical  conductivity 
of  the  alloys,  I  thought  it  as  well,  before  using  the  method  for  ex- 
ploring new  regions,  to  apply  it  systematically  to  each  of  the  groups 
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of  alloys  whicb.  are  given  in  Matthiessen's  paper  oa  the  electric  con- 
ductivi,ty  of  alloys  (Trans.  Eoy.  Soc,  1860,  vol.  150,  p.  161). 

The  number  of  groups  of  alloys  of  which  he  determined  the  electrical 
conductivity  in  this  paper  is  19 ;  I  have  already  published  the  re- 
sults of  my  examination  of  the  E.M.F.  of  six  of  these,  leaving  13,  and 
now  add  a  considerable  number  of  fresh  results.  These  can  be  divided 
into  two  groups,  namely,  those  which,  on  the  introduction  of  2  per 
cent,  to  3  per  cent,  of  the  more  positive  metal,  give  at  once  the 
full  E.M.F.  due  to  that  metal,  and  those  which  show  a  gradually 
increasing  "E.M.F.  as  more  and  more  of  the  more  positive  metal 
is  added,  approximating  to  a  maximum  on  the  addition  of  some 
20 — 30  per  cent.  In  no  case  has  a  discontinuity  been  discovered  such 
as  that  obtained  in  the  case  of  the  gold-tin,  copper-tin,  and  copper- 
zinc  alloys,  thus  confirming  by  my  method  Matthiessen's  conclusion 
that  in  the  case  of  these  alloys,  with  the  exception  of  gold-tin, 
nothing  in  the  way  of  chemical  combination  takes  place. 

These  results,  together  Avith  those  already  published,  include  16  of 
the  19  alloys  described  by  Matthiessen,  the  silver-tin  and  gold-copper 
alloys  being  excluded,  as,  owing  to  some  cause  which  I  have  not  yet 
been  able  to  discover,  the  readings  obtained  with  these  alloys  and 
metals  were  so  very  irregular  that  I  do  not  feel  justified  in  publish- 
ing them  until  1  have  discovered  the  source  of  these  irregularities  ; 
there  was  no  indication,  however,  of  the  existence  of  a  compound  in 
the  case  of  these  alloys. 

With  reference  to  the  two  groups  of  alloys,  namely,  those  giving  an 
immediate  high  E.M.F.,  and  those  which  give  a  gradually  rising  one, 
there  is  no  sharp  dividing  line,  as  it  is  rather  a  difference  of  degree 
than  difference  of  kind  ;  nor  do  the  two  groups  correspond  exactly 
with  Matthiessen's  two  groups,  namely,  alloys  which  are  merely  mix- 
tures, and  alloys  which  produce  an  allotropic  change. 

It  is  furthermore  to  be  noted  that  whilst  careful  repetitions  of 
the  measurements  always  result  in  a  similar  curve  being  obtained, 
the  readings  will  not  be  exactly  the  same  in  each  case  for  an  alloy  of 
the  same  percentage  composition.  This  is,  I  think,  to  be  expected  if 
we  consider  these  results  as  due  to  something  corresponding  to  the  case 
of  an  aqueous  solution  of  a  salt.  It  is  easily  understood  that  on  the 
solidification  of  such  a  solution,  the  conditions  will  not  be  precisely 
the  same  on  any  two  separate  occasions,  or  in  two  different  parts  of 
the  alloy,  and  consequently  the  E.M.F-  obtained  must  differ  slightly 
for  different  preparations  of  the  alloy. 

The  method  employed  has  been  to  prepare  small  samples  of  the 

alloys  from  approximately  pure  metals,  and,  by  means  of  a  Thomson 

quadrant  electrometer,  to  test  the  E.M.F.  in  voltaic  cells  of  various 

construction  against  that  of  a  standard  Daniell.    I  shall  first  give  the 

vox,.  LXV.  4   V 
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results  obtained  with  those  alloys  in  which  the  ^uH  E^^.F.  is  given  as 
soon  as  a  small  quantity  of  the  more  positive  metal  has  been  added. 

Bismuth  and  Tin. 

The  cell  used  consisted  of  a  solution  of  stannous  chloride  around 
the  tin  plate,  and  of  common  salt  around  the  bismuth  plate,  the  two 
solutions  being  separated  by  a  plug  of  filter  paper  in  a  --row  g^ss 
tube  Under  these  conditions  there  was  a  slight  E.MF.  of  0  07  volt 
between  bismuth  and  bismuth,  but  this  does  not  affect  the  results. 
The  Fi  M  F.s  obtained  were  as  follows. 

Tin  is  positive  to  bismuth.  The  results  given  are  the  means  of 
three  or  four  readings,  the  alloys  being  cleaned  and  scraped  between 

each  observation. 

.     ^  .  .         ,,  0-119  volt. 

Tm  against  bismuth '.  '.         ^,  ...to 

Alloy  (tin  5  p.  c,  bismuth  95  p.  c.)  against  bismuth  0  11^      „ 

(tin  50    „     bismuth  50     „   )        „  »  ^'^^^       " 

Bismuth  and  Lead. 

In  this  case,  the  bismuth  was  in  common  salt,  and  the  lead  in  a 

paste  of  lead  chloride.     Lead  is  positive  to  bismuth. 

^      ^         •     .!•       ,fi. 0-139  volt. 

Lead  against  bismuth ;  •  •  • 

Alloy  (lead  5  p.  c,  bismuth  95  p.  c.)  against  bismuth     0-1.54      „ 

Bismuth  and  Zinc. 
In  this  case,  both  metals  were  immersed  in  a   single   solution  of 
common  salt. 

Zinc  against  bismuth *, '. '  *  *  " '       n  tt;o  ^° 

Alloy  (5  p.  c.  zinc,  95  p.  c.  bismuth)  against  bismuth     O'lbb      „ 

This  result  is   slightly  lower,  showing  that  there  is  no  sharp   line 
bfetween  the  alloys  in  this  group  and  in  the  next. 

Bismuth  and  Gold. 
These  alloys  Avere  tested  in  a  solution  of  common  salt. 

Bismuth  against  gold •  •      ^'f^  ^^It. 

Alloy  (gold  95  p.  c,  bismuth  5  p.  c.)  against  gold.     0-41ii      „ 

Bismuth  and  Silver. 
Bismuth  in  common  salt;  silver  surrounded  by  a  paste  of  silver 
chloride.     Bismuth  is  positive  to  silver. 

Silver  against  silver T^oV''^^' 

Bismuth  against  silver 0102       „ 

Alloy  (97^  p.  c.  silver,  2|  p.  c.  bismuth )against  silver     01 12      „ 


OF  ALLOYS  IN  A  VOLTAIC  CELL.  1035 

Gold  and  Silver. 
Both  in  a  solution  of  common  salt.     Silver  is  positive  to  gold. 

Silver  against  gold 0'117  volt. 

Alloy  (95  p.  c.  gold,  5  p.  c.  silver)  against  gold.  . .      0'119       ,, 

Cadmium  and  Zinc. 

Both  in  a  solution  of  common  salt.     Zinc  is  positive  to  cadmium. 

Zinc  against  cadmium 0239  volt. 

Alloy  (5  p.  c.  zinc,  95  p.  c.  cadmium)  against  cadmium     0'216      „ 

Antimony  and  Tin. 

These  metals  were  tested  in  a  solution  of  common  salt.  Tin  is 
positive  to  antimony. 

Tin  against  antimony 0'211  volt. 

Alloy  (5  p.  c.  tin,  95  p.  c.  antimony)  against  antimony     0"188       ,, 

To  this  list  must  be  added  the  former  determinations  of  tin-lead, 
zinc-lead,  zinc-tin,  and  tin-cadmiam. 

We  next  come  to  the  alloys  which  show  a  gradual  rise  of  E.M.T^. 
as  the  more  positive  metal  increases  in  amount. 

The  first  examined  were  the  lead-antimony  alloys ;  several  different 
samples  of  these  were  prepared  and  tested,  using  different  types  of 
voltaic  cells. 

Antimony  and  Lead. 

The  readings  were  taken  with  both  the  alloy  and  the  antimony  in 
a  cell  of  sodium  chloride. 

E.M.r. 

I.  Antimony  containing    4*76  per  cent,  lead — antimony  0*123  volt. 

9-05        „  .,  „         0-169    „ 

13-4  „  „  „        0-182    „ 

16-8  „  „  „        0-215    „ 

Antimony  against  lead. 0*246    „ 

The  readings  given  in  II  were  taken  with  a  fresh  set  of  alloys, 
also  in  a  single  cell  of  sodium  chloride. 

E.M.F. 
II.  Antimony  containing    4*74  per  cent,  lead — antimony  0-057  volt. 

9-209       „  „  „        0-112    „ 

13-03        „  „  „        0-134    „ 

,17-03        „  „  „         0-155    „ 

Antimony  against  lead 0'207    „ 
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The  set  of  readings.  III,  taken  witH  the  same  set  of  alloys  as  in 
II,  only  with  the  antimony  in  an  inner  cell  containing  antimony 
chloride,  and  the  alloy  in  an  outer  cell  containing  sodium  chloride, 
gave  the  following  results. 

E.M.F. 

III. — Antimony  against  antimony 0"285  volt. 

Antimony  containing   4*74  per  cent. lead — antimony  0'358     „ 

9-209       „  „  „         0-415     „ 

13-03         „  ,.  „         0-434     „ 

17-03         „  .,  „         0-475     „ 

Antimony  against  lead 0494     ,, 

The  set  of  readings,  IV,  taken  with  the  same  alloys  under  the 
same  conditions  as  before,  except  that  the  alloys  were  in  an  outer  cell 
of  potassium  nitrate,  gave  the  following  results. 

E.M.F. 

IV. — Antimony  against  antimony. . . .  ,. 0-259  volt. 

Antimony  containing  4-74  per  cent,  lead — antimony  0-342 

9-209       „        „  „  0-.386 

1303         „        „  „  0-413 

17-03         „         „  „  0-415 

Antimony  against  lead 0-456 

In  V,  we  have  the  same  set  of  alloys  read  again  with  the  alloy  in 
an  outer  cell  of  magnesium  sulphate. 

E.M.F. 

V. — Antimony  against  antimony. 0-254  volt. 

Antimony  containing    4-74    percent,  lead — antimony  0-2903  ,, 

9-209        „        „  „  0342     „ 

13-031        „         „  „  0-386    „ 

17-03  .,         .,  „  0-435   „ 

Antimony  against  lead 0'451     ,, 

It  will  be  noticed  that  in  each  of  these  tables  the  E.M.F.  rises 
rapidly  in  a  continuous  curve. 

The  following  are  further  examples  of  a  gradually  rising  E.M.F, 

Lead  and  Gold. 

These  alloys  were  tested  in  a  solution  of  common  salt.  Lead  is 
positive  to  gold. 

Lead  against  gold 0523  volt. 

Alloy  (5  p.  c.  lead,  95  p.  c,  gold)  against  gold  ....  0-353      „ 

„      (7  p.  0.  lead,  93  p.  c.  gold)  „  0-468      „ 

„      (10  p.  c.  lead,  90  p.  c.  gold)  „  0-617      „ 
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LeaA  and  Silver. 
These  metals  were  tested  in  comrnon  salt.     Lead  is  positive  to 
silver. 

Lead  aorainst  silver 0'505  volt. 

Alloy  (lead  .5  p.  c,  silver  95  p.  c.)  against  silver.  . .      0"406      „ 
„      (lead  10  p.  c.,  silver  90  p.  c.)  „         ...      0-441      „ 

„      (lefid  15  p.  c,  silver  85  p.  c.)  „         ...      0*486      „ 

In  the  former  paper  (loc.  cit.),  the  E.M.F.  obtained  between  cad- 
mium and  lead  is  given  as  being  0"322  volt,  whilst  an  alloy  with 
8  per  cent,  cadminm  gave  0'264.  This  seems  to  show  that  this  alloy 
belongs  to  the  present  grntip,  and  I  have,  therefore,  tested  its  E.M.F. 
again  in  a  solution  of  common  salt. 

Cadmium  and  Lead. 

Cadminm  is  positive  to  lead. 

CarJmium  agninst  lead 0-197  volt. 

Alloy  (5  p.  c.  cadmium,  95  p.  c.  lead)  against  lead  . .      0176      ,, 

fhns  showing  a  slight  increase  of  E.M.F.,  which,  however,  disappears 
on  amalgamating  the  alloy,  so  that  this  alloy  can  probably  be  placed 
in  the  first  group. 

The  copper-silver  alloys  I  have  not  experimented  on,  and,  as 
already  stated,  satisfactory  results  were  not  obtained  with  gold-copper 
and  silver- tin. 

These  results,  inclnding  15  of  Matthiessen's  alloys  and  one  other 
alloy,  namely,  bismnth-zinc,  confirm  in  each  case  his  conclusion  that 
in  these  alloys  no  compound  of  the  metals  exists. 

I  have  also  repeated  the  former  measnrements  of  the  tin-gold  alloys, 
using  a  solution  of  common  salt  in  place  of  the  solutions  formerly 
used.  The  results  indicate  the  existence  of  a  gradnally  rising  E.M.F., 
suggesting  some  heat  of  solution,  as  well  as  the  abrupt  rise  of  E.M.F. 
which  marks  the  passage  over  the  compound. 

Gold  and  Tin. 

Tin  against  gold 0'4o5  volt. 

Alloy  (10  p.  c.  tin,  90  p.  c.  gold)  against  gold 0*191  „ 

(23  p.  c.  tin)  against  gold 0'261  „ 

0-266  „ 

0-311  „ 

0-297  „ 

0-311  „ 

0-396  „ 

0-428  „ 
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thus  indicating  a  gradual  rise  of  E.M.F.  up  to  the  36  per  cent,  alloy 
when  a  sudden  rise  of  nearly  one-tenth  of  a  volt  takes  place  on 
passing  this  point. 

The  results  of  amalgamating  these  gold-tin  alloys  is  somewhat 
curious.  In  both  the  copper-tin  and  the  copper-zinc  alloys  the  com- 
pound was  not  affected  by  amalgamat'on ;  but  in  the  case  of  tin-gold 
the  amalgamation  breaks  up  the  compound,  the  result  being  a  gradual 
rise  of  E.M.F.  throughout  the  series  of  alloys. 

Tin  and  Gold  Amalgamated. 

Tin  against  gold 0*492  volt. 

Alloy  (  5  p.  c.  tin,  95  p.  c.  gold)  against  gold 0'270 

0-290 

0-280 

0-310 

0-320 

0-340 

0-330    ., 

0-360    „ 

This  curve  has  not  been  investigated  beyond  this  point. 

This  result  suggested  the  possibility  of  displacing  one  metal  in  the 
compound  by  another,  and  I  accordingly  decided  to  try  and  displace 
the  tin  in  the  copper-tin  alloy  by  zinc.  The  results  obtained  cer- 
tainly indicate  that  this  takes  place.  The  copper-tin  alloy  contained 
35  per  cent,  of  tin,  which  is  a  little  less  than  that  necessary  to  form 
a  compound  between  copper  and  tin,  and  gave  an  E.M.F.  against 
copper  of  0-057  volt.  To  this  the  same  weight  of  zinc  as  there  was 
copper  in  the  alloy  was  added,  and  the  triple  alloy  gave  an  E.M.F. 
against  copper  of  0-259  volt,  whilst  tin  against  copper  gave  0-272 
volt,  and  zinc  against  copper  gave  0-840  volt,  and  an  alloy  of  zinc 
50  per  cent,  with  copper  50  per  cent,  against  copper  gave  0-098.  Con- 
sequently the  E.M.F.  obtained  from  the  triple  alloy  agi^eed  closely 
with  that  obtained  from  tin,  but  was  much  below  that  obtained  from 
zinc,  indicating  that  the  zinc  had  combined  with  the  copper  and 
turned  out  the  tin. 

If  the  results  obtained  by  Matthiessen  and  others  as  to  the 
existence  of  compounds  between  metals  are  examined,  it  will  at 
once  be  evident  that  there  is  no  apparent  explanation  of  why 
certain  metals  do,  and  other  do  not,  combine,  nor  do  the  results 
bear  any  obvious  relationship  to  Mendeleeff's  table.  It  is  remark- 
able, for  instance,  that  two  metals  like  lead  and  zinc  do  not 
combine,  and  it  occurred  to  me  as  a  possible  hypothesis  that  these 
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results  might  be  due  to  the  dissociation  of  the  compound  at  the  tem- 
perature of  fusion  of  the  metals.  I  only  mention  this  possible  expla- 
nation to  point  out  that  I  have  been  unable  to  obtain  any  evidence  of 
its  correctness.  I  find  that  alloys  of  lead  and  zinc  which  have  been 
lowered  in  melting  point  by  the  introduction  of  bismuth  or  mercury, 
still  indicate  the  presence  of  free  zinc,  showing  that  lowering  the 
melting  point  does  not  enable  the  zinc  and  lead  to  combine ;  the 
explanation,  therefore,  must  be  sought  elsewhere. 

The  investigation  of  this  question  seems  to  me  important,  as  we  do 
not  know  at  present  how  many  of  the  elements  will  combine  two  and 
two,  and  investigation  of  a  sufficient  number  of  alloys  should  finally 
lead  to  some  conclusions  from  which  a  law  of  combination  among  the 
elements  mifjht  be  derived. 
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Sakurai,  J.,  constitution  of  glycocine- 
and  its  derivatives,  Peoc,  1894,  90. 

Schunck,  E.,  and  L.  Marchlewski, 
notes  on  madder  colouring  matters,. 
182. 

Sell,  W.  J.,  and  T.  H.  Easterfiehl,. 
studies  on  citrazinic  acid,  828. 

Sell,  W.  J.  See  also  T.  H.  Easter- 
field. 

Sims,  W.  E.     See  W.  Holt. 

Smith,  C,  the  natural  oxycelluloses, 
472. 

note  on  the  estimation  of  furfural^ 

479. 

Smith,  E,  A.,  notes  on  the  cupellation 
of  bismuth  silver  alloys,  624. 
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Smithells,  A.,  and  F.  Dent,  the 
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gen flame,  603. 
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Sudborough,  J.  J.,  chlorination  of 
aniline,  1028. 
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Cheltenham,  772. 

Thorpe,  T.  E.,  and  J.  W.  Eodger, 
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solubility  of  a  gas  and  the  viscosity 
of  its  solvent,  782. 

Thudichum,  J.  L.  W.,  the  action  of 
benzoic  chloride  on  urine  in  presence 
of  alkali :   formation  of  benzoic   de- 


INDEX  Otr  AUTHORS. 


1045 


rivatives  of  urochrome,  Peoc,  1893, 
238. 

Tilden,  "W.  A.,  and  M.  O.  Forster, 
action  of  nitrosyl  chloride  on  unsatu- 
rated compounds,  324. 

Tilden,  W.  A.,  and  J.  H.  Millar, 
note  on  the  action  of  nitrosyl  chloride 
on  amido-derivatives  of  benzenoid 
hydrocarbons,  Peoc,  1894,  59. 

Tit  her  ley,  A.  W.,  sodium,  potassium, 
and  lithium  amides,  504. 

Travers,  M.  W.  See  E.  T.Plimp- 
ton. 

Truman,  E.  B.,  apparatus  for  the  ex- 
traction for  analysis  of  gases  dissolved 
in  water  and  other  liquids,  43. 
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and  the  crystallographical  characters 
of  isomorphous  salts  :  a  crystallo- 
graphical study  of  the  normal  sul- 
phates of  potassium,  rubidium,  and 
cffisium,  628. 
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Veley,  V.  H.,  the  inertness  of  quick- 
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Walker,  J.,  the  boiling  points  of  homo- 
logous compounds.  Part  I.  Simple 
and  mixed  ethers,  193. 

the  boiling  points  of  homologous 

compounds.     Part  II,  725. 

note  on  the  constitution  of  glyco- 

cine,  Peoc,  1894,  94. 
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Hooker. 
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And  also  to  such  papers  as  appeared  in  the  Proceedings  during  the 
Session  1893—1894  (Nos.  128—141;  November,  1893,  to  July, 
1894),  but  not  in  Transactions  (marked  Proc). 


A. 


Acenaphthylene,    action     of     nitrosyl 

chloride  on,  327. 

colour  of,  Peoc,  1893, 206. 

constitution  of,  Peoc,  1893,  207. 

Acetaldeliyde,    condensation    of,    with. 

y3-hydroxy.o-naphthaquinone,  82. 
Acetaldoxime,   action   of    acetic    anhy- 
dride on  the  isomeric  forms  of,  213, 

215. 
action  of  phosphorus  pentachlo- 

ride  on  the  isomeric   forms  of,  216, 

218. 
action   of   phosphorus   trichloride 

on  the  isomeric  forms  of,  220. 

isomeric  forms  of,  209. 

Acetamide,  action  of  phosphorus  penta- 

chloride  on,  219. 
Acetanilide,  action  of  nitrosyl  chloride 

on,  Pboc,  1894,  60. 
Acetic   acid,  brom-,  magnetic    rotation 

of,  406,  408,  425. 
chlor-,  magnetic  rotation  of, 

403,  421. 
■ dibrom-,    magnetic    rotation 

of,  406,  408,  425. 
dichlor-,   magnetic    rotation 

of,  405,  414,  422. 
■ magnetic    rotation    of,   405, 

414,  421. 
tribrom-,   magnetic    rotation 

of,  406,  426. 
trichlor-,   magnetic    rotation 

of,  405,  414,  422. 
Acetic  anhydride,  magnetic  rotation  of, 

824. 
Acetic    chloride,   action    of,   on    silver 

nitrate,  Proc,  1893,  256. 
Acetoformaldoxime,  Pkoc,  1894,  57. 
Acetyl,  magnetic  rotation  of  compounds 

supposed  to  contain,  815. 


Acetylacetone,   magnetic   rotation  of  a 

mixture    of,    with   acetic   anhydride, 

824. 
Acetyl-a-benzaldoxime,  crystallisation 

of,  Peoc,  1893,  255. 
Acetylbenzenazo-j9-cresol,  ^-clilor-, 

Peoc,  1894,  119. 
Acetylbenzene-/3-azo-a-naphtho],  and  its^ 

dibromo  derivative,  840. 
Acetylbenzoylaconine,  291. 
Acetylene,    metallic    derivatives    of, 

264. 
Acetylethylalizarin,  186. 
Acetylmethylpurpuroxanthin,  184. 
Acetyl-a-naphthalenazo-j8-naphthol, 

838. 
Acetyl-/3-naphthaleneazo-/3-naphthol, 

836. 
Acetyl-OT-nitrobenzeneazo-^-cresol,  838. 
Acetylrubiadin,  184. 
Acid,  C4H4O6,  obtained  by  the  oxidation 

of  tartaric  acid  in  presence  of  iron, 

899. 
Acid  chlorides  and  nitrates,  interaction 

of,  Peoc,  1893, 255. 
Acids,  fatty,  normal,  boiling  points  of, 

729. 
boiling  points  of  ethereal 

salts  of,  725. 

polybasic,  affinities  of,  1024. 

Aconine,  action  of  heat  on,  181. 

formula  of,  292. 

Aconite  alkaloids,  174,  176,  290. 
Aconitic   acid,   formation   of   pyrrohne 

derivatives  from,  9. 
Aconitine,  action  of  iodine  and  methylic 
iodide  on,  Peoc,  1894,  96. 

and  some  of  its  derivatives,  effect 

of  heat  on,  176. 

conversion     of,    into     isaconitiue, 

290. 
hydrolysis  of,  290. 


INDEX   OP   SUBJECTS. 


1047 


Aconitine,  iodo-,  Peoc,  1894,  97. 

perioclide,  Proc,  1894,  96. 

salts,  action  of  heat  on,  181. 

Adipic  acid,  homologues  of,  995. 
Aldehydes,      benzenoid,      condensation 

products  of,  191. 
condensation     of     j8-hydroxy-a- 

naphthaquinone,  76. 

normal,  boiling  points  of,  734. 

Aldoximes,  formation  of,  by  the  reduc- 
tion   of    aliphatic   nitro-compounds, 

Peoc,  1894,  139. 

paraffinic,  isomerism  of  the,  206. 

Alizarin,  monalkyl  ethers  of,  185. 
Alizarin-/3-carboxylic  acid,  847. 

nitro-,  848. 

Alkali  metals,  oxidation  of,  432. 

Alkyl     chlorides,     boiling     points     of, 

732. 
Alkylamines,  normal,  boiling  points  of, 

733. 
AUocrotonic    acid,    action    of    nitrosyl 

chloride  on,  328. 
Alloys,  behaviour  of,  in  a  voltaic  circuit, 

1031  :  Peoc,  1894,  145. 
electromotive  force  of,  in  a  voltaic 

cell,  1031. 
replacement     of     one     metal    by 

another  in,  1038. 

triple,  freezing  points  of,  65. 

-Vllylacetylacetone,  magnetic  rotation  of, 

817,  825. 
refractive  and  dispersive  power  of, 

819,  827. 
Ahimina,  behaviour   of,  at   high  tem- 
peratures, 314. 
phosphorescence  of,  in  a  vacuum, 

737. 
iluminium-gold-tin  alloys,  freezing 

points  of,  74. 
Ainidoazobenzene,    metanitro-,    Peoc, 

1894,  141. 
.Amines,  benzenoid,  action   of   nitrosyl 

chloride  on,  Peoc,  1894,  59. 
Ammonia   and  hydrogen  chloride,    in- 

Huence  of  moisture  on  the  combination 

of,  614. 
Anunonium  chloride,  influence  of  mois- 
ture on  the  action  of  lime  on,  612. 
influence  of  moisture  on  the 

dissociation  of,  615. 

hyponitrite,  Peoc,  1893,  210. 

oximidosulphonates,  558. 

Amylenic  nitrosochloride,  325. 
Amylidenedihydroxynaphthaquinone, 

a/3-anhydride  of,  84. 
Anethoil,  action  of  nitrosyl  chloride  on, 

330. 
Anhydrobishydrindone,  495. 

brom-,  497. 

Anhydrodiglutaric  acid,  831. 


Aniline,  action  of  nitrosyl  chloride  on, 

Peoc,  1894,  60. 

chlorination  of,  1028. 

2:4:  6-trichloro-,  1028. 

Anilines,  substituted,  action  of  nitrosyl 

chloride  on,  Peoc,  1894,  60. 
Anniversary  meeting,  336. 
Anthraquinone,  derivatives  of,  842. 
/3-Anthraquinonecarboxylic     acid,    sul 

phonation  of,  844. 
Antimonic  anhydride,  behaviour  of,  at 

high  temperatures,  314. 
Antimony -lead  alloys,  E.M.F.  of,  in  a 

galvanic  call,  1035. 
Antimony-tin   alloys,   E.M.F.    of,  in   a 

voltaic  cell,  1035. 
Arsenious  sulphide,  solutions  of,  Peoc, 

1894,  166. 
Atomic  weight  of  contained  metals  and 

the   crjstallographical   characters   of 

isomorphous  salts,  relation  between, 

628. 
Azelaic  acid,  synthesis  of,  86,  92. 
Azobenzene,  action  of  bromine  on,  51, 

53 ;  Peoc,  1893,  206. 
conversion    of,    into    tetrabromo- 

benzidine,  54. 

OT-nitro-,  Peoc,  1894,  143. 

ra-nitramido-,  Peoc,  1894,  141. 

jw-nitro-^J-iodo-,  Peoc,  1894,  142. 

perbromide,  54. 

structure  of,  51. 

tetrabromo-,  Peoc,  1893,  206. 

m-Azo- compounds,  Peoc,  1894,  140. 
Azo-compounds     of    the     ortho-series, 

834. 
Azo-^-cresol  derivatives,  Peoc,  1894, 

118. 


B. 


Balance  sheet  of  the  Chemical  Societv, 
from  March  16,  1893,  till  March  l(i, 
1894,  380. 

Balance  sheet  of  the  Research  Fund, 
from  March  16,  1893,  till  March  16, 
1894,  381. 

Barium  carbonate,  phosphorescence  of, 
736. 

chloride  freezing  points  of  solu- 
tions of,  311. 

oxide,  behaviour  of,  at  high  tem- 
peratures, 314. 

oximidosulphonates,  559. 

potassiunx    oximidosulphonates, 

561. 

• sodium  oximidosulphonates,  560. 

Benzaldehyde,  condensation  of,  with 
benzylamine,  191. 

condensation  of,  with  j8-hydroxy- 

a-naphthaquinone,  79. 
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«-Benzaldoxime,  action  of  alkyl  haloids 
on,  Peoc,  1893,  255. 

action  of  hydrogen  'chloride,  bro- 
mide, and  iodide  on,  Peoc,  1893, 
254. 

and  its  derivatives,  pi'operties  of, 

Peoc,  1893,  253. 

crystallisation  of,  Peoc,  1893, 253. 

sulphate,  Peoc,  1893,  255. 

|8-Benzaldoxinie,  dihydrofluoride,PEO0., 

1893,  254. 

sulphate,  Peoc,  1893,  255. 

Benzeneazo-jt?-cresol,  bromo-m-nitro-,  839. 

^-chloro-,  Peoc,  1894, 118. 

dibromo-,  Peoc,  1894,  118. 

ethyl  ether,  m-nitvo-,  839. 

>w-nitro-,  838. 

Benzeneazodimethylaniline,  reduction 

of,  882. 
Benzeneazo-a-naphthalene,  m-nitro-, 

Peoc,  1894,  141. 
Benzene-/3-azo-a-naphthol,  839. 
ethyl  ether   and   its  nitro-deriva- 

tive,  841. 

dinitro-,  840. 

Benzeneazophenol,     m-nitro-,     Peoc, 

1894,  143. 

Benzidine,  acetylation  of,  55. 

tetrabromo-,  acetylation  of,  55. 

• constitution  of,  56. 

conversion  of  azobenzene  into, 

54. 

Benzile  and  benzylamine,  interaction 
of,  in  presence  of  zinc  chloride,  Peoc, 
1894,  49. 

Benzoic  acid,  2:4: 6-trichloro-,  pre- 
paration of,  1030. 

Benzoic  chloride,  2:4:  6-trichloro-, 
1030. 

Benzoin,    preparation    of    2' :  3'-di- 
phenyUndoles  from,  by  the  action  of 
primary  benzenoid  amines,  889. 

Benzoylaconine,  291. 

Benzoylformaldoxime,  Peoc,  1894,  57. 

Benzylamidoacetic  acid,  189. 

Benzylamine,  and  benzenoid  aldehydes, 
condensation  products  of,  191. 

and    benzile,    interaction    of,    in 

presence    of    zinc    chloride,    Peoc, 
1894,  49. 

and  ethylic  chloracetate,  interac- 
tion of,  187. 

"  o-Benzyleneindene,"  494. 

Benzylglycocine,  189. 

Benzylidenebenzylamine,  191. 

Benzylidenedihydroxynaphthaquinone, 
79. 

— —  a^-anhydride  of,  81. 

/3-Benzylidene-a-hydrindone,  498. 

dibromide,  499. 

Benzyllophine,  Peoc,  1894,  49. 


Bismuth,  freeezing  points  of  alloys  of. 
in  thallium,  32,  34. 

• oxide,  behaviour  of,  at  high  teni- 

l^eratures,  314. 

Bismuth-cadmium-gold  alloys,  freeziug 
points  of  triple,  69. 

Bismuth-cadmium-silver  alloys,  freez- 
ing points  of,  73. 

Bismuth-gold  alloys,  E.M.F.  of,  in  a 
voltaic  cell,  1034. 

Bismuth-silver  alloys,  cupellation  of, 624. 

Bismuth-silver  alloys,  E.M.F.  of,  in  a 
voltaic  cell,  1034. 

Bismuth-tin  alloys,  E.M.F.  of,  in  a 
voltaic  cell,  1034. 

Bismuth-zinc  alloys,  E.M.F.  of,  in  a 
voltaic  cell,  1034, 

Boiling  points  of  ethereal  salts  of  nor- 
mal fatty  acids,  725. 

of    homologous    compound.-^, 

calculation  of  the,  193,  725. 

of    homologous    simple   and 

mixed  ethers,  194. 

Bromates,  effect  of  heat  on,  802. 

Bromine,  liquid,  molecular  weight  of, 169. 

Butane,  1 :  3-dibromo-,  962. 

Butanetetracarboxylic  acid,  1002. 

homologues  of,  995. 

Butea  frondosa,  colouring  matter  of  tlic 
flowers  of,  Peoc,  1894,  11. 

Butyric  acid,  a-bromo-,  magnetic  rota- 
tion of,  410,  429. 

aa/3-trichloro-,  magnetic  rota- 
tion of,  410,  423. 


c. 


Cadmium,  oxide,  behaviour  of,  at  liigli 
temperatures,  314. 

Cadmium-gold-bismuth  alloys,  freezing 
points  of,  69. 

Cadmium-gold-lead  alloys,  freezing 
points  of,  66,  67. 

Cadmium-gold-thallium  alloys,  freezing 
points  of,  70. 

Cadmium-lead  alloys,  E.M.F.  of,  in  a 
voltaic  cell,  1037. 

Cadmium-silver-bismuth  alloys,  freeziug 
points  of,  73. 

Cadmium-silver-lead  alloys,  freezing 
points  of,  72. 

Cadmium-silver-thallium  alloys,  freez- 
ing points  of,  72. 

Cadmium-silver-tin  alloys,  freezing 
points  of,  71. 

Cadmium-zinc  alloys,  E.M.F.  of,  in  a 
voltaic  cell,  1035. 

Caesium  potassium  and  rubidium  sul- 
phates, comparative  crystallography 
of,  628. 
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Ctesium  potassium  and  rubidium  sul- 
phates, comparative  optical  characters 
of,  697. 

Tolume     relations 

of,  649. 

sulphate  crystallography  of,  641. 

optical  properties  of,  674. 

Calcium  oxide,  action  of  chlorine  on,  2. 

and  ammonium  chloride,  in- 
fluence of  moisture  on  the  interaction 
of,  612. 

■  and  sulphuric  anhydride,  in- 
fluence of  moisture  on  the  interaction 
of,  611. 

behariour  of,  at  high  tem- 
peratures, 314. 

inertness  of,  1. 

phosphorescence  of,  736. 

oximidosulphonates,  565. 

sulphide,  phosphorescence  of, 

737. 

Camphene,  action  of  chlorine  on,  in 
presence  of  alcohol,  Peoc,  1894,  58. 

action  of  phosphorus  pentachloride 

on,  35,  37. 

bromo-,  Proc,  1894,  57. 

chloro-,  Pkoc,  1894,  57. 

halogen     derivatives     of,     Peoc, 

1894,  57. 

phosphorus-derivatives  of,  35. 

a-Camphenephosphonic  acid,  37. 

/3-Camphenephosphonic  acid,  38. 

Camphenephosphonic  acids,  action  of 
halogens  on  the  sodium  salts  of,  42. 

action  of  heat  on  the  sodium 

salts  of,  41. 

Camphor,  action  of  bromine  on,  Peoc, 
1894,  57. 

dilDromo-,    a    new,   Peoc,   1894, 

164. 

preparation    of    sulphonic-deriva- 

tives  of,  Peoc,  1894,  163. 

Camphoric  acid,  products  of  the  action 
of  fused  potash  on,  Peoc,  1894,  65. 

Camphorsulphonic  bromide,  Peoc, 
1894,  164. 

bromo-,  Peoc,  1894,  164. 

dextrorotatory,  Pkoc.  1894, 

165. 

chloride,     dextrorotatory,    Peoc, 

1894,  164. 

Caprylene,  action  of  nitrosyl  chloride 
on,  326. 

Carbamide,  freezing  points  of  solutions 
of,  307,  308. 

Carbon  and  iron,  chemical  relations  of, 
788. 

bisulphide,  combustion  of,  in  oxy- 
gen, 616. 

tetrabromide,  new  method  of  pro- 
ducing, 262. 


Carbonic  oxide,  combination  of,  with 
chlorine  under  the  influence  of  light, 
Peoc,  1894,  165. 

Celluloses  and  oxycelluloses,  atmo- 
spheric oxidations  of,  476. 

oxy-,  deoxidation  of,  478. 

hydrolysis  of,  478. 

natural,  472. 

Cerium  dioxide,  behaviour  of,  at  high 
temperatures,  314. 

Cheltenham,  mineral  waters  of,  772. 

Chemical  change,  influence  of  moisture 
on,  611. 

Chlorine,  action  of,  on  lime,  2. 

and  hydrogen,  influence  of  mois- 
ture on  the  interaction  of,  612. 

liberation  of,  during  the  heating  ii 

mixture  of  potassium  chlorate  and 
manganese  peroxide,  202. 

magnetic  rotation  of,  27. 

Cinnamaldehyde,  condensation  of,  with 
/8-hydroxy-a-naphthaquinone,  85. 

Cinnamene,  w-nitro-,  action  of  nitrosyl 
chloride  on,  327. 

Cinnamic  acid,  action  of  nitrosyl  chlor- 
ide on,  329. 

Citrazinamide,  preparation  of,  from 
ethylic  citrazinate,  29. 

reduction  of, with  sodium  amalgam, 

29. 

Citrazinic  acid,  28,  828. 

conversion    of    diammonium 

citrate  into,  28. 

dinitro-,  833. 

nitration  of,  831. 

sulphonation  of,  834. 

Citrazinyl  alcohol,  30. 

Citrazinylhydrobenzoin,  31. 

Cobaltosocobaltic  oxide,  behaviour  of, 
at  high  temperatures,  314. 

Colour,  the  origin  of,  Peoc,  1893,  206. 

Colouring  principles  of  l^entilago  ma- 
draspatana,  923. 

Corydalic  acid,  62. 

Corydaline.     Part  III.     57. 

distillation  of,  with  zinc  dust,  65. 

oxidation  of,  with  potassium  per- 
manganate, 57. 

Corydalinic  acid,  59. 

action  of  hydrogen  iodide  on, 

62. 

Crotonic  acid,  action  of  nitrosyl  chloride 
on,  328. 

Crystallographical  characters  of  iso- 
morphous  salts,  connection  between 
the  atomic  weight  of  contained  metals 
and  the,  628. 

Cuminaldchyde,  condensation  of,  with 
/3-hydroxy-a-naphthaquinoue,  85. 

Cyanogen,  flame,  structure  and  chemis- 
try of  the,  603. 


lOoO 


IXDEX   OF   SUBJECTS. 


D. 

Deliydracetic  acid,  salts  of,  254. 

Deviation,  molecular,  of  ethereal  salts 
of  active  diacetylgly eerie  acid,  750. 

Disicetyladipic  acids,  1016. 

Diacetylbutanetetracarboxylic  acid, 
1014. 

Diacetylglyceric  acid,  active,  the  maxi- 
mum molecular  deviation  in  the  series 
of  the  ethereal  salts  of,  750. 

influence  of  temperature  on 

the  rotatory  power  of  ethereal  salts 
of,  765. 

Dibenzyladipic  acids,  1021. 

Dibenzylbutanetetracarboxylic  acid, 
1019. 

Dibenzyl-ay-diacipiperazine,  190. 

Dibenzyllophinium  chloride,  Peoc, 
1894,  49. 

Didymiuni,  oxide,  behaviour  of,  at  high 
temperatures,  314. 

Diethyladipic  acids,  1009. 

Diethylbutanetetracarboxylic  acid,  1007. 

oa'-Diglutaric  acid,  830. 

Dihvdropentenecarboxvlic  acid,  bromo-, 
981. 

Dihydropentenedicarboxylic  acid,  983. 

Dihydrotetrenecarboxylic  acid,  bromo-, 
969. 

Dihydrotetrenedicarboxylic  acid,  975. 

bromo-,  978. 

•  anhydride,  977. 

Dihydroxydiketopyridine,  amido-,  833. 

^ —  nitro-,  832. 

uioio-Dihydroxyhexane,  598. 

Diliydroxymethylanthraquinone  from 
mang-koudu,  863. 

Dihydroxytetramethylenedicarboxylic 
acid,  972. 

Dimethylacetylacetone,  magnetic  rota- 
tion of,  815,  824. 

Dimethylacrylic  acid,  Peoc,  1894,  64. 

Dimethyladipic  acids,  1005. 

Dimethylaniline,  action  of  nitrosyl 
chloride  on,  Proc,  1894,  60. 

Dimethylbutanetetracarboxylic  acid, 
1004. 

|3<,-Dimethylglataric  acid,  Pboc,  1894, 
'64. 

anhydride,  Pkoc,  1894,  65. 

Dimethylpropanetricarboxylic      acid, 
Proc,  1894,  65. 

/3j3-Dinaphthyl,  877. 

Uinaphthyldiquinone,  321. 

Dijihenylamine,  action  of  nitrosyl  chlo- 
ride on,  Peoc,  1894,  60. 

2'  :  3'-Diphenylindole,  preparation  of, 
892. 

2'  :  3'-Diphenylindole8,  preparation  of, 


from  benzoin  and  primary  benzeno'id 
amines,  889. 

2'  :  3'-Diphenyl-a-naphthindole,  896. 

compound  of,  with  acetone,  897. 

compound  of,  with  diethyl  ketone, 

897. 

compound  of,  with  methyl  ethyl 

ketone,  897. 

2'  :  3'-Diphenyl-/3-naphthindo]e,  897. 

compound  of,  with  acetone,  898. 

2'  :  3'-Diphenyl-o-toluindole,  893. 

compound  of,  with  acetone,  895. 

2'  :  3'-Diphenyl-j3-toluindole,  896. 

compound  of,  with  acetone,  896. 

Disodimide,  non-existence  of,  507. 

Dissociation  of  ammonium  chloride,  in- 
fluence of  moisture  on,  615. 

of  nitrogen  tetroxide,  influence  of 

moisture  on,  616, 


E. 

Ela'idic  acid,  action  of  nitrosyl  chloride 
on,  329. 

Electrical  discharge,  influence  of  mois- 
ture on,  621. 

separation  of  mixed  gases  by, 

619. 

repulsion     in    solutions,    Peoc, 

18i94,  167. 

Electromotive  force  of  alloys  in  a  vol- 
taic cell,  1030. 

Elements,  oxides  of,  and  the  periodic 
law,  107. 

Emodin  methyl  ether,  925,  934. 

nitro-,  934. 

tetranitro-,  935. 

tetranitro-,  925,  935. 

Ethers,  simple  and  mixed,  boiling  points 
of  homologous,  193. 

Ethoxypropane,  chlor-,  596. 

Ethylenic  bromide,  action  of,  on  soda- 
mide,  522. 

Ethylic  alcohol,  freezing  points  of  solu- 
tions of,  307,  308. 

anliydroanilaconitate,  12. 

benzylamidoacetate,  188. 

bromacetate,  magnetic  rotation  of, 

406,  418,  427,  430. 

o-bromobutyrate,  magnetic  rota- 
tion of,  410,  429. 

a-bromopropionate,  magnetic  rota- 

of,  410,  429. 

butanetetracarboxylate,  prepara- 
tion of,  578. 

carbonate,   magnetic    rotation   of, 

405,  421. 

chloracetate  and  benzylamine,  in- 
teraction of,  187. 
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Ethylic  chloracetate,  magnetic  rotation 
of,  406,414,  418,  423. 

chlorocarbonate,  magnetic  rotation 

of,  405,  420. 

a-chlorocrotonate,  magnetic  rota- 
tion of,  412,  424. 

chloroformate,  magnetic  rotation 

of,  405,  420. 

a-chloropropionate,  magnetic  rota- 
tion of,  409,  428. 

deliydracetate,  261. 

diacetjlbutanetetraearboxylate, 

1014. 

dibenzjlbutanetetracarboxylate, 

1018. 

dibromacetate,  magnetic    rotation 

of,  406,  418,  427,  430. 

dibromotricarballylate,    action   of 

aniline  on,  11. 

action  of  baryta  on,  10. 

preparation  of,  9. 

dichloracetate,  magnetic  rotation 

of,  406,  414,  418,  423. 

dietbylacetoacetate,  magnetic  rota- 
tion of,  823,  827. 

dietliylbutanetetracarboxylate, 

1007. 

dimethylacetoacetate,  magnetic  ro- 
tation of,  816,  823,  827. 

dimetbylbutanetetracarboxylate, 

1004. 

• •  dimethylpropanetricarboxylate, 

PeoC,  1894,  65. 

■ magnetic    rotation    of,  821, 

826. 

refractive     and     dispersive 

power  of,  823,  828. 

ethylbutanetetracai'boxylate,       at- 
tempts to  prepare,  1012. 

etbylpimelate,  991. 

lieptane-(U2iu«-tetracarboxylate, 

104. 

synthesis  of,  104. 

iodacetate,   magnetic   rotation   of, 

408,  428,  431. 

o-isobromobutyrate,  magnetic   ro- 
tation of,  412,  430. 

octane-tujtoj-tetracarboxylate,  600. 

action   of    sodium   ethoxide 

and  iodine  on,  601. 

phenylpyrrolonedicarboxylate,   13. 

salts  of  normal  fatty  acids,  boiling 

points  of,  726. 

tribromacetate,  magnetic   rotation 

of,  406,  418,  428,  430. 

trichloracetate,  magnetic  rotation 

of,  406,  414,  418,  423. 

aa/3-trichlorobutyrate,       magnetic 

rotation  of,  410,  424. 

trichlorolactate,  magnetic  rotation 

of,  409,  424. 


Ethylidenedihydroxynaphthaquinone, 

82. 

aS-anhydride  of,  83. 

Etliylmethylpimelic  acid,  992. 
Ethylpinielic  acid,  989. 

anilide  of,  992. 

Eugenol,  action  of  nitrosyl  chloride  on, 

331. 
ethylic    ether,  action  of    nitrosyl 

chloride  on,  331. 
Evaporation,     volatilisation     of      salts 

during,  445. 


F. 


Fermentative  functions  of  yeast  cells, 
specific  character  of,  911. 

Eerric  oxide,  behaviour  of,  at  high  tem- 
peratures, 324. 

Fluorine,  density  of,  401. 

Fluorplumbates,  393. 

Fluorplumbic  acid,  399. 

Formaldoxime,  Piioc,  1894,  55. 

bromide,  Proc,  1894,  56. 

chloride,  Piioc,  1894,  56. 

iodide,  Peoc,  1894,  56. 

Formulse,  molecular,  of  some  liquids,  as 
determined  by  their  molecular  surface 
energy,  167. 

Freezing  point  determinations,  293. 

points  of  alloys  in  which  the  sol- 
vent is  thallium,  31. 

of  dilute  solutions,    Proc, 

1894,  101. 

of  triple  alloys,  65. 

Furfural,  estimation  of,  479. 


G. 


Gas,    supposed    relation    between    the 

sohibility  of  a,  and  the  viscosity  of  its 

solvent,  782. 
Gases  dissolved  in  water,  apparatus  for 

the   extraction    for  analysis   of   the, 

43. 
mixed,  separation  of,  by  the  electric 

discharge,  619. 
Germination,  formation  of  oxycelluloses 

during,  476. 
Glyceric   acid,  efiect  of  temperature  on 

the  ojDtical  activity  of  ethereal  salts 

of,  761. 
Glycocine  and  its  derivatives,  constitu- 
tion of,  Pboc,  1894,  90,  94. 
Gold,  freezing  points  of  solutions  of,  in 

thallium,  33. 
Gold-aluminium-tin      alloys,     freezing 

points  of,  74. 
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Gold-bismuth  alloys,    E.M.F.  of,  in   a 

voltaic  cell,  1034. 
Grold-cadmium-bismutli  alloys,  freezing 

points  of,  69. 
Grold-cadmium-lead  alloys,  freezing 

points  of,  66,  67. 
G-old- cadmium-thallium  alloys,  freezing 

points  of,  70. 
G-old-lead  alloys,  E.M.F.  of,  in  a  voltaic 

cell,  1036. 
Gl-old-silver  alloys,  E.M.F.  of,  in  a  vol- 
taic cell,  1035. 
Gold-tin  alloys,  E.M.F.  of,  in  a  voltaic 

cell,  1037. 


H. 

Heat,  latent,  of  fusion  of  thallium,  35. 

Heptabenzoylruberythi'ic  acid,  186. 
^-Heptoyltoluene,  Proc,  1894,  60. 

Heptylie  chloride,  action  of  aluminium 
chloride  on,  Peoc,  1893, 208  ;  1894, 
60. 

Heptylie  diacetylglycerate,  active,  751. 

Heptyl-^-toluidine,  Pboc,  1894,  61. 

Hexabenzoylruberythric  acid,  187. 

Hexahydrobenzoic  acid,  synthesis  of, 
86,  103  ;  i,  366. 

Hexamethylene  glycol,  598. 

Hexamethylenecarboxylic  acid,  synthe- 
sis of,  86,  103. 

Hexamethylenic  dibromide,  591,  599. 

action  of,   on    ethylic  sodio- 

malonate,  591,  599. 

action   of    sodium   on,   591, 

599. 

Hexylene  nitrosochloi'ide,  326. 

Homologous  compounds,  calculation  of 
the  boiling  points  of,  193,  725. 

Hydracetylacetone,  magnetic  rotation 
of,  819,  825. 

refractive  and  dispersive  power  of, 

820,  828. 

Hydrindene,  action  of  bromine  on,  250. 

and  some  of  its  derivatives,  syn- 
thesis of,  228. 

ethyl  ketone,  243. 

ketoxime,  244. 

methyl  ketone,  14'0. 

ketoxime,  241. 

phenyl  ketone,  245. 

preparation  of,  248. 

Hydrindenecarboxylamide,  136. 

Hydrindenecarboxylic  acid,  233. 

tetrabromo-,  237. 

anilide,  136. 

chloride,  235. 

Hydrindenedicarboxylic  acid,  prepara- 
tion of,  232. 


Hydrindeneethylcarbinol,  244. 
Hydrindeneethylearbinyl  acetate,  245. 
Hydrindenemethylcarbinol,  242. 
Hydrindenemethylcarbinyl  acetate,  143. 
a-Hydrindone  and  its  derivatives,  480. 

brom-,  500. 

condensation  products  of,  495. 

dibrom-,  501. 

dichlor-,  503. 

•  formation     of     the     hydrocarbon 

truxene  from,  269,  278. 

isonitroso-,  492. 

nitro-,  495. 

preparation    of,    from  phenylpro- 

pionic  chloride,  484. 

properties  of,  488. 

Hydrindonehydrazone,  493. 

a-Hydrindoneoxime,  489. 

conversion  of,  into  hydrocarbosty - 

ril,  490. 
Hydrocai'bons,   coloured,  Peoc,  1893, 

206. 
Hydrocarbostyril,  conversion  of  a  a-hy- 

drindoneoxime    into,    Peoc,     1893, 

240. 
Hydrogen   and    chlorine,   influence    of 

moisture  on  the  interaction  of,  612. 
chloride  and    ammonia,  influence 

of  moisture  on  the  combination  of, 

614. 
and  potassium  chlorate,  inter- 
action of,  Pkoc,  1893,  211. 
freezing  points  of  solutions 

of,  308. 
magnetic    rotation    of,    in 

various  solvents,  20. 
peroxide,  formation  of,  from  oxalic 

acid,   under  the  conjoint   action    of 

light  and  oxygen,  453. 
Hydroquinoketopyridine,  830. 
Mi-Hydroxyanthraquinone-jS-carboxylic 

acid,  846. 
Hydroxybenzaldehydes,      condensation 

of,  with  benzylamine,  192. 
o-Hydroxybenzylidenebenzylamine,  192. 
j>-Hydroxybenzylidenebenzylamine, 

192. 
Hydroxyhydrolupachol,  brom-,  19. 

hydroxime,  722. 

Hydroxvlamine,     action     of     methylic 

iodide  on,  Pboc,  1894,  138. 
Hydroxylamines,  substituted,  formation 

of,    by    tlie    reduction    of    aliphatic 

nitro-compounds,  Peoc,  1894,  139. 
)8-Hydroxy-o-naphthaquinone,    conden- 
sation of  aldehydes  with,  76. 
Hydroxytetrametliylene,  960. 
— - —  action  of  bromine  on,  961. 
Hyponitrites,  Peoc,  1893,  210. 
preparation  of,  Peoc,  1893,  210. 
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Indene    and    some   of    its   derivatives 

synthesis  of,  228. 

brom-,  253. 

preparation  of,  from  liydrindene- 

carboxylic  acid,  246. 
Indenecarboxylic  acid,  138. 
Indium   oxide,   behaviour   of,   at   bigb 

temperatures,  314. 
lodates,  efPect  of  heat  on,  802. 
Iron,  an  early  Scottish,  744. 
and  carbon,  chemical  relations  of, 

788. 
Isaconitine,  action  of  heat  on,  181. 
and    picraconitine,    identity     of, 

176. 

conversion  of  aconitine  into,  290. 

Isobutyraldoxime,  action  of  phosphorus 

pentachloride  on,  226. 
Isocrotonic  acid,  action  of  nitrosyl  chlo- 
ride on,  328. 
Isosafrole,  action  of  nitrosyl  chloride  on, 

332. 


Jute  fibre,  produced  in  England,  470. 


E. 

a-Ketohydrindene,  488. 

Ketone  formed  by  the  action  of  alum- 
inium chloride  on  heptylic  chloride, 
Pboc,  1893,  209. 

Ketonic  origin,  magnetic  rotation  of 
compounds  supposed  to  be  of,  815. 


L. 


Lapachol,  bromo-,  prepai-ation  and  pro- 
perties of,  15. 

hydroxime,  720. 

synthesis  of,  Proc,  1893,  259. 

Lapachol-group,  hydroximes  of,  717. 

o-Lapachone,  w^-bromo-,  18. 

hydroxime,  723. 

/i-Lapachone,  »'-bromo-,  18. 

hydroxime,  724. 

Ijead  acetohydroxy  oximidosulphonates, 
569. 

ammonium     oximidosulphonates, 

571. 

freezing    points  of    solutions    of, 

in  thallium,  32,  35. 

oxide,  behaviour  of,  at  high  tem- 
peratures, 314. 

oximidosulphonates,  566. 


Lead    potassium     oximidosulphonates, 

basic,  569. 
sidphide,  interaction  of,  with  lead 

sulphate    and    oxide,    Peoc,    1894, 

151. 
new  volatile  compounds  of, 

Proc,  1894,  113. 

tetrafluoride,  399. 

Lead-antimony  alloys,  E.M.F.  of,  in  a 

voltaic  cell,  1035. 
Lead-cadmium  alloys,  E.M.F.  of,  in  a 

voltaic  cell,  1037.' 
Lead-cadmium-silver     alloys,     freezing 

point  of,  72. 
Lead-gold  aUoys,  E.M.F.  of,  in  a  voltaic 

cell,  1036. 
Lead-gold-cadmium      alloys,      freezing 

point  of,  66,  67,  68. 
Lead-silver  alloys,  E.M.F.  of,  in  a  vol- 
taic cell,  1037. 
Light,  action  of,  on  oxalic  acid,  450. 
combination     of     carbonic     oxide 

with  chlorine  under  the  influence  of, 

Proc,  1894,  165. 
Lime,  action  of  chlorine  on,  2. 
and  ammonium  chloride,  influence 

of    moisture   on    the   interaction   of, 

612. 
and  sulphuric  anhydride,  influence 

of  moisture  on  the  interaction  of,  611. 

inertness  of,  1. 

phosphorescence  of,  736. 

Liquids,  molecular  formulae  of  some,  as 

determined  by  their  molecular  surface 

energy,  167. 
organic,  influence  of  temperature 

on  the  optical  activity  of,  760. 
Lithamide,  preparation,  properties,  ami 

composition  of,  517. 
Lithium  chloride,  magnetic  rotation  of 

26. 
oxidation  products  of,  443. 


M. 

Madder  colouring  matters,  182. 
Magnesium-silver     couple,     action     of 

strong  acids  on,  Phoc,  1894,  85. 
Magnetic  rotation  of  acetic  and  propionic 

acids,  phosgene  and  ethylic  carbonate, 

402. 

of  chlorine,  27. 

;—  of    compounds    supposed   to 

contain  acetyl,  or    to    be  of    ketonic 

origin,  815. 
of  halogen  derivatives  of  tlic 

fatty  acids,  402. 
" of  hydrogen  chloride  in  dif- 
ferent solvents,  20. 
of  lithium  chloride,  26. 
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Magnetic  rotations  of  sodium  chloride, 
25. 

Mang-koudu,  colouring  and  other  prin- 
ciples from,  851. 

dyeing  properties  of,  868. 

Manures,  estimation  of  available  phos- 
phoric acid  in,  162. 

Mercuric  acetylide,  265. 

Mercury-;3-dinaphthyl,  877. 

Metals  in  contact  with  one  another, 
action  of  concentrated  acids  on, 
Peoc,  1894,  84. 

Methoxy propane,  chlor-,  597. 

Methoxypropylethylacetic  acid,  993. 

Methylaconitine,  Peoc,  1894,  97. 

Methylalizarin,  185. 

Methylaniline,  action  of  nitrosyl  chlo- 
ride on,  Proc,  1894,  60. 

5-Methyl-4'-dimethylamidod)phenyl- 
methane,  2-amido-,  883. 

beha-viour   of,    with    bcnzile, 

886. 

behaviour  of,    with   nitrous 

acid,  887. 

— =—  behaviour  of,  with  salicyl- 

aldehyde,  883. 

decomposition  of,  with  hydro- 
chloric acid,  888. 

Methylenediisonitrosamine,  949. 

Methvlic  acetoacetate,  magnetic  rotation 
of,  816,  823,  826. 

a-bromopentamethylenecarboxyl- 

ate,  101. 

chloracetate,  magnetic  rotation  of, 

408,  424. 

dibromotetramethylenedicarboxyl- 

ate,  967. 

dihydrotetrenedicarboxylate,  974. 

dimethylacetoacetate,  magnetic  ro- 
tation of,  816,  823,  826. 

hydrindenecarboxylate,  234. 

salts  of  normal  fatty  acids,  boiling 

points  of,  725. 

cn'-s-teti-amethvlenedicarboxvlate, 

583. 

Methylpentylethylene,  action  of  nitrosyl 
chloride  on,  326. 

Methylpropylethylene,  action  of  nitrosyl 
chloride  on,  325. 

Molecular  deviation,  maximum,  in  the 
series  of  the  ethereal  salts  of  active 
diacetyl glyceric  acid,  750. 

— —  formulse  of  some  liquids  as  deter- 
mined by  their  molecular  surface 
energy,  167. 

Molybdic  anhydride,  behaviour  of,  at 
high  temperatures,  314. 

Morindin  from  Mang-koudu,  867. 

Morindone  from  Mang-koudu,  867. 


N. 

Naphthalene,  /3-bromo-  and  )3-cliloro-, 
action  of,  on  benzene,  in  presence  of 
aluminium  cliloride,  874. 

/8-chloro-,  action  of  clilorobenzene 

and  sodium  on,  871. 

preparation  of,  875. 

a-Naphthaleneazo-/3-naphthol,  837. 

/3-Naphthaleneazo-^-naphthol,  reduction 
of  the  acetyl-derivative  of,  836. 

/3-Naphthaquinonehydrazone,  839. 

a-Naphthol  ethvl  ether,  trinitro-,  841. 

trinitro-,  842. 

/3-Naphthol,  action  of,  on  benzene  in 
presence  of  aluminium  chloride,  874. 

a-Naphthylamine,  trinitro-,  841. 

Naphthylhydrazines,  action  of  nitrosyl 
chloride  on,  Peoc,  1894,  60. 

Nickelic  oxide,  behaviour  of,  at  high 
temperatures,  314. 

Niobic  anhydride,  behaviour  of,  at  higli 
temperatures  314. 

Nitrates,  action  of  acid  chlorides  on, 
Peoc,  1893,  255. 

Nitric  acid,  freezing  points  of  solutions 
of,  309. 

molecular  weight   of  liquid, 

169. 

Nitric  oxide,  action  of,  on  potassium, 
440. 

action  of,  on  sodium,  443. 

action  of,  on  sodium  ethoxide, 

944. 

and    oxygen,    influence    of 

moisture  on  the  interaction  of,  613. 

Nitric  peroxide,  influence  of  moisture 
on  the  dissociation  of,  616. 

Nitrocompounds,  aliphatic,  reductio n 
products  of,  Peoc,  1894,  139. 

Nitrogen  oxides,  red,  action  of,  on  potas- 
sium, 440. 

tetroxide,  influence  of  moisture  on 

the  dissociation  of,  616. 

Nitrosyl  chloride,  action  of,  on  unsatu- 
rated compounds,  324. 
Nitrous    oxide,    action    of,    on    potas- 
sium, 438. 
action  of,  on  sodium,  443. 


0. 


Octylene,   normal,    action    of    nitrosyl 

chloride  on,  326. 
Octylic  diacetylglycerate,  752. 
Oils,    essential,     aerial     oxidation     of, 

Peoc,  1894,  51. 
Oleic  acid,  action  of  nitrosyl  chloride  on, 

329.      • 
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Omicliolin,  Peoc,  1893,  239. 
Optical  activity  of  organic  liquids,  influ- 
ence of  temperature  on,  760. 
Organic-compounds,    riscous     flow    of, 

Pkoc,  1894,  136. 
Oxalic  acid,  action  of  light  on,  450. 
Oxaniide,  sulphate,  Peoc,  1894,  58. 
Oxides,  behaviour  of   the  more   stable, 

at  high  temperatures,  313. 
of  the  elements  and  the  periodic 

law,  106. 
stability  of,  considered  in  relation 

to  the  periodic  law,  314. 
Oximidosulphonates,  523. 
and     sulphazotates,    identity    of, 

535. 

behaviour  of,  when  heated,  542. 

constitution  of,  535. 

hydrolysis  of,  541. 

OxyccUuloses,  atmospheric  oxidations  of, 

476. 

deoxidation  of,  477. 

hydrolysis  of,  478. 

natural,  472. 

Oxygen  and   nitric  oxide,  influence  of 

moisture  on  the  interaction  of,  613. 
Ozone,   influence   of   moisture   on    the 

formation  of,  from  oxygen,  617. 


P. 


Paraflins,    normal,    boihng    points    of, 

730. 
A'-Pentamethenylcarboxylic  acid,  101. 
Pentamethylenecarboiylic  acid,  anilide 

of,  100. 

dibromo-,  102. 

synthesis  of,  86,  98. 

a^2"tribromo-,  982. 

chloride,  99. 

Pentamethylenediamine  hydrochloride, 

action  of  silver  nitrite  on,  94. 
1  :  1-Pentamethylenedicarboxylic    acid, 

96. 
1  :  2-Pentamefchylenedicarboxylic    acid, 

978. 
CIS-   and   ^raws-modifications 

of,  572. 

dibromo-,  980. 

<-tA-Pentamethylenedicarboxylic  acid, 

590. 

anhydride,  587. 

plienylimide  of,  589. 

/rawji-Pentamethylenedicarboxylic  acid, 

58G. 

anhydride,  985. 

Periodic    law    and    the    oxides  of    the 

elements,  106. 
stability  of  the  oxides  con- 
sidered in  relation  to  the,  314. 


Plienanthrene,  action  of  nitrosyl  chlo- 
ride on,  327. 
Phenazine  from  thymoquinonediortho- 

nitranilide,  PfiOC,  1893,  216. 
Phenol,  freezing  points  of  solutions  of, 

307. 

liquid,  molecular  weight  of,  168. 

Phenylchloropropylenehydrindone,  486. 
Phenylhydrazine,     action     of     nitrosyl 

chloride  on,  Peoc,  1894,  GO. 
/3-Phenylnaphthalene,  869. 

synthesis  of,  870. 

Phenylnaphthalenes,  869. 
Phenylpropionic  acid,  formation  of  the 

hydrocarbon  truxene  from,  269,  277. 

chloride,  preparation  of,  484. 

Phenylpyrrolonedicarboxylic  acid,  mon- 

amide  of,  13. 
Phosgene,   magnetic    rotation    of,    404, 

420. 
Phosphorescence,   observations    on   the 

nature  of,  734. 
Phosphoric  acid,  estimation  of  probably 

available,  in  manures,  162. 
estimation  of  probably  avail  - 

able,  in  soils,  115. 
■  freezing   points   of  solutions 

of,  308,  309. 
Phosphorus,  molecular  weight  of  liquid, 

172. 
Picraconitine,  174. 

• and  isaconitine,  identity  of,  176. 

Pimelic  acids,  substituted,  987. 

Piperidine,  nitrol-,  325. 

Plant  food  in  soils,  mineral,  analytical 

determinations  of  probably  available, 

115. 
Platinum,  freezing  point  of  solutions  of, 

in  thallium,  34. 
Plumbates,  fluor-,  393. 
Plumbic  acid,  fluor-,  399. 
Potash  in  soils,  estimation  of  probably 

available,  115. 
Potassamide,  action  of  nitrosyl  chloride 

on,  521. 

action  of,  on  inorganic  oxides,  519. 

preparation,  properties,  and  com- 
position of,  511. 
Potassium,  action  of  dry  air  or  oxygen 

on,  434, 

action  of  nitric  oxide  on,  440. 

action  of  nitrous  oxide  on,  438. 

action  of  the  red  oxides  of  nitrogen 

on,  440. 
cai'bonate,  freezing  points  of  solu- 
tions of,  311. 
chlorate    and    hydrochloric    acid, 

interaction  of,  Peoc,  1893,  211. 
and     manganese    dioxide, 

liberation    of     chlorine    during    the 

heating  of  a  mixture  of,  202. 
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Potassium  chlorate,  effect  of  lieat  on, 
814. 

influence  of  moisture  on  the 

decomposition  of,  617. 

chloride,  freezing  points  of  solu- 
tions of,  310. 

iluoroxyperplumbate,  394. 

fluorplumbate,  394. 

hydroxide,  freezing  points  of  solu- 
tions of,  310. 

iodate,  effect  of  heat  on,  806,  811. 

iodide,  decomposition  of,  on  expo- 
sure to  air  and  light,  804. 

liberation  of  iodine  from,  by 

the  action  of  weak  acids,  804. 

melting  point  of,  433. 

nitride,  non-existence  of,  512. 

oxidation  products  of,  432. 

oximidosulphonate  nitrate,  551. 

■ ■  preparation  of,  524. 

oximidosulphonates,  547. 

rvibidium   and    caesium  sulphates, 

comparative  crystallography  of,  628. 

comparative  optical 

characters  of,  697. 
volume  relations  of, 

649. 

sodium  oximidosulphonate  chlo- 
ride, 551. 

oximidosulphonates,  551. 

sulphate,  crystallography  of,  634. 

freezing   points  of   solutions 

of,  311. 

optical  properties  of,  666. 

Propionaldoxime,  action  of  phosphorus 
trichloride  on,  225. 

■  action  of  phosphorus  pentachloride 

on  the  isomeric  forms  of,  224. 

isomeric  forms  of,  221. 

Propionic  acid,  a-bromo-,  magnetic  rota- 
tion of,  410,  429. 

magnetic  rotation  of,  403, 

421. 

Propylethylacetic  acid,  bromo-,  993. 
Propylic   salts   of    normal   fatty  acids, 

boiling  points  of,  726. 
Pseudosolution    and     solution.    Proc, 

1894,  166,  167. 
Purpurin-/3-carboxylic  acids,  848. 
Pyraconine,  composition  and  properties 

of,  180. 

salts  of,  180. 

Pyraconitine,  177. 

hydrolysis  of,  179. 

salts  of,  178. 

Pyrroline-derivatives,  formation  of,  from 

aconitic  acid,  9. 

Q. 

Quicklime,  inertness  of,  1. 


Quinhydroketopyridine,    reduction     of, 

828. 
Quinone-derivatives,  conversion  of  ortho- 

into  para-  and  of  para-  into  ortho-, 

76,  321,  717. 
Quinonedi-m-nitranilide,    Pboc,    1893, 

216. 
Quinonedi-^-nitrotoluidide,    Peoc, 

1893,  216. 
Quinone-Mi-homofluorindene,  Pboc, 

1893,  216. 
Q,uinone-m-nitranilide,     Proc,     1893, 

216. 
Quinone-j?-nitrotoluidide,  Proc,  1893, 

216. 
Quinones,  interaction  of,   with  m-nitr- 

aniline  and  nitro-^^-toluidine,   Proc, 

1893,  215. 


B. 


Root  sap,  experiments  on  the  acidity  of, 

127. 
Rotation,  molecular,  of  ethereal  salts  of 

diacetylglyceric  acid,  755. 
Hotatory   power    of     organic     liquids, 

effect  of  temperature  on,  760. 
E-uberythric  acid,  benzoyl-derivatives  of, 

186. 
E/ubiadin,  constitution  of,  182. 
Rubidium  caesium  and   potassium  sul- 
phates,  comparative    crystallography 

of,  628. 
comparative  optical 

characters  of,  697. 
■ volume  relations  of, 

649. 

sulphate,  crystallography  of,  638. 

optical  properties  of,  680. 


Safrole,  action  of  nitrosyl  chloride  on, 
332. 

Salicylaldehyde,  condensation  of,  with 
)3-hydroxy-a-naphthaquinone,  85. 

Salts,  coagulative  power  of,  on  arsenious 
sulphide  solutions,  Pboc,  1894,  166. 

ethereal,   of    normal    fatty   acids, 

boiling  points  of,  725. 

isomorphous,  connection  between 

the  atomic  weight  of  contained  metals 
and  the  crystallographical  characters 
of,  628. 

solid,  viscous  flow  of,  Pboc,  1894, 

136. 

volatilisation  of,  during  evapora- 
tion, 445. 

Sebacic  acid,  synthesis  of,  600. 
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Silver,  freezing  points  of  solutions  of,  in 
tliallium,  33. 

liTponitrite,  Peoc,  1893,  210. 

Silver-bismuth    alloys,    cupellation    of, 
624. 

E.M.F.  of,  in  a  voltaic 

cell,  1034. 
Silver-oaclmium-bismuth  alloys,  freezing 

points  of,  73. 
Silver-eadmium-leacl     alloys,      freezing 

points  of,  72. 
Silver-cadmium-thallium   alloys,  freez- 
ing points  of,  72. 
Silver-cadmium-tin       alloys,      freezing 

points  of,  67,  71. 
Silver-copper   couple,   action  of   strong 

acids  on,  Proc,  1804,  84. 
Silver-gold  alloys,  E.M.F.  of,  in  a  vol- 
taic cell,  1035. 
Silver-lead  alloys,  E.M.F.  of,  in  a  vol- 
taic cell,  1037. 
Silver-magnesium     couple,     action     of 

strong  acids  on,  Proc,  1894,  85. 
Sodamide,  action  of  ethylenic  bromide 
on,  522. 

action  of  ethylic  iodide  on,  521. 

action  of  nitrosyl  chloride  on,  521. 

action   of,    on    inorganic    oxides, 

519. 
preparation,  properties  and  com- 
position of,  504. 
Sodium,  action  of  dry  air  or  oxygen  on, 
441. 

action  of  nitric  oxide  on,  443. 

action  of  nitrous  oxide  on,  443. 

action  of  strong  sulphuric  acid  on, 

Proc,  1894,  86. 
carbonate,  freezing  points  of  solu- 
tions of,  311. 
chloride,  freezing  points  of  solu- 
tions of,  306,  308,  309. 

magnetic  rotation  of,  25. 

ethoxide,  action  of  nitric  oxide  on, 

944. 
hydroxide,  freezing  points  of  solu- 
tions of,  310. 

hyponitrite,  Proc,  1893,  210. 

influence  of  contact  with  another 

metal  on  the  action  of  strong  sulphu- 
ric acid  on,  Peoc,  1894,  86. 

nitride,  non-existence  of,  507. 

oxidation  products  of,  440. 

oxide,  action  of  ammonia  on,  510. 

oiimidosulphonates,  546. 

preparation  of,  524. 

Soils,  determination  of  the  probably 
available  mineral  plant  food  in,  115. 

-viscosity  of,  Proc,  1894,  136. 

Solubility  of  a  gas,  and  tlie  viscosity  of 
its  solvent,  supposed  relation  between, 
782. 

VOL.  LXV. 


Solution  and  pseudo-solution,  Proc, 
1894,  166,  167. 

Solutions,  dilute,  results  of  measure- 
ments of  the  freezing  points  of,  Pboc, 
1894,  101. 

electrical     repulsion    in,     Peoc, 

1894,  167. 

Stannic  oxide,  behaviour  of,  at  Ivigli 
temperatures,  314. 

Stilbene,  action  of  nitrosyl  chloride  on, 
327. 

Strontium  oxide,  behaviour  of,  at  high 
temperatures,  314. 

oximidosulphonates,  565. 

Sugar,  cane-,  freezing  points  of  solu- 
tions of,  307,  308. 

Sulphazotates,  523. 

and  oximidosulphonates,  identity 

of,  535. 

Sulphuric  acid,  freezing  points  of  solu- 
tions of,  306,  308,  310. 

molecular  weight  of  liquid, 

170. 

anhydride  and  lime,   influence  of 

moisture  on  the  interaction  of,  611. 


T. 


of. 


Tantalic   anhydride,    behaviour 

high  temperatui-es,  314. 
Tartaric  acid,  oxidation  of,  in  presence 

of  iron,  899. 
Temperature,  influence  of,  on  the  optical 

activity  of  organic  liquids,  760. 
Terpenes,  35. 
•  aerial  oxidation  of,  Peoc,  1894, 

51. 
Tesu,  colouring  matter  of  the  Indian 

dye-stuff,  Proc,  1894,  11. 
Tetram ethylene,  bromo-,  961. 

chloro-,  953,  964, 

derivatives  of,  950. 

iodo-,  964. 

action  of  quinoline  on,  965. 

Tet'amethyleneamine,  959. 
Tetramethylenccarboxylamide,  957. 
Tetramethylenecarboxylic  acid,  o/3;-tii- 

bromo-,  973. 
Tctramethylenedicarboxylamide,  584. 
1  :  2-Tetramethylenedicarboxylic     acid, 

cis-  and  ^rarts-modifications  of,  572. 
(■t*-Tetramethylenedicarboxylic    acid, 

582. 

dibromo,  965. 

action    of    alkalis    on, 

969. 
action     of    potassium 

iodide  on,  978. 
action  of   silver   oxide 

on,  972. 

4  ¥ 
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fraws-Tetramethylenedicarboxylic  acid, 

585. 

phenylimide  of,  584. 

ei.?-Tetramethylenedicarboxylic  anhy- 
dride, 581. 

dibromo-,  968. 

action  of  dimethylani- 

line  on,  971 . 
action  of  quinoline  on, 

971. 
1:1:2:  2-Tetraniethylenetetracar- 

boxylic  acid,  580. 
Thallium,  freezing  point    of    alloys  in 

which  the  solvent  is,  31. 

latent  heat  of  fusion  of,  8.5. 

Thallium-cadmium-silTer    alloys,  freez- 
ing points  of,  72. 
Thallium-gold-cadmium  alloys,  freezing 

points  of,  70. 
Thymoquinone-o-methy]phenazine, 

Proc,  1893,  216. 
Thymoquinonedi-o-nitranilide,      Proc.  , 

1893,  216. 
Thvmoquinonedi-j)-nitrotoluidide, 

Proc,  1893,  2i6. 
Tin-aluminium-gold  alloys,  freezing 

points  of,  74. 
Tin-antimony  alloys,    E.M.F.   of,  in   a 

voltaic  cell,  1035. 
Tin-bismuth    alloys,   E.M.F.    of,   in    a 

voltaic  cell,  1034. 
Tin-cadmium-silver  alloys,  freezing 

points  of,  71. 
Tin-gold  alloys,  E.M.F.  of,  in  a  voltaic 

cell,  1037. 
Titanic  anhydride,  behaviour  of,  at  liigh 

temperatures,  314. 
jp-Tolueneazo-j;-cresol,  acetjlation    and 

reduction  of,  Proc,  1894,  1 18. 
^J-Tolueneazodimcthvianiliiie,     prepara- 
tion of,  880. 

reduction  of,  879. 

Trihydroxy-a-methylanthranole,  mono- 
methyl  ether  of,  936. 
Trihydroxymethylanthraquinone  methyl 

ether,  862. 
Trihydroxy-a-methylanthraquinone, 

monomtehyl  ether  of,  933. 
Trimethylhvdroxylamiue  and  its  salts, 

Proc,  1894,  139. 
Truxene,  action  of  nitric  acid  on,  288. 

action  of  nitrobenzene  on,  286. 

dibromo-,  287. 

formation  of,  fi'om  phcnylpropionic 

acid  and  from  hydi'indone,  269. 

molecular  weight  of,  283. 

oxidation  of,  285. 

Tungstic    anhydride,   behaviour   of,    at 

high  temperatures,  314. 
Turpentine,  Russian,  aerial  oxidation  of, 

Peoc,  1894,  52, 


U. 


Unsaturated      compounds,     action      of 

nitrosyl  chloride  on,  324. 
Uranic  anhydride,  behaviour  of,  at  high 

temperatures,  314. 
Urea,  freezing  points   of   solutions  of, 

307,  308. 
Urine,  action    of  benzoic    chloride  on, 

in  presence  of  alkali,   Proc,    1893, 

238. 
Urochrome,  formation  of  benzoic-deri- 

vatives  of,  Proc,  1893,  238. 
Uromelanin,  Pboc,  1893,  239. 
Uropittin,  Peoc,  1893,  239. 


V. 

Vanadic   anhydride,   behaviour    of,    at 

high  temperatures,  314. 
Ventilagin,  940. 
Ventilago      madraspatana,      colouring 

principles  of,  923. 
Viscosity  of  solids,  Proc,  1894, 136. 
Voltaic    cell,    electromotive    force     of 

allovs  in,  1031. 


w. 

Water,  apparatus  for  the  extraction  for 

analysis  of  the    gases    dissolved    in, 

43. 
from  the  Zem-Zem  Well  in  Mecca, 

Proc,  1893,  245. 
vapour,  theory  of  the  influence  of, 

on  chemical  action,  618. 
Waters,  mineral,  of  Cheltenham,  772. 
Wax  from  mang  koudu,  867. 
from   Ventilago  madraspatana, 

923. 


Y. 


Yeast-cells,   specific   character    of    the 
fermentative  character  of,  911. 


z. 


Zinc  chi  le,  freezing  points  of  solu- 
tions of,  ^  xl. 

oxide,  behaviour  of,  at  high  tem- 
peratures, 314. 

Zinc-bismuth  alloys,  E.M.F.  of,  in  a 
voltaic  cell,  1034. 

Zinc-cadmium  alloys,  E.M.F.  of,  in  a 
voltaic  cell,  1035. 

Zirconium  dioxide,  behaviour  of,  at 
high  temperatures,  314. 


ERRATA. 

Vol.  LXIII  (Trans.,  1893). 
Page   Line 

761      18*  delete  "  during  his  absence  in  England." 

763      between  lines  5*  and  4*  insert  "  60.  '  Ueber  Isodulcifc.'     Ber.,  11,  1197." 
7G3      line  4*  for  "  60."  read  "  61." 

Vol.  LXV  (Teans.,  1894). 

53      12*  for  "a  yellowish,  crystalline  mass"  read  "  crystallising  in  fine,  white 

needles." 
64      15      for  "  corydalic  acid  "  read  "  corydalinic  acid." 
80      12      for  "230°"  read  "213°." 
323      15     /or  "01414  "read  "01441." 
523        8     for  "  sulphammonates  "  read  "  sulpliammonate." 

„         5*  for  "  Claus  so  decided  "  read  "  Claus  had  so  decided." 
530        3*  for  "  thery  "  read  "  theory." 
535      19*  for  "  metliyl-orange  "  read  "rosolic  acid." 
11*  for  "  Identity  "  read  "  Unity." 
11     for  "  acid  of  hydrogen  salts  "  read  "  acid  or  hydrogen  salts." 

"  Kaschig. 

■548      18  &c.   for    , « ^  read  "  Calculated.     Easchig." 

Calculated.   Found." 

549  3*  /or  "  alkaline  "  read  "  alkali." 

»  ,,*  for  "  potassium  salts  "  read  "  potassium  salt." 

550  8    for  "  as  "  read  "  of." 

551  7    for  "  the  two  "  read  "  two." 

»       11      The  numbers /or  "  Sulphur"  should  be  16-50,  16-61,  and  16-73;  those 
given  are  for  sulphur  trioxidc. 
564      17*  for  "  Kg  salt  "  read  "  Kg  salt." 
567        5*  for  "  hydroxy-lead  "  read  "  hydroxy-lead  salt." 
569       8    /or  "  near  "  reorti  "  slight." 
571     19*  for  "  (NH4)  "  read  "  (NH^)^." 
•^334     14*  for  "  these  three  crops  "  read  "  tlu-ee  crops." 
*>47      6    and    15,  for  "  brachyi^inacoid  "  read  "  macropinacoid." 
711      5*  for  "molecular  dispersion"  read  "molecular  refraction." 
5     for  "  extremely  soluble  "  read  "  extremely  soluble  j" 


•  From  bottom. 
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